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Preface

The new modern field of multhessenger astronomy aims at the study of astronomical
sources using different types of MfAmessenger
gravitational waves. Topicality of this direction is confirmed by many confesealt over the
world.

The international conference on this urgent topic was held in Russia for the third time. The
success of t he first wor kshop fiQuark Pha
Multimessenger Astronomy: Neutrino Signals, Supernovae andrfé@®my Bur st so he
October 2015 and the second conference @ASN
Objects and Multi messenger Astronomyo held
such meetings arranged in locations of unique Russian Qitegesi Special Astrophysical
Observatory of RAS (SAO RAS), Baksan Neutrino Observatory of Institute for Nuclear
Research of RAS (BNO INR RAS) and the International Observatory Peak Tewsiewell
needed.

The conferenceds s ciwae tangé of probfemsoa tha moderno v e r ¢
astrophysics including that of existence of quantimmomodynimic (QCD) phase transition
and matter states at high temperatures and densities. Such conditions are likely to be
achievable only in astrophysical objedtscollapsars of stellar mass, the objects whose
formation is related with collapse and explosion of hot and dense cores of massive stars
observable as gamnaray bursts and supernovae. Solution of such problems demands
development of methods combining optiaatronomical observations and experiments with
neutrino telescopes, cosmiay recording sets and detectors of gravitational waves.

The Conference program will also include talks and discussion on the THESEUS (Transient
High-Energy Sky and Early UnivezsSurveyor) mission concept, being developed by a large
International collaboration involving also SAO and BNO. THESEUS aims at exploiting
high-redshift gammaay bursts for getting unique clues to the Universe and, being an
unprecedentedly powerful mackinfor the detection, accurate location and redshift
determination of all types of gamnnay bursts (long, short, highy undeduminous, ultralong)
and many other classes of transient sources and phenomena, at providing a substantial
contribution to multimessenger astrophysics and tidwmain astronomy. Under these
respects, THESEUS will show a beautiful synergy with the large observing facilities of the
future, like EELT, TMT, SKA, CTA, ATHENA, in the electromagnetic domain, as well as
with nextgenerabn gravitationalwaves (aLIGO/ aVirgo, KAGRA, ILIGO, Einstein
Telescope, LISA) and neutrino detectors, thus enhancing importantly their scientific return.
Moreover, it will also operate as a flexible IR anea@y observatory, thus providing an even
largerinvolvement of the scientific community.






Results of three years search for th€*Po half-life
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Abstract Description of the TALB installation intendedor long-term monitoring of the

half-life value T,ofthe®t s is pres®&fheds uUsetomes a source
chain. The methodof measurement and processiogcollected dataare reportedSolar-daily

variation with an amplitudeAs= ( 5 . 3 N4, lufaddaily Osariation with an amplitude

A= ( 4 . 8 N?2andsdreat@aily variationwith an amplitudeAs= ( 4 . 2 N1 wefe )folind 0

as a results of processingf the 622 days datseries (July 2015 March 2017). An averaged

value of thé**Po nuclei decay halffe was found tobeto,=3 . 705 N0 . O-ifelvalee. A ha
data set with the week duration step was congdufidr the 1177 days measurement tighay

20151 September 2018features of the halife time behavior were analyzed. Annular variation

with an amplituded=(3.6N ). T 1 @as found.

Keywords: Half-Life, ?**Po Nucleus, Daily and Annual Variations

1. Introduction

Experimental research of th¥Po halflife () time stabilitiess cariied out at the Baksan
Neutrino Observatory of the INR RAS-R] since 2008. A halfife is defined as a result of an
analysis of the decay curves constructed from afdié¢ dime values of separate nuclei of the
i sotope under considerati on. -parele lomgheBet we en
decayuand um) a nphrtidletrem tiE€Ro degay)rdiheasured to define this
parameter.

Half-life value time sequences with different time steps are the objects for a subsequent
analysis. The measurements (973 days) are perfornibd BAU-2 low background facility
placed in the underground low background laboratory DMOBO0 ata depth of 4900 m.w.e.
Further, time series dfwith differenttemporal steps are analyzed. According to data obtained
at TAU-2, the averaged value of ti&Po halfl i f e=1i68. #7 N 0. 03 Os.
variation with amplitude A (9.8N0 . 6 ) ¥ theO solamaily variaton with amplitude
As,=(7.5N1 . 2 ) TtHe Wnadaily variation with amplitude A= (6.9N2 . 0 ) Taddahe
sidereal daily variation with amplitudess (7.2N1 . 2Yfat® detected in th
values. Another pair of radioactive isotopes which have similar decay diagram but much
smaller halflife of the daughter isotope was proposed to proof reality of the obtained
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variations. Thé"B i {,546min)Y *Po(,54. 2 e€s) [5] were choose
isotopes are the daughter products in“figh( 15,=7340 years) decay chain from tHé\p

series [6]. The results obtained for the data measilwedg 1177 days with such source are

listed in the presentedork.

2. The facility description

The @nstruction of the TALB facility with a??°Th source is similar tthat of TAU-2 [1]. It
comprises a scintillation detector D1which is made of two disks d =18 mm and h =1 mm of a
plastic scintillator (PS) glued gether. The radiation sourc@®Th (T, = 7340 years)
positioned between the disks is the parent isotop&¥n. The test sample is manufactured at
the Khlopin Radium Institute (St. Petersburg).

The source is precipitated from Th(j@salt solution a the surface of a LAVSANilm
withh=2.5 Om and c ov knrpastd aogg the bdge by tharepoxyf résin. The
assembly is placed at the bottom of a case made e2000 rdl ectingfilm open from one end.

The case is put inside a stainlssselr ect angul ar case 91231140 mm,
open end of the case is connected with the bottom ofm Stainlesssteel cylinder with d =

44 mm, and h = 160 mm. Inside the cylinder, there is a-$figed FELB7 photomultiplier

monitoring PS. Theignal is taken from the FEU anode load through the matching circuit and

is supplied via the cable (50 Ohm) to thiest entry of the registering unit. Detector D1 is

placed in the 1'em Pb protective layer in a gap with h = 10 mm between two scintillatio
detectors Nal (Tl) 1501 tbadkgroomu bok dfehe BULBID®G D2 ) i
underground lowbackground laboratory [6]. Signals from the anodes of two photomultipliers

of the D2 detector are amfyed by chargesensitive preamgliers, summed, ansupplied to

the second, starting entry of the registering unit. The registering facility comprises a
LA-n1012 PCI digital oscilloscope (DO) integrated with a,R@ich is registering the

waveform of pulses arriving from D1 and D2 the online mode. Thdrequency of pulse

digitization in DO is chosen as 100 MHz. The reading and recording are started by a pulse in

the D2 channel. The record frame is 2048 temporal channels (10 ns per channel), including

256 channels of prehistory and 1792 channels of kidtoFig. 1, the decays 6¥Bi and***Po

isotopes [5] are presemtschematically. FromFigl it f ol |l ows t h®Bi 66 % of
are transitions to the ground level, and 31% to the excited level with an energy of 440 keV. The
decay of thislevels accompanied by a 9 quant isatopee mi ssi o

21 : : : :
0 decays in 100% of cases with emission of
4559 m
213
[ “g3Bi S0 o 42us
Q, =1426 DS L |
gjﬁg‘% o “r-lbc,hxﬂ\s 213 5
0.088% 7.0, 729121112 ,;“-?E&-‘E‘PHE‘PES’,,?: 1119.4 34P0
(DT 52 729021112 o g AKN —— ti0n.ie
0.064% 75 729121112 g i ,;.:;_Qx_h 1003.57 o Q,=8537
eF = &
¥ g2 U2t A 77RB ooMew 250
& <P
31.0% 81, Tzttt Lt :'é‘__g 042
0.322% 8.3 _ (72t St 11ieh) ’_F: 29280
arz+ 0 _100% 17
65.0% 6.3 92° 94248 253 h 209
213 Pb
gaF o 82

Fig.1. Decay schemes &fBi (left) and®*Po (right).
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energy of 8537 keV. If the device registers all three paediotleased by the decay of the pair

of isotopes, it is the event with three pul
andpabrticle coincide i nst anparicleisdelayed. mFig.a,nd t h
one of the events (framestored by DO in the PC memory is displayed as an example. The

pul se on the wupper b efisstrpulge Xrain on she lawerobeamu2x nt u
corresponds to a b particle, and the secol
coincidences conderably reduce the contribution of background events accompanying
decays of the remaining isotopes in the chain of deca&y3Tdfto the total counting rate of the

facility. The activity of?°Th isD 80 Bq. Alongside the main isotope there are smalluaiso

of extraneous radioactive impurities in the specimen. The DO recording rate of the event
started by D2 pulses with amplitudes of @D keV wasD27 $ > The recording rate of

useful events with parameters of all pulses correspondifigfto decay w&sD 18 $ * From

Fig.2 it follows thats i g n a | sa nfdpantintes Bre clusters of short subpulses with total

durationofuptd1 Os , decreasing exponentially in for
500+

- Ly 1400000

- 1 / 2

= Z 1200000 B

= 400 ] = Delays. 50 - 1300 chan.

ﬁ 200 ‘// é 1000000

= .g 800000 -

2 0l
| £ 600000

E 200 :

= 1 Z . 400000

2. 100 2

E ] v 200000 -

“ ' b : : 0
0 400 800 1200 1600 2000 0 200 400 600 800 1000 1200 1400

Time’ channals (] chan.=10 l'IS) Delay time, (channels, 1 chan.=10 ns)

Fig2. An example of*Bii 2**Po pair decay event stored t Fig3. Decay curve for**®o plotted by the
DO in PC memory: (1) upper beam, a pulse from data from TAU3 device obtained over 62
detector (9 quantum), (2) days.

(start), and particle (stop) in D1 detector.

The clusers can overlap at small delays between particles; therefore, the processing
program should consider the relation between the amplitudes dfrtheand subsequent
subpulses in a cluster to Sulh)ambdigruomiuddsyc se.p a
between pulses in channel D1 are determined as the result of processing the recorded
waveforms, and a decay curve of daughter isottPe is plotted for the chosen time interval.

The halflife determination is based on this curve. The sequentialdémes of this magnitude
is plotted.

3. Measurement results

Continuous measurements started at I20n July 9, 2015. The statistics for 622 days
(March 2017) was processed at the beginning. In Fig. 3, the decay curvé'dPthisotope is
given. The value of U was obtained appr oxi ma:
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Fig4. Dependence of?**Po halflife on the time of solar  Fig5. Dependence of***o halflife on the time of

day obtained by the method of interior moving avera sidereal day obtained by the method of interior movii
(triangles). Approximation by functidd ( t ) = average (triangts). Approximation by function

G 1+3.4710714sin{2"/24(ti O(t=42.771074sin{(2 /2

dependengae+8(B8y1814 1 1T Restored depfehdeac2] U(

(theblue dotdashed curve). si n{ 2 /| theblue dotdashed c(rve).
F(t) = ATexp[T1n(2)t7tds]inthe dday imtervanoh0bt3h @ isni hu |
was found that Uhe3inneB movitgbverdde (IMA)Onethod @as used to
search for a possi-Valles. Atimenmerval with theaduratiommequalffo t he |

about 05 of the expectegeriods is chsen to search for any harmonic component and the
Uvalue isdeterminedfor this interval. Thenthe interval has shifted bgne step and the
procedure is repeateth the studies of daily variations of ti€Po halflife depen@nceon

solar sidereal, and lunar time, the length of the respective day was divided into 24Tthaurs.
duration of a sidereal atdnar day in the standard solar time is 23 hours 56 minutes 4.09 s and
24 hours 50 minutes 28.2 s, respectively.

A period of 12 hours wachosen as an interval of averaging. The analysis of events was
made as follows. We selected the events registered in the intervdRofi@urs for the entire
period study and determined the Hil values. After that, the interval was shifted by one
hour and the procedurgasrepeated. The results of the search of the daily variation in solar
time are given in Fig. 4. Here, the result of approximation of the dailylifeatfependence by
the funcd lor WB({s) nthelled curve) isdig 1} dy & d ,ois thdrreeare U
halfl i fe; ¥ '= A2'=/"B4s4ahk he amplitude; G = 173 h is
point of the curve relative to 0 hours. Tigure shows that the time dependence oftfieo
half-life is well described by aisusoidal function. The period found is 24 hours and the
relative amplitude is 0.00034 hdifes. Itis easy to show that the initial periodic dependence
of time data has theame period (24 ) , the amplitude is high
shitedby 0.5 of the moving intervals (0.25]1
periodic dependence obtained from these data in solar timgis A ( 5. 3 N“{thetlyel 1
dot-dashed curve).

In Fig. 5, the results of the search for a sidereal daitiatian of the?**Po halflife are
displayed. The experimental data are approxmatddehyu rve Uty A sUn{¥y(t +
(thered curve) witthep ar amet er s A =amplitu@e; G = T19 h i
the curve initial point relativéo 0 hours. The analysis of the restored initial dependence
similar to the analysis made for the sedaily wave shows the presence of a sidededly
wave withtherelative amplitude & ( 4 . 2 N"1%th@bjué do®@ashed curve). In Fig. 6, the

er b
24 -
0
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resuts of search for a lunadaily variation of the **3o halflife are given.

3,7085 4 Lunar day. sliding interval 12 hours
37080 11 Fig6. Dependence df*Po halflife on the time
3,7075 1 -t . TI1sT of lunar day obtained by the method of interi
Z 37070 ™ Appreggton 11l moving average (triangles). Approximation k
: \ T g g gles). App
£ 370831 { " AL \{ 3 : function 3
5 a7000 ] T\I‘ H L-/'_ /'I U() =00[ 1+3. 171107 4si1
f_:r_a.russ- T\ \I { / 1 5 red cul:ye). Restored depﬁndence
5 s I \H \kﬁ T/ U(t)=00[1+4.8110i4s
3,7045 ] I “H "~ I e cted blue dotdashed curve).
3,7040 [ \’\.H.,./'/
3,7035 ] ]
3,7030

T T T T T
15 20 25

o
o
=]

Time of day, hour. Number of interval step

The analysis of the restored initial dependence like the analysis made for théadglar

wave shows the presence dfiaardaily wave with relative amplitude A~ ( 4.8 N 2. 1
(bluedotdashed curve). I n Fig. 7, the time dep
a weekly data set is presented. It i s sho
collected over 127 days, U = (3.6998 N 0.0
422 days U = (3.7016 N 0.0011) Os, and for

such behavior of the U par aandnstumentalféeeet, forot ¢ |

example, equipment ageing, and an unknown real phydieadteThe presence of a pulse
surge of data within the time interval comparable to a year in the series of weekly data hinders
using the method of moving internal averdgestudies of the hallife annual variation.

The data collecteduring 1177 days (28 September 2018) allowgsto suppose thahe
obtained trend has a shape of a logistic curve which can be done by an expression of
L=A+(A1-AL)/[1+(x/%0)7]. The coéicients in the formula fitted the experimental data in the
best way were found byhe c>method as L=3.733+(3.76R733)[1+(x/73.42}%]. The
experimental data was normaliziedhe values of fitting curve. The results anewn in Fig.8
by points with error barsThis dependence was sothed by a sliding averaging bliye 26
points method at the ORIGIN 8.5 prograithe result is shownin Fig.8 by the blue curve
which contains the annular variation. This curve was approximated by a siogofu
U( t=)+2.30 10 s i n ( ( 2-310)3 sh&wn by red coloniFig.8.The amplitude of the
functi o2BN0 i 479 Asi@ntioned above, this value was integrated over 26 points
(the 0.5-year period) in the averaging process. A real valueeftmular variation could be
found by multiplying of siismgwes annamplifudewfdtee by
variationequal top =36N 0 . 6.1 1 0

4. Discussion

The results of a monitoring of tA&%Po halflife in the perioduly 2015 Septembe018
presented above show that this parameter undergoesiadiaisidereadaily and lunadaily
variation with the amplitudes As= ( 5. 3 N4, . 1)A=1(04. 2R1 . a7 10
A= ( 4. 8 N2respectivelyOThese values coincide within the errors thitiseobtained
in the ***Po halflife values series. A search for the annular variations irffiRe data is
complicated because of appaaceof a nonperiodicunidirectional deviation of the halife
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values from the averaged orEhe process became no#iablein the May- June 2016 data
timerange The effect could be caused by the electronicaaging

am 1,008 -
3,76
' . . 1006
_ as] 5
) S, 1,004 |-
= 374 P
S o L
£ n & 1002
S S
5 372 5 1o
@
£ an £ o099
£ 370 5
ES T 09%
3,69 0,994
3,68
0992 |-
3,67 : - . . . L I L
0 20 40 60 80 100 120 140 180 0 20 40 60 8 100 120 140 160
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Fig7.Ti me dependence of U o Figs.Ti me dependence ofthd
for the weekly data set (time distance of measuremer bl ack dots. Ti me dvalpes n:
July 9, 2015 September 28, 2018Jrend shape the blue curve. Approximation by function
L=3.733+(3.7003.733)/[1+(x/73.425* i thered curve. U ( =1 # 8. 6l1slion ( ( 2 -319Qiate Jed (

curve.

or someunknownphysicalfactors. A length of the halffe series collected to the present
moment is enough foestimation of therend shapeAnalysis ofthe dependence obtained
from primary data normalizatioto the trend shape shows a presence of the annular variation
with the amplitude) =36N0 . 694. 1 1 0

5. Conclusion

Description of the TAW installation intendedor long-term monitoring ofthe halflife
value T,ofthe®™ s i s pThebotepg?Tend .i s used as a source of
The methods ofmeasurement and processiofy collected dataare reported Solar-daily
variation with amplitude As= ( 5 . 3 N1, .lubardaily Ovariation with amplitude A-
= ( 4. 8 N2andsjdreai@aily variationwith amplitudeAs= ( 4 . 2 N1 weve)fdurid0
from treatmenbf the 622 days datseries (July 20571 March 2017). An averaged value of
the?*Po nuclei decay halffe was found to bequalto T,,=3 . 705 NO . Olfevale. A hal
data set with the week duration step was constructed for the 1177 days measurenféuiytime
201571 September 2018fedures of the halfife time behavior were analyzetihe anular
variationwith theamplitudeA=(3.6N 0 . 6 §wasifé@und.
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Abstract The Transient HigiEnergy Sky and EarlyJniverse Surveyor (THESEUS) is a
mission concept developed in the last ydayrs large European consortium and currently under
study by ESA as one of the three candidates for next M5 mission (launch in R93®tdled in

Amati et al. 2017 [1hnd Strat et al. 2017 [2]THESEUS aims at exploiting higledshift GRBs

for getting unique clues to the early Universe and, being an unprecedentedly powerful machine
for the detection, accurate location (from ~arcmin to ~arcsec) and redshift determination of all
types of GRBs (long, short, ~high undeduminous, ultralong) and many other classes of
transient sources and phenomena, at providing a substantial contribution tenesdénger
time-domain astrophysics. Under these respects, THESEUS will show #fldesynergy with

the large observing facilities of the future, likeEET, TMT, SKA, CTA, ATHENA, in the
electromagnetic domain, as well as with rgeheration gravitationalaves and neutrino
detectors, thus enhancing importantly their scientific retur

Keywords: THESEUS, Gamm#&ay Bursts, Early Universe, Gravitational Waves,
Multi-Messenger Astrophysics

1. Introduction

The main feature of the modern astrophysics is the rapid develbpimewilti-messenger
astronomy. At the same time, relevant opesués still affect our understanding of the
cosmol ogi cal epoch (a fbeawmgni)l laitomwshiyecard raftt e
start illuminating the Universe and-i@nizing the intergalactic medium.

In this context, a substantial contrilmut is expected from th€ransient High Energy Sky
and Early Univese Surveyor (THESEUSH space missh concept developed by a large
European consortium including ltaly, UK, France, Germany, Switzerland, Spain, Poland,
Denmark, Czech Republic, Irelandukbary, Slovenia, ESA, with Lorenzo Am&tNAF,

Italy) as a leagbroposer. In May 208 THESEUS was selected by E$#k a Phase 0/Atudy

as one of the three candidates for theM5 mission within the Cosmic Vision program. End of
Phase A and dowselection to onenission is expected for mig021, mission adoption for

2024 andaunch in 2032Details on the THESEUS science objectivessgiain concept and
expected performances are reported in Amati et al. 2018 [1], Stratta et al. 2018 [2] and on the
THESEUS consortium website [3]. The Proceedings of the THESEUS Workshop 2017, held
at INAFT Osservatorio di Capodimonte in Naples, Italy, @s® available on the internet [4].

The program of the workshop covered such topics as THESEUS mission design and
science objectives, probing the Early Universe with GRBs, rmaégsenger and time domain
astrophysics, the transient high energy sky, gn&ith the next generation large facilities
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(E-ELT, SKA, CTA, ATHENA, GW and neutrino detectors).

2. THESEUS scientific objectives

THESEUS is designed to vastly increabe discovery space of high energy transient
phenomenaver the entirety of cosmiuistory, whose modern concept is presented in Figl.

Cosmic history:
THESEUS and other milestone ESA missions

———— The Big Bang/Wfiation
Time since the

Big Bang (years)
380 Thousand

Planck euisal snd Gansparent

Dark Ages

3
Epo’cholRmonimlion X
%* THESEUS. *
GRBS s o K

Reionization complete

Galaxies and Large.
Scale Structure evolve

EUCLID

Dark Energy
accelerates the
expansion of space

13,7 Bivon

Figl. GammaRay Bursts in theosmologicatontext and the rolef@HESEUS (adapted from a picture by the NASA
/WMAP Science team).

Because of their huge luminosities, mostly emitted in the X and genaysatheir redshift
distribution extending at least to z ~9 and their association with explosive death of massive
stars and star forming regions, GRBs are unigque and powerful todtwéstigating the early
Universe: SFR evolution, physics of -imnization, galaxies metallicity evolution and
luminosity function, first generation (pop Ill) stars.

A statistical sample of higlz GRBs can provide fundamental informatjai

1 measure indegndently the cosmic stdormation rate, even beyond the limits of
current and future galaxy surveys
directly (or indirectly) detect the first population of stars (pog Il1)
the number density and properties of {ovass galaxies (Even JWST and ELTs
surveys will be not able to probe the faint end of the galaxy Luminosity Function at
high redshifts (z8-10));
the neutral hydrogen fractipn
the escape fraction of UV photons from higjlgalaxies

f
f

E ]
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1 the early metallicity of the ISM and IGM and its evolution (@Aldances, HI, dust,
dynamics etc. even for very faint hosts. E.g. GRB 050730: faint host (R>28.5), but
z=3.97, [Fe/H]=2 and low dust, from afterglow spectrum (Chen et al. 2005; Starling
et al. 2005).)

On the other side, a mission capable of substantiahgase the rate of identification and
characterization of high GRBs will also provide a survey of the highergy sky for sof
X-rays to gammaays with an unprecedented combination of wide Field Of View (FOV),
source location accuracy and sensitivigidw 10 keV. This features will give THESEUS the
possibility of providing a substantial contribution also to tidzanain astrophysics, in general,
and in particular to the newly born arapidly growing field of multtmessenger astrophysics.

For instanceTHESEUS will be able to provide detection, accurate location, characterization
and possibly redshift measurement of electromagnetic emission (short GRBs, possible soft
X-ray transient emission, kilonova emission in the +iefaared) from gravitationalave
sources like NSNS or NSBH mergers [2].

Indeed, THESEUSWiIll be an unprecedentedly powerful machine for the detection, accurate
location (from ~arcmin to ~arcsec) and redshift determination of all types of GRBs (long, short,
high-z, undeduminous, ulta-long) and many other classes of transient sources and
phenomena, at providing a substantial contribution to rmdissenger timdomain
astrophysics.

THESEUSO&s capabi kimutimessendgentransienpskyaanbensgmmarized
as follow:

1 Locate and identify the electromagnetic counterparts to sources of gravitational
radiation and neutrinos, which may be rou
by next generation facilities like aLIGO/aVirgo, eLISA, ET, or Km3NET;

1 Providereatimeti gger s and accurate (~1 arcmin wi!t
few minutes) highenergy transients for followp with nextgeneration opticaNIR
(E-ELT, JWST if still operating), radio (SKA), Xays (ATHENA), TeV (CTA)
telescopes; synergy with LSST;

1 Provide a fundamental step forward in the comprehension of the physics of various
classes of transients and fill the present gap in the discovery space of new classes of
transients events

LIGO, Virgo and partners make first detection of gravitational esaand light from
colliding neutron stars.

THESEUS capabilities in #sedirectionsare

1 short GRB detection over large FOV with arcmin localization;

1 Kilonova detection, arcsec localization and characterization;

1 Possible detection of weaker isotropiera§y emission

4. THESEUS mission concept

THESEUS will be capable to achieve the exceptional scientific objectives summarized
above thanks to a smart combination of instrumentation and mission profile. The mission will
carry onboard two large FOV monitor®eering simultaneously a 1sr FOV in the softays
(0.31 5 keV) with unprecedented sensitivity and arcmin location accuracy) and several sr FOV
form 2 keV up to 20 MeV, with additional source location capabilities of a few arcmin from 2
to 30 keV. Once &RB or a transient of intereste is detected by one or both the monitors, the
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TEHSEUS spacecraft will quickly slew to pint, within a few minutes, arbaerd near
infra-red telescope (70 cm class operating from 0.7 to 1.8 micron) to the direction of the
transient, so to catch the fading NIR afterglow or, e.g., kilonova emission, localizing it a 1
arcsec accuracy and measuring its redshift through photometry and moderate resoluton
spectroscopy.

The detailed description GHESEUS can be found in [12] and [3]. The total view is
presented in Fg

XGISs
)

Y
SXls
I Radiators
Radiators for XSls
for XGIS
Fig2z2 THESEUS Satellite Baseline Conyguration and

The main components are described below.
4.1. The Soft X-ray Imager (SXI) is led by UK

Soft X-ray Imager (SXI): a set of fowsengive lobstereye telescopes gbrving in 0.3 5
keV band, total FOV of ~1sr witkource location accuracy 6156 . The appearan
device can be seen in Fig3.

Fig3. Left: the SXI optical elementdiddle: The SVOM MXT lobster eye opéiperture frame. Top right: A schematic
of a single square pore MCP. Bottom right: A micrograph of a square pore MCP showing the pore structure. This plate
has a pore size d = 20 em and a wall thick
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Fig4. The point spread function of the SXI

4.2.The X-Gamma-rays imaging spectrometer (XGIS)i led by IT

X-Gamma rays Imaging Spectrometer (XGIS,): 3 caeaedk Xgamma ray cameras using
bars of Silicon diodes coupled with Csl crystal scintillators observing in 2 kéMMeV band,
a FOV of ~24 sr, overlapping the SXI, wih ~56 source | ocation accur

Fig5. Left: Sketch of the XGIS Unit. Right: Principle of operation of the XGIS detection unitenkrgy Xrays
interact in Silicon, higher energyhotons interact in the scintillator, provitj an energy range covering three orders
of magnitude. A pulse shape discriminator determines if the interawi®nccurred in Si or in the crystal.

3.3. The InfraRed Telescope (IRT) led by FR

ThelnfraRed Telescope (IRT): a 0.7m class IR telescopervlmg inthe 0.71 . 8 em band,
providing a 1OIONJFOV, with both imaging and moderate resolution spectroscopy
capabilities ¥ redshift)

Intrument (consortium)

Intermediate image Plane { o
- Image Pupil Plane  ney cior Focal Pland | o
VF Toloscope / Instrment i
Mi@=028m L ) b et

Coltimator Camera /
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Fig6. The IRT Telescope block diagram concept.
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The THESEUS total field of view is shown in Fig7.

1047
122°

Fig7. Field of view of all instruments

4. The main capabilities of THESEUS

THESEUS will have the ideal combination of instrumentation and mission profile for
detecting all types of GRBs (long, short/hard, weak/soft,-néglshift), localizing them from a
few arcmin down to arsec and measure the redshié farge fraction of tam (Fig. 8).

10000.0 g L y 5 ¥ J :

1000.0

100.0

Ep,obs [keV]

100 -

10 -

0.1 i il i i i
10 10’ 10' 10° 10°

Peak flux [ph/cm’ s]

Fig8. GRB distribution in the peak fltixspectral peak energy fEplane according to most recent population
synthesis models and measurements (see [1] and references therein). For all the shown GRBs TEHSEUS will be able
to provide detectio, accurate location, characterization and measurement of redshift. THegévlow peak flux
region is populated by higledshift GRBs (shown in dark blue, blue, light blue, green, yellow), a population
inaccessible by current facilities, while the higp region highlighted with red points shows the region where most
short GRBs will lay.

In addition the GRB prompt emission, THESEUS will attetect and localize down to
0.5-1 arcmin the soft Xay short/long GRB afterglowsf NSNS (BH) mergers and ahany
classes of galactic and exgalactic transients. For several of these sources, THESEUS/IRT
will provide detection and study of associated NIR emission, location within 1 arcsec and
redshift.

The impact of these measurements faedsling light on thearly Universe with GRB&s
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represented in Fi@, where we show the expected number per year of GRBs detected,
localized and with redshift measurement from THESEUS compared to the present situation
achieved with the main efforts of the Swift, KOAWBND, Fermi/GBM satellites and several
onrground robotic and large telescopes.

Age of the Universe [Gyr]

1346 322 151 091 062 046 036 029 024 020 0.17

1000.0 T T T T T T T
Theseus (High res. spec.)

T'heseus (photometric

100.0 Swift

10.0

Now(>2) [yr']

0 5 10 15 20
Redshift

Fig9. The yearly cumulative distribution of GRBs with redshift determination as a function of the redshift for Swift and
THESEUS We note that these predictions are conservatigmifar as they reproduce the current GRB rate as a
function of redshift. However, with our sensitivity, we can detect a GRB-o1&° erg (corresponding to the median
of the GRB radiated energy distribution) up to z = 12. Indeed, our poor knowletitge ®RB rateSFR connection
does not preclude the existence of a sizable number of GRBs at such high redshifts, in keeping with recent models of
Pop Il stars.

5. GW/multi-messenger and timalomain astrophysics.

As discussed in previous sectio@)V trarsient sources that will be monitoredthe e.m.
domainby THESEUS include:
1 NSNS /NSBH mergers:
o collimated EM emission from short GREsd their afterglows (rate of
O1/yr for 2G GW detectors but up to 20/yr for 3G GW detectors as Einstein
Telescope);
o Optical/NIR and soft Xray isotropic emissions from macronovaé-axis
afterglowsand, for NSNS, from newly born ms magnetar spindown (rate of
GW detectable N®IS or NSBH systems, i.e. dozedsindreds/yr).
1 Core collapse of massive stars: Long GRBSGRBS, ccSNe (much more uncertain
predictions in GW energy output, possible rate of ~1/yr) ;
1 Flares from isolated NSs: Soft Gamma Repeaters (although GW energy content is
~0.01%1% of EM counterpart)
In particular, THESEUS will be able to detect, localiharacterize and measure the
redshift for NSNS / NSBH mergers through the following channels:
91 collimated oraxis and offaxis prompt gammaay emission from short GRBSs;
1 Optical/NIR and soft Xray isotropic emissions from kilonovae, -@fkis afterglows
and, for NSNS, from newly born ms magnetar spindown.
Thus, THESEUS will beautifully complement the capabilities of next generation GW
detectors (e.g., Einstein Telescope, Cosmic Explorer, further advanced LIGO and Virgo,
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KAGRA, etc.) by pomptly and accrately localizing e.m. counterparts to GW signals form
NS-NS and NSBH mergers and measuring their redshift. These combined measurements will
provide unique clues on the nature of the progenitors, on the extreme physics of the emission
and, by exploiting isnultaneous redshift (from e.m. counterpart) and luminosity distance
(form GW signal modeling) of tens of sources, fully exploit multimessenger astrophysics for
cosmology.

6. Time-domain astronomy andGRB physics

The unique capabilities of THESEUS, will also allow to provide relevant contributions to the
more general field of timdomain astronomy and, of course, to GRB science. As a few
examples, THESEUS will provide the astrophysical community with:

1 survey capatities of transient phenomena similar to the Large Synoptic Survey
Telescope (LSST) in the apal: a remarkable scientific sgrgy can be anticipated;

1 substantially increased detection rate and characterization-efwupetic GRBs and
X-Ray Flashes;

1 unprecedented insights in the physics and progenitors of GRBs and their cannectio
with peculiar corecollapse SNe.

7.Conclusions

THESEUS, under study by ESA and a large European collaboration with strong interest by
international partners (e.g., USJll fully exploit GRBs as powerful and unique tools to
investigate the early Universe and will provide us with unprecedented clues to GRB physics
and sukclassesThis missionwill also play a fundamental role for GW/muftiessenger and
time domain astrophyss at the end of next decade, also by providing a flexible fellpw
observatory for fast transient events with muliivelength ToO capabilities and
guestobserver programsTHESEUS observations wilthus impact on several fields of
astrophysics, cosmolggand even fundamental physics and will enhance importantly the
scientific return of next generation multi messenger (aLIGO/aVirgo, LISA, ET, or Km3NET;)
and e.m. facilities (e.g., LSST;HELT, SKA, CTA, ATHENA)

In addition, THESEUSscientific return willinclude significant Observatory Science, e.g.:
study of thousands of faint to bright-rdy sources by exploiting the unique simultaneous
availability of broad band Xay and NIR observationgyroviding a flexible followup
observatory for fast transient ews with multiwavelength ToO capabilities and
guestobserver programs.

We would like to remark thafHESEUS isalsoa unique occasion for fully exploiting the
European leadership in tirdomain and multmessenger astrophysics and in Jemabling
technobgies (lobsteeye telescope SDD by INAF, INFN, FBK, Un.).

In conclusion,THESEUS will be a really unique and superbly capable facility, one that will
do amazing science on its own, but also will add huge value to the currently planned new
photon and mtil-messenger astrophysics infrastructures in the 2020s to > 2030s.
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Abstract From analysis athelight curves observed during outburstdmf-mass Xray binaries

it was found that viscosity parametémhich characterizes the mass transport in the accretion disk

within the framework of the Shakuf@unyaev model, lies in the range of A.2However
simulations of the magnetorotational instabili
this work, we consider an additional source of matter transfer, namely, the wind from the disk
surface. We calculate evolution of the disk taking intamaant the Comptomeated wind, which

can decr eas e patameer dervédurem abdervations. As a result, we obtain the
dependence of U on wind parameters. We show t|
inferred val ueenwdevolliionafthedsle | | as t h

Keywords: Accretion, Accretion Disk, ComptorHeated WindsBlack Hole PhysicsX-Ray
Binary.

1. Introduction

A low massX-ray binary(LMXB) consists of a neutron star or a black hole accreting matter
from the other binary component, which usually fills its Roche lobe. In LMXB systems the
donor is less massive than the compact object, and can be a main sequence star, a degenerate
dwarf, or a red gianfThe brightest part of the system is the accretion dislral the compact
object. The orbital periods of LMXBs range from ten minutes to hundreds of dslyeB%
demonstrate repeating outbursts due to instability of disk or-trexssfer.

The matter, which transfers from the companion star, creates a cool embiebsk.
Accumulation of mass makes the disk temperature to rise. Thus, the temperature in the disk
eventually reaches the value when hydrogen ionizes. The steep temperature dependence of
opacity takes place in this temperature range, causing a theisnals instability within the
disk. During an outburst, gypical LMXB emits almost all of its radiation in-Kays, and
typically less than one percent, in visible light, so LMXBs are among the brightest objects in
the X-ray sky, but relatively faint in visle light.

Currently, about 18 LMXBs with a black hole are known in our Galaxy, identified by bright
X-ray outbursts indicatingapid accretion episodes (see, for example, [1]). These outbursts
last much longer and recur much less frequently than in tyaeg of accreting white dwarfs,
apparently due to the heating of the outer disk bays emitted from the inner areas of the
accretion flow.

It is believed that the magnetotational instability provides the physical mechanism
underlying the angular nmeentum and mass transfer in accretion disks. The effective viscosity
in the di sks, us ual | wiscgsity rpeesoeptiona, rdetermiges thes i n g
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efficiency of this tr an s\soositypatainetendetermipesthes s. P h
viscous time of the accretion flow and, thus, according to the disk instability picture, is
encoded in the decay profile of an outburst light curve. A disk with a higher viscosity, that is,
with higher U, accretes mas slecaytimeiofmgoutburst out bur

Standard model of disk accretion [2] has introduced a dimensionless viscosity parameter
UM p, which characterizes the angular momentum transfer. Analysis of the light curves
observed during LMXB o0 utshruthesrdange ofd~e0ido[3) 4]t r at e s
However, modern-B simulations of the magnetorotational instability give values an order of
magnitudeM&GInigb,i7ler : U

In this work, we consider an additional source of matter and angular momentum transfer,
namely, a thermal wind [8]. In the presence of the wind, the outburst characteristic time
decreases mi micki nvwi stchoes i @ fyf epcatr aanfet lear gefrhUs ,
observed |ight curves would correspond to a ¢

2AiCompheat eddo wi nds

Theoretical models of accretion disks and observational data indicate that emission from the
disk center may irradiate the surface of the outer disk and thus affect the accretion flow. In the
s t a n dneodetlof ddcretion disks, thki sk fAfl ares upod in thicknes
radii, which allows the surface to be exposed to a central source of luminosity.

The heating rate per particle is proportional to the radiation intensity, but at the same time
the cooling rate in thdisk depends on twparticle processes and, therefore, decreases with
density, that is, away from the equatorial plane of the disk. When the density drops to a critical
value, the radiation heating suppresses the cooling, and the gas is heated teragegittre
determined by the interactions between the particles and photons.-fayr Biharies and
guasars, the central radiation is sufficiently hard so that the gas can be heated to temperatures
in excess of 1%, predominantly via the Compton proce8} [

Following [8], let us consider a disk illuminated byrXy or EUV continuum. The disk
thickness is determined by the ratio of the sound speed to the local Keplerian speed. Above this
hydrostatic scale height, the irradiated gas must either be intthbde®eT = T\c , whereTc is
the inverse Compton temperature, or be in the process of heating fGwafthe notion of
escape temperature can be introducedTE G Mgy !/ AhiRdrostatic corona may exist, if
Tc is less that the escape temperatiifés condition is satisfied inside the radius

8 — &aé 0

$

v .

Whel‘eT|C8 = T|C/108 K [8]
Furthermore, in [2], a critical luminosity is proposed:

. ¥ T g T o
] - — — 0 TBToX " U 2)

whereLgqqis the Eddington luminosity. The ratidL., characterizes the effectiveness of the
X-ray luminosity in overcoming gravity.
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2.1. Oscillations

Instability takes place if the wind is driven by emission produced by accretion [9]. This
instability leads tascillationsin the luminosity of the accretion disk, provided that the wind
from the disk is strong enough. If the rate of mass loss due toivind is moderate in
proportion to the central accretion raie then the disk is stable and steady. Butif is
large enough, the flow in the disk is unstable, and the disk settles in the form of periodic
oscillations [9].

3. Model

Theevolution of the accretion disk is described by an equation of diffusion type [9]:

- @0 (3)

whereE i s the surface Histheistoys toogiidy =a(@GMry?éstthe o n d i
specific angular momentum of the accreting malitgiis the mass of compact objeét,is the
function describing the wind action.

Initial and boundary conditions are required for a complete formulation of the problem of
viscous evolution of a diskn the case of accretion onto a black hole, the boundary condition
at the inner boundary of the disk (corresponding to the last stable orbit) is the zerd-tdfque
the accretion disk is truncated by a magnetosphere of a neutron star or a youmngistarnal
boundary condition oF is determined by conditions at the magnetospheric boundary. Thus, in
many cases, the problem has the internal boundary condition of the first kind, that is, a
condition defined on the value of the unknown function. Rerdase of a black hole,

F(hin,t) =0 4)

The external boundary condition is important as well. In a binary system, the angular
momentum is very effectively diverted by tidal forces from the outer boundary of the disk
corresponding td,;. Next, we assume that the mass inflow into the accretion disk proceeds
only through its external boundary. Thus we obtain the boundary condition of the second kind:

— 0 (5)

where d is the rate of matter inflow into the disk. Also we set the initial distribution of the
viscous torque:

F(h,0) = Fo(h) (6)
which necessarily satisfies the boundary conditions.

We consider two types of the wind term in equation (3). In first case, for the fuli¢tion
we take a fitting formula for wind losses per unit area from [10] in the form:

o . 8 e T Y~ T
e ¢ —2T " Qanp p ™Y 7, (7)



28

where & QO Ty is the characteristic mass loss per unit akgais a wind
constant,0 ¢ p T g/sis the initial accretion rate on the compact obpect,= c B'd R
d = o LHete, we set the inflow of matter into the dizsk equal to zero. The initial

condition is chosen as the solution for the accretion disk at an outburst peak following
Lipunova & Shakura [11].

For the wind in the second case, we use a formula $ioigtds et af9]:

O -, 8)

where R, is the accretion disk radiuR,, is the wind launching radius, arik & Ta

In this case, we take the initial condition in the fori® 0 Q "Q , wherea,
& T1 6 anda 10" &/s. Wind exists only foR > R, otherwiseW(h)assumed to
be zero.

— =0
t = 110 days, no wind

60000 1 —— { = 110 days, wind

40000 1

T, gem?

20000 A
04
107 10% 109 1010 10!
R, cm
1.0 A .
no wind
wind
081+ e !
"= 0.61
=
0.4 1
0.2
0 20 40 60 80 100

t, days after peak

Fig 1. Evolutionof accretion disk with and without wind described by equation (7). The initial condition is fixed.
Upper panel: surfag density versus radius. Lowgainel:accretion rate on the central object. Parameters are
Mx = 4tO®ultMr di sk ratfamuk€=Rout = 1.5710
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4. Numerical method

Using an implicit difference scheme, we reduce the solution of differential equation (3) with
the boundary contions described in the previous section to the consequential solution of a
system of algebraic equations at each time step, which is carried out by the sweep method. The
implementation of the described scheme is performed using the prografREB®I [3].
CodeFREDDI calculates the evolution of the disk if it is completely ionized or if the cold
front, beyond which the gas is not ionized, moves towards the center. The code is designed to
simulate soft r ay transientsd | i ghtentaeldecayes with f as

The code was modified to include the wind influence on the accretion disk evolution.

5. Results

For the first type of wind (Eqg. 7), dependences of the surface density on the distance from
the center of the disk were calculated for different moments of time (Fig. 1, the upper panel).
Dependences of the accretion rate on time, both with and withoutinlde are shown in the
lower panel of Fig.1.

Tablel.Mass loss and change of the decay time due to wind

ke 1 wind, 9/S texp days
0 0 94.7
0.1 8.2 10" 92.9
0.3 2.46 10Y 89.6
1 8.2 10 80.6
3 2.46 10'® 62.6
10 8.2 10" 39.6

Table 1 illustrates change of the decay time due to the wind effectkgiiera parameter in
the wind termo X Q  agF“Y , ao 2 106HF is the initial (peak)
accretion rate on the compact objett, is the mass loss duewind, 0 s the time of
the exponential decrease in accretion rate on the central object.

To verify our numerical method, we have compared results of our code with the results
obtained earlier. An analytical solution for the structure of a supesdrdisk with mass loss
by Shakura and Sunyaev [8] was numerically successfully obtained. Also, we have reproduced
the numerical results of the work of Shields et al. [9] for the accretion rate oscillations in the
accretion disk with the Comptemeated wid. For this, we invoke the second type of wind
(Eq.8), which depends on the luminosity (the accretion rate on the central object). The
evolution of the accretion rate is calculated (Fig. 2), which agrees well with the results
presented by [9].
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Fig2. The time dependence of the central accretion rate for an accretion disk witf{&yidepending on the central

luminosity. Here R= 0 . &, d = 1R8. The graph clearly shows the occurrence of oscillations.

6. Conclusion

Comptonheated winds lead to a mass loss from the disk and also remove angular
momentum from it. Mass losses due to the wind can be of the order and sometimes even
greater than the accretion rate onto the central object. Evidently, the winds are véicasigni
for the accretion disk evolution if the mass loss in the wind reaches the order of the windless
accretion rate. At the same time, the disk evolution speeds up remarkably.

We have verified our numerical method using the results of Shields et &ld8]lations
appear if the mass loss in the wind is an increasing function of the accretion rate onto the
central object.

To sum up we note that a study of wind mechanisms is very important for understanding
the timedependent accretion disk behavior.
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Abstract MASTER OT J0337447+723159.0 (SN 2017gpn) was discovered in the error box

of LIGO/Virgo alert G299232. The spectrum of SN 2017gpn is consistent with a Type Ilb
supernova. In this work we present the photometry of 20 epochs of observations performed with
CCD photometer orhe Zeissl000 telescope. The light curves in B and R filters were obtained.
The multicolor light curves were also modeled numerically using thedonensional radiation
hydrodynamical code STELLA.

Keywords: Supernovae: GeneralSupernovae: Individual: S2017gpni Stars: Evolution

1. Introduction

During follow~up inspection of the error box of the LIGO/Virgo alert G299232 on 2017
August 27.017, MASTER Global Robotic Net [7] discovered an optical transient named
MASTER OT J033744.97+723159.0 [9], [10]. @017 September 6, M. Caimmi reported the
discovery of a supernova with the O-.@4telescope from Valdicerro Observatory [4]. The
supernova received the IAU designation Z017gpn and was identified as MASTER OT
J033744.97+723159.0.

On 2017 August 29, the spectrum of MASTER OT J033744.97+723159.0 was obtained
with the Xinglong 2.16m telescope of National Astronomical Observatory of China [11]. The
object was classified as Type Ilb Supernova (SN) by eros®lating with a library o$pectra
(SNID, [3]). The spectra of SN IIb display hydrogen features at early phases with no evidence
of helium. Helium features appear after about two weeks and they become stronger with time
as the hydrogen features weaken rapidly. SN IIb has beensgw@s an intermediate step
between SN Il and SN Ib [5]. The IIb Type supernovae arise from stars that have lost most of
their hydrogen envelope because of powerful stellar winds or by interaction with a binary
companion.
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2. Observation and Data Reduction

We performed 20 epochs of observations (B and R filters) with -p@ometer on the
Zeiss1000 telescope of the Special Astrophysical Observatory of the Russian Academy of
Sciences.

All data wereprocessed using the MIDAS software package of the EuroBeathern
Observatory (ESO)It includes standartmage processing such bis subtraction and flat
field correction, removing the traces of cosmic particles, and stacking of individual frames into
the summary imagéut we did not make dark reductionitsinfluence was negligibly small.

The lineof-si ght reddening is adopted to be E(B 1
locatedin y¥0.039 degree& 20 kpc) from the center of the potential host galaxy NGC1343, so
t he gal axyés negliginld. ami nati on i s

Figl. The image of SN 2017gpn and its host galaxy obtained with thelD€i8gelescope of SAO RAS.

3. Light curves

We performed the aperture photometry using standard procedures 9fIESS software
packagewith an aperture diameter afdr times the full width at hatihaximum. The FWHM
was measured for point sources at each epoch.

Since no Landolt or any other standard stars were available for this region, we used the
PanrSTARRS magnitudes for comparison stars. The magnitudes of ceopastars were
recal cul ated from g, r, i to B, R with use
modeling (see Sec. 4) the obtained light curves were also combined with publicly available
data in B and R filters from the PIRATE robotic telescf§jeThe final light curves are shown
in Fig. 2.
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Fig2. The results of modeling of SN 2017gpn (points are our data and crosses are the data tafe}) floor
bestfit model is shown by solid lines (M =3.58M R=50 R, E = °“terg2Mslki= 010 Ms , mixed. For
comparison the model with R = 463" (Mssni= 0.11 Ms , no mixing) is presented

3. Hydrodynamical Modeling

The numerical light curve modeling is performed with the-dimeensional multifrequency
radiation hydrodynamical code STELLAhe full description of the code can be found in
Blinnikov et al. [1], [2]; a public version of STELLA is also included with the MESA
distribution [8].

In the current calculations we adopted 100 zones for the Lagrangian coordinate and 130
frequency binsThe main parameters we varied, were thegugernova star mass and radius,
the energy of the explosion, the mass of synthesized nitieland the mass of the resulting
compact remnant. The compact remnant mass in the central part of-twgpraovatar with
a fixed radius is treated as a pélike source of gravity that has a nangligible influence on
the expansion of the innermost layers of supernova ejecta. The ejecta of a supernova has the
same chemical composition as a-Sifé¢ star except foNi since STELLA does not calculate
nucleosynthesis. The explosion is initiated by putting thermal energy into the innermost layers.

Our bestfit numerical model is shown by solid line in FB The parameters of the model
are: preSN mass M = 3.5 M preSN radius R = 50 R mass of hydrogen envelope
Menw=0.06 M. The expl osi on %ere Thg §.11iMof *°Hiistotally. 2 T
mixed through the ejecta. The compact remnaatligiM; neutron star. The parameters we
foundto beconsistent ith the results of hydrodynamical modeling of other typical Type Ilb
supernovae.

4. Discussion andConclusiorns

Varying the model parameterfhe parameters we found are consistent with the results of
hydrodynamical modeling of other typical Type llb supernovae. However, in different
hydrodynamical models of SN Ilb there is some variance in radius eSNgretar (from
30-50Rs to 700Rs, e.g.,[1], [6], [13]). To check if it is possible to reproduce the observed

1
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light curves of SN 2017gpn with a model of higher radius, we changed the radius in diir best
model to R = 400 Rand variated the degree ¥Ni mixing. By putting all the’®Ni in the

central part of ejecta, we were able to nearly reproduce the observed light curves (Fig. 2). This
stresses the importance®3li mixing in such kind of studies.
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Fig3. The classical light curves of Type llb supernovae in B and R filters. The SN 2017gpn light curve is one of the
brightest SNe llb, its light curve behavior is similar to the others.

Comparison with other SNe |IWe also compared the resulting light cumigh other
classical and welstudied supernovae llb light curves in B and R filters, this comparison is
shown in Fig. 3. The shape of the light curve of SN 2017gpn is similar to the other typical SNe
IIb light curves Nevertheless, we noticed an interegtfeature: SN 2017gpn is located rather
far from its host galaxy, while the others are mainly exploded in spiral arms of theifdessts
Fig. 4).

SN 2011hs SN 19931, %
. .

« SN2011dh SN 2016gke

Fig4. The location of classical Type Ilb supernovae in their host galaxies.

Connection with GVelert. By adopting the date of explosion from the models (Aug 20 for
our bestfit model and Aug 16 for the model with R = 40Q )Rwe can conclude that
SN 2017gpn is unlikely to be connected to the LIGO/Virgo G299232 alert.
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We obtained the multicolor light curve combining photometric data from 2€i86
telescope of SAO RAS and the available data from the PIRATE telescope [9]. The light curves
in B and R filters were modeled numerically using the -dimeensional radiation
hydrodynamical code STELLAWe determined the values of the main parameters of the
presupernova star, and these values are consistent with the results of hydrodynamical
modeling of other typical Type Ilb supernovae.
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Abstract We observed the PSR J1023+0038 millisecond redback pulsar in its accreting regime

on two nights in Nov 201@n Russian 6n telescope with a high temporal resolution panoramic
photometepolarimeter intwec ha nn e | (Ablued and fAredo) setup.
hours of total observations, we detected coherent optical pulsations in both color bands with
1.69ms period, corresponding to the rotational period of neutron star known from radio data,

wi t h amplitudes of 2.1% (Aredo) and 1.3% (A
component is about $berg/s and may be caused by a synchrotron emissiefectrons with

moderate Lorentz factors close to a light cylinder during the interaction of accretion disk with
ejected matter modulated with rotational period.

Keywords: Neutron StarsAccretion ProcesseMillisecond PulsarsHigh Temporal Resolution

1. Introduction

The first millisecond radio pulsar PSR B1937+21 was discovered in 1982 [1], and its nature
was immediately explained in view of the concept of neutron star rotation-apekding the
accretion of matter from a companion star in a compietry system [2]. However, the first
direct confirmation of this model came much later, after discovery in 1998 of a SAX
J1808.43658 spinningup pulsar in a lownass binary system [3]. Finally, three systems were
found to contain a neutron star trangifitg from accetion to ejection stage$
PSR11023+0038 [4], X®BSR12282u#48892]5]6]. Thi
(and mysterious!) is a 1.69 ms period PSR J1023+0038 puldse component of FIRST
J102347.6+003841 binary, initially thouglbtbe a cataclysmic variable detected by its radio
emission [7]. To date, it was teg@ observed switching the stag&om accretion to ejection in
2003 [4] and back to accretdloim daom@RaOclt3 Hi8dar
4.75hour perial, containing a 0.2 B G class normal component overflowing its Roche lobe,
at a 1.37 kpc distance frotime Earth [9]. X-ray and gammaay observations demonstrated the
intensity variations with orbital period, interpreted as a manifestation of a shoek ata
collision region between pulsar wind and accreting matter [10]. Moreoverthg &mission
was found to consist of three separate statigh (7 16 erg/s), low (16 erg/s) and flaring
(10* erg/s) with intensity variations on tens of secotidse scale, with state switching
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occurring rapidly and sporadically [£]14]. Coherent Xray pulsations with neutron star
rotational period of 1.69 ms are detectable only in high state [16], in contrast to the
optical ones which was detected in ity state too [16][17]. In optical and infrared bands
PSRJ1023+0038 also displays sporadic activity on seconds to hours time sc/d211.8
The minimal variability time scale of optical emission is as fast as fractions of secohds [22
[23], which B close to the characteristic time scales of variability due to matter fragmentation
in propeller regime in MHD simulations [24]. The discovery of coherent optical pulsations
synchronous with Xay ones and having a characteristic double sinusoidal fhdge sluring
the accretion stage was an extremely important and unexpected resul{126]Jt was
suggested that these mulavelength pulsations may be caused by a synchrotron emission of
electrons in the region of collision of pulsar wind with acorefiow [16].

In the present work we report on detection of periodic pulsations on neutron star rotation
time scale simultaneously in two optical bands during our observations with the Rugsian 6
telescope in Nov 2017, and discuss its nature.

2. Observaions and results

We observed the PSR J1023+0038 millisecond pulsar, which is currently in accretion stage,
on Nov 14 and 15, 2017, with the Russianm®6 telescope using a panoramic
photometeipolarimeter in the duathannel regime, using two M@&ased panamic photon
counters (the firedd one with the GaAs photoc:
Abl ued one -akalitphotodathoele om 453qAieffective wavelength) to detect and
register al | phot ons i n a 12bpjTolaDchjrationich p hr a g
observations was about 3 hours (1 hour at the first night, 2 hours at the second night), effective
temporal resolution was 1 us. The times of arrival of every photon were converted to the Solar
system barycenter, and then corredtedhe orbital motion in the object binary system using
the timing solution published in [26], adjusting the epoch of ascending node by 25.6 seconds
by maximizing the phask o | d“iamalggoues to the method using in [16], [27].

Time-resolved spectral alyis of the corrected data revealed a single 400 seconds long
interval with significant the peak significance is better than “f oscillations around
rotational frequency of a neutron star. All other data intervals lack any peak there.
Time-resolved phase folding using timing solution from [26] also revealsitigle pulsed
activity interval only (see Figure, Figure2 and Figure3).

Figure 4 shows the phase folded light curves in bothucdlands over this time interval.
The shape of folded light curvésnearly sinusoidal, in contrast with a typeak one seen by
[16], [17], [27]. Amplitudes of the pulsations after correction for the background flux
contribution aredz=2.1% inthefir e d 6 ¢ hAg=1.8% ihtheA b due 0 bAFARHE , wi t h
0.61 (0.37G 0.878 for 95% confidence interval), which, according to the optical spectirum
the object [16] and the throughput curves of channels, corresponds to absolute fluxes
Fe=146N3 Br6BN2. 6 mi croJansky. Therefore, for a o
the optical luminosity of pulsed component is abodt &6y/s with araccuracy of about 30%.
Assuming the power law spectrifig~ ®8 or a pul sed comp@Aiedit, its
for the 95% confidence interval).
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Observations started at 2017-11-15 00:54:19 UT
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3. Discussion and conclusions

In contrast to the results of other studies [16], [17], [27], tidel light curve in our
observations tends to have a singémked, nearly sinusoidal shape. It is quite similar to the
X-ray light curves of isolated radio pulsars, where the pulsations are driven by a relatively
uniform thermal emission from polar capsated by a flow of relativistic particles [28].
However, the estimate for brightness temperature corresponding to the peak fluxes in the
pulses of PSR J1023+0038Tis> 10"'F, D32 (F& i A’K, whereF, is a flux density in
Janskysp is the objet distance in kpc,3 is the frequency in units of ¥0Hz, andUis the
characteristic time scale of a flux onset in milliseconds. Such large temperatures practically
exclude the thermal origin of a pulsed emission, and suggests ttikararal (synchrotron?)
one [29]. On the other hand, [16] and [17] demonstratechthage, about ferg/s, optical
pul sed emi ssion canét be explained in neith:¢
nor as a result of conversion of rotational energy. Finally, [17] suggested the generation of a
two-peaked optical and-Xay emission as a result of collision of a pulsar wind with accretion
disk, which leads to a shock wave formation and electron acceleration, and, consecutively, to
synchrotron emission in a wide range of frequencies due to the motion of accelerated electrons
in magnetic fields.

The coherent pulsations we see in our data are significantly different from those reported in
[16], [17]. While having approximately the same position inside the binary (according to the
time of passage of ascending node) and havingacable amplitudes of-2%, our phased
light curve has a nearly sinusoidal singkeak shape, and the spectral slope of pulsed
component (b~3.7) i swanuelhe rsptffi~e%y & h@eadift hze mu
high mode [16 where the optical gint was obtained in the white lighThe lack of
simultaneous Xay data does not allow estimation ofray activity mode during our
observations, but the interval of coherent optical pulsations (see Figure 2) is coincident with
strong sporadic flaring eénts on a time scale of seconds to tens of seconds, especially evident
i n the A BHelatted and astrahg time correlation between the optical aray X
flaring modes found in [16inotivateus to suppose that the system was likely infidueng
mode in Xrays as wellThis may explain the differences in the spectral slope and the pulse
shape. Indeed, the foldedrdy light curve in thdlaring mode also shows pulsations with a
quasisi nusoi dal pul se shape above ifiGned,datMs [ 12] .
remarkably different from the clear douljeaked pulse profile in the high mode while it
appears to be similar to what we see in the flaring optical state with much higher significance.

We suggest that the properties of coherent optio@son of PSR J1023+0038 we detected
may be explained by synchrotron emission of relativistic electrons moving in a chaotic
magnetic field just outside the light cylinder. These particles are accelerated in the current
sheets during the reconnections @fgnetic field lines in an outflow formed due to interaction
of accretion disk with pulsar magnetosphere
this outflow are modulated with rotational period of neutron star, which causes the variations
of the ynchrotron emission with the same period. We may estimate the parameters of emission
region in the following way. B*He, syachratrbrar a c t ¢
energy |l oss timescale shorter t hborentbfac5 of
9<50 and B Gauss whihlislconsistent with magnetic field strength close to the
light cylinder). The single electron luminosity is L ~ 0.1 erg/s, which, for the pulsed
component luminosity of Fderg/s, gives the number of etiig particles of 1&. As the size
of emission regi oltmithe elestromdensiyis nt-feanh MU ~ 10

The results of MHD simulations of accretion/ejection processes onto neutron stars have
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demonstrated that the process is highly-stationary, and various parameténsatter density,

outflow velocity and inhomogeneity, its luminosity, the structure and strength of magnetic
fields i are strongly varying. However, our estimations do not contradict the values of
parameters emerging in $e& simulations. On the other hand, the combination of parameters
necessary for generation of coherent optical pulsations may happen sporadically. For example,
when the density exceeds some threshold [30], the medium becomes opaque to a synchrotron
radiatin, and its intensity drops significantly. That may explain why the pulsations are
detectable during thitaring modei the chances to get a necessary combination of parameters
are higher.

Finally, |l etds stress the i ocpleratianafrelectron® f ma g
that produce the observed optical emission. It seems that only this mechanism may lead to the
formation of ensemble of electrons with such soft energetic spectrum, with the slope close to
-8 [31] (which is necessary for generatiof synchrotron spech.rum wit'Hh

Finally, our detection of the coherent optical pulsations with characteristics significantly
different from those seen in [16], [17], [27] highlights the complex andstationary nature
of the processescourring in a binary system containing the transitional millisecond pulsar
PSR J1023+0038.
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Abstract We briefly report on detection of the first electromagnetic counterpart for GW 170817A.
Thanks to it, the new Era of Gravitational Wave Astronomy has just been opened in 2017.

Keywords: Gravitational Wave, Shoduration Gammdray Bursts, Multimessengeiskonomy

1. Introduction

The detection of gravitational waves (GWs) from a coalescing black hole binary system has
been one of the major discoveries in this 21st century (Abbott et al. 2016) and will become
more common from high energy celestial sourcesmc explosions and astrophysical
transients when a worldwide network of advanced versions of gioased GW
interferometers will become operational within theginency range frorh0 Hz to a few kHz
within the coming years. Furthermore, the recent diete®f the first GW counterpart at
electromagetic wavelengths (GW70817) opened the new era of multessenger
Astronomy in 2017. For the first time, this shed ligint three open issues that remained
obscure until that time: 1) electromagnetic courdeipcan be detected for at least a fraction
of GW alerts related to neutron stars (NS) mergers (Abbott et al. 2017 and references therein);
2) short duration gammiay bursts arise in these NN&S mergers (see for instance Zhang et al.
2018) and 3) heavyl@ments (heavier than Fe) are produced in this sites due teptbeeass
nucleosynthesis (Pian et al. 2017

2. Observational facts

Besides these supgerdiscoveriesreported in 20187 representing the firssingle
accomplished direct tesf general reltvity, the detection of GWs allows fmobe the inner
regions of many astrophysical phenomena that are othermaseéssible to investigation and
provide unique inforration on their emitters such #s two black holes (BH) merger for
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GRB150914 orthe NSNS merger ér the GW170817. Other promisg GW emitter
candidates are the mergers of binaystems hosting tw neutron stars or a NBH
(Belczynski et al. 2008; Berger 2014) if they occur in libeal Universe. The frequency of
neutron star mergeis estimated at 40 per year within 200 Mpc (Abadit al. 2010; Singer et
al. 2014; Kasliwal & Nissank2014).

The multrwavelengtiimagingof a GW source is madextremely arduous by the sizithe
error areas expected to be returned leyitterferometersThese are dozens to hundreds of
squaredegrees, and only camenaih very large fields of viewean cover entirely in one shot
or with a small number dfled pointings.

The monitoring of theconfirmed NS-NS counterparts from early to late tin® most
esential, in order tgroperly sample theightcurve and especially, mdai the evolving
spectra. An NSNS merger, accopanied by a short BB first, and the emergencesifcalled
kilonova emission after, is expected to &ecompanied by pduction of heay r-process
elements (Barnes & Ksen 2013; Bauswein et al. 20183 seen in GW17081and this
translates into a traent signal that should peak hours after explosi@naxpected optical
absolute magnitude M= 17, anddecrease thereafter with a timake set by the diffusictime:
the decline is fasr for lower ejecta masses amdher energies.

Figl. Left: The NGC 4993 galaxy at 40 Mpc including the optical counterpart to GW170817 following the
shortduration gammaay burst GRB 170817A/ Righhé spectroscopic monitoring revealing the macronova
(dubbed AT2017gfo) evolution for the first 11 days. From these observations, the existencemiciesr
nucleosynthesis was inferred. As the ejecta expands, broad absdilgitines appear on thepectral continuum,
including atomic species produced by nucleosynthesis that occurs in thegrgst fastmoving dynamical ejecta
and in two slower (0.05 times light speed) wind regions. Comparison with spectral models suggests that the merger
ejected D3 to 0.05 solar masses of material, including high opacity lanthanides. Adapted from Pian et al. (including
CastroTirado) 2017.

The evolving spectr complementedy NIR observions to properly model the kilonova
RayleighJeanstail) is of utmost impdrance in order to search for thenthaniderich or
lanthanidefree ejecta which may h@resent in heavy element producti@ther candidates for
GW in the range of frequenes accessible to ground basetbiferometers include aldong
GRBs (Corsi &leszaros 2009), cotenllapse supernovae (Ott et al. 2012; Muller et al. 2012),
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newly born magnetars (Stelaal. 2005; Dall Gso et al. 2009), and magnet@srsi & Owen
2011; Abadie et al. 2011).

Fig22.NGC4 993 ( 1 2-babdsfilter) ®ds maged by the 10.4m GTC on 19 Jan 2018\orbhsagfter the
occurrence of GW 170817A. Left: the location of theN$Smerger (the green circle) is shown. Right: the image has
been processed to show the differe¢eliat shells around the galaxy. Adapter from Pandey, Hu, Castaxlo et al.

(2019).

3. Conclusions

The new Era of Gravitational Wave Astronomy has just been opened. With the advent of the
forthcoming advanced LIG®IRGO Observing Run 3 (O3) in Apr 201the numbers of GW
alerts will significantly increase. Coordinated multiwavelength efforts will shed light into the
physics of compact objects mergers in the Universe.
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Abstract One of the goals of the BSUIN project is to propose standard methods for the
characterization of underground laboratories (UL). We have proposed scheme for thermal neutron
flux measurement: simple and lesgst but stilivery reliable. A pilot measurements were made in
mines in Freiberg (Germany) and Pyhasalmi (Finland). This work is still in progress, the final
stage of the BSUIN project is planned for 2020.
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1. Introduction

The Baltic Sea Underground Innovation Network (BSUIN) projgFis aimed at making
the underground laboratories in the Baltic Sea region more accessible for innovation, business
development and smnce by improving information about the underground laboratories, the
operation, user experiences and safety. Potential beneficiaries of the project are various types
of underground physics, such as neutrino measurements or dark matter searching. The BSUI
consortium comprises 14 members from eight Baltic Sea countries. Six underground labs are
looking for new collaboration in the project. BSUIN is EU funded as a part of INTERREG
Baltic Sea program [2].

The main topic of BSUIN Work Package WP2 (Charaction of Underground
Laboratories) is the development of a standard for the characterization of underground
laboratories. As part of WP2, National Centre for Nuclear Research (NCBJ, Poland) is the
leader of activity WP2.2 (Natural radioactive backgroundratterization). Therefore, we
proposed a scheme for measuring the neutron background, built a test setup and carried out
pilot measurements.

2. Minimal setup for thermal neutron flux measurements

We decided to consider what the simplest setup for thdhmameasurements should be. It
is obvious that a setup containing many counters and sophisticated measuring electronics will
give more reliable results than a smaller and simpler one, but in many cases it will be overkill,
unnecessarily raising the comyily and cost of the measurement. We would like to propose a
setup as simple as possible, but still able to measure thermal neutron flux in underground
laboratories with sufficient reliability. In our opinion, the setup should have the following
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features:
1 to consist of at least two counters, so that the measurement uncertainty can be

determined by comparing the results;
the method of distinguishing real neutron recording from noise should exist;
the presence of the operator during the measurements shoblel mecessary, which
will make very longterm measurements easier.

So we built a test setup consisting of two helium counters and a simple data acquisition
system.

f
f

2.1. Helium counter

In our implementation, we used two proportional helium counters of ZPpaJ
NEM425A50.

The counter is made of a 50 cm long steel tube of diameter of 2.5 cm and is filled with
helium3 under pressure of 4 atm. and natural krypton under pressure of 0.5 atm.

This type of counter is a standard gas proportional counter, bdtiith helium3, which
is a noble gas with high cross section for thermal neutrons capture. Charged products of the
capture reactioriHe(n,pfH poses 764 keV of released energy and are recorded by the
proportional counter in the normal way. Therefore ampldaode spectrum recorded by the
counter has a characteristic shape with a peak corresponding to 764 keV energy and a tail of
smaller amplitudes for cases when one of the reaction products escaped from the active
vol ume {iatl & € da A sva lekampdefof amplitude)spectrdmm obtained with a
relatively large flux of thermal neutrons is shown in Figure 1.

= - T UL L B ]
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10° 1 _overflow
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Figl. Amplitude spectrum measured by the helium counter with an artificial neutron source. The 764 keV peak with
tail is clearly visible.

2.2. Data acquisition system

The helium counter is a brilliant tool for neutron flux measuring because the distinction
between neutrons and background signals is easy: you only need to recognize the 764 keV
peak, so all you need is an amplitude spectrunt.iBunderground laboratories the neutrons
flux from natural sources is usually very low, so noises negligible in normal conditions can
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distort completely the shape of the spectrum. This is the reason why thaipafeeanalysis is
necessary.

Our data aquisition system has been designed to save oscillodik@peraveforms for all
received signals. For each counter we use a simple device with a single channel ADC
controlled by a microcontroller. The ADC samples the signal every 700ns, and after thie trigg
keeps 50 samples of the waveform. Every device is independent aiggelfed, powered
and control by a PC computer via the USB port. Example waveform recorded for neutron is
shown in Figure 2.

250 R ARAAA LA RS Ll i LAAEE R

ADC

200 -
150 =
100}

50

0 5 10 15 20 25 30 35 40 45 50
time [x 700 ns]

Fig2. An example of waveform registered for neutron

2.3. Remote control

Because the setup consists of only two helium counters, data acquisition time must be
relatively long (several weeks)Such long presence of an operator would be very expensive
so this forces the construction of the setup as remoteltrolled. The setup of the main PC
computer can be fully controlled via Internet using the ssh client or open source remote

desktop program fiRemminao[ 4]. PC can be turne

Airtcwakeo, addit i BOpawelsypply dofiguratios, resepof a8l deeices a |
powered by USB is possible.

3. Data analysis

In our case data analysis was aimed at distinguishing neutrons from other signals recorded
by helium counters. These fedgoupsr signal s: 0o
1 normal electronics noisk this type dominates at low amplitudes, but its intensity
decreases exponentially with the increase in amplitude, so it rarely appears in the area

of 764 keV peak. The electronics noise intensity depends on the qfaliy used
electronics.

T alpha particles fr ©heluncaumer gartsécentain natuelr n a |

radioactive isotopes that emit alpha particles. These particles travel random lengths

C

f
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before they reach the active volume of the counter, whiclwhig the recorded
amplitude spectrum has a flat shape (shown in Figure 1). The shape of alpha signal is
exactly the same as neutron signal, but alpha spectrum can be easily studied for
amplitudes greater than the 764 keV peak and subtracted from thenrsagcdrum.

1 highvol t age i fhis fygercimefrom the current flow on the surface of
insulators in the high voltage connectors. Recorded pulses can have any kind of
amplitude, so they mimic neutrons. Fortunately, the rise time for "sparks" is much
shorter than foneutrons, so these two cases can be distinguished by pulse shape

analysis.

A useful tool for pulse shape analyzing isthedvdo mensi on hi stogram fr
imaxi mum pul se amplitudeodo shown in Figure 3
is shown instead of Arise timed, but these t
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Fig3. Two di mension histogram fAirise timed versus A

The points in the histogram are arranged in a few distinct groups.
1 The vertical band for amplitudes siealthan ~45 ADC corresponds to the normal
electronics noise.
1 The horizontal band for rise time smaller than ~29 ticks of time corresponds to high
voltage fAsparkso.
1 The remained vertical band with a clear stain at ~120 ADC and ~35 ticks of time
corresponds$o neutrons and alphas. The stain corresponds to peak 764 keV.
The i mpact of rejection of O6sparksodé on the
Analysis like this allows us to determine the true frequency of neutron counts in the counters
and aftecomparing with the MC simulation, determine the neutron flux.
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counts/channel

0 50 100 150 200 250 300
max [ADC]

Fig4. Amplitude spectrum registered in Freiberg mine in Saxony (Germany) after 45.5 days of data acquisition . The
red line marks the raw spectrum, the green linespectrum after subtractin of fispar ks o.

4. Pilot measurements

To test the setup we have carried out measurements of the neutron flux in two mines: in
Freiberg, Saxony (Germany) and in Pyhasalmi (Finland). These preliminary tests have shown
that the setup is a useful tool for medsg neutron flux in the underground, but requires
improvements and further tests.

4.1. Freiberg
Measurements were carried out-2t5 0 m, in the network server
Zecheo shaft. The room was aboiing 3x3x3 m, bri

The measurements were divided into two phases. In the first phase the setup consisted of
two bare helium counters (as described above), and the measured results were used to
determine the neutron flux. The registered amplitude spectrum for one abtinters is
shown in Fig4, the thermal neutron flux calculated from the measurement results is equal to
(3. 1N ®em?8) A10

It is a rathethigh flux, but Reiche Zeche is an old silver mine, so a high level of natural
radioactivity is expected. Th&dt phase setup is shown in the Figure 5 on left panel.

Fig5. Setup used in Freiberg (Germany) in Reiche Zeche shaft Left: Bare counters for the first phase measurements.
Right: Counters in borax shield for the second phase measurements.
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In the second phase of measurementss#tepfrom the first phase was surrounded by a
cover made of polyethylene bottles filled with technical borax. The shield decreased the
neutron flux reaching the setup due to neutron capture by Héraontained in borax. The
second phase setup is shown inléfepanel of Figure 5.

The second phase watestof the setup and the analysis method: the rate of neutron counts
should decrease, but the rate of internal alpha particle rate should not. The measurement lasted
30 days and confirmed that the apparaugorking properly. The comparison of the first and
second phase results is shown in Figure 6.

counts / month
2 2
T T 17T Hl\l

-
o

I PSR BRI B | I
50 100 150 200 250 300
max [ADC]

Fig6. Results obtained in Freibef§sermany) in Reiche Zeche shaft. Comparison of the first (the blue line) and
second (the red line) phase amplitude spant

4.2. Pyhasalmi

Measurements we@rriedout at-1444 m, in a special laboratory hall. The data acquisition
system was similar to that used in Freiberg (with several improvements), but in this case the
setup consisted of 10 bare helium counters. Tata dollection time was only about a week,
which was enough due to the relatively high counting rate. Thermal neutron flux is probably
10 times greater than flux in Freiberg, but the data analysis is still in progress. The setup used
in Pyhasalmi is showim Figure 7.

Fig7. The ®tup used in Pyhasalmi (Finland)
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5. Conclusion

As a part of the BSUIN project we have proposed a simple anddstvbut still very
reliable scheme for thermal neutron flux measurement. Pilot measurements were made in
minesin Freiberg (Germany) and Pyhasalmi (Finland). This work is still in progress, the final
stage of the BSUIN project is planned for the year 2020.
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Abstract Three compact steegpectrum sources (CSSs) have been detected Hyemai/LAT.

We collected their broadband SEDs from the literature and compared with two typical blazars,
one BL Lacertae (BL Lac) and one flat spectrum radio quasar (FSRQ). The morphology of the
broadband SEDfor the three CSSs is more analogous to FSRQs thahaBs. However, the
multiband spectrum fitting may offer a complementary diagnostic clue of gammaray
emission production mechanisms and jet properties.

Keywords: Galaxies: Active, Galaxies: JeRadio Continuum: Galaxies, Gamma Rays: Galaxies

1. Introduction

So far, most confirmed extragalactic gamrag emission sources are blazars (Ackermann
et al. 2015), for which the broadband spectral energy distributions (SEDs) are dominated by
the jetemission and the jet direction points to the Earth. Blazars are divided into BL Lacertae
(BL Lac) objects and flat spectrum radio quasars (FSRQs) according to their spectral features
in the optical band. Generally, the observed SEDs of blazars are biamati@lan be well
explained by the ongone leptonic models; the synchrotron radiation and the inverse Compton
(IC) scattering of relativistic electrons in the jets (Maraschi et al. 1992; Ghisellini et al.1996;
Sikora et al.2009; Zhang et al. 2012, 2014,501

Besides blazars, some other kinds of active galactic nuclei (AGNs) have also been detected
by theFermiLAT, such as radio galaxies (RGs) and narime Seyfert 1 (NLS1) galaxies
(Ackermann et al. 2015). For both of them, the detected gamyamission is also thought to
be from the jet radiation. The SEDs of the GeV NLS1s are similar to blazars and wafl b
represented with the ormone leptonic model. The jet properties of the GeV NLS1 galaxies are
intermediate between FSRQ jets and BL Lac jets, but more analogous to FSRQ jets (Sun et al.
2015). According to the unification models for radio loud (RGNs, BL Lacs are associated
with FR | RGs, whereas FSRQs are usually linked with FR Il RGs (Urry & Padovani 1995),
i.e., RGs are the parent populations of blazars with large viewing angles and small Doppler
factors. Although a more complex model with mpegameters may produce a better fit to the
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SEDs of some RGs (e.g., Tavecchio & Ghisellini 2014), thezome leptonic model is also
used to reproduce the SEDs of RGs by many authors (Abdo et al. 2009a; Migliori et al. 2011,
Fukazawa et al. 2015; Xue dt 2017).

Another class of RL AGN, known as compact steppctrum sources (CSSs), is also
detected in the GeV band yermiLAT. The radio morphology of CSSs is typically
characterized by fully developed radio lobes and by a small linear size (< 15 kpe; O6 De a
1998 for a review). CSS is thought to be the first stage in the evolution of large extragalactic
radio sources (e.g., Migliori et al. 2014). The radiation mechanisms and origin of the
gammaray emission are useful to study many aspects of theigghgf CSSs. Comparisons of
broadband emission between CSSs with blazars may help to reveal the intrinsic connections
among different RL AGNSs.

2. The gammaray Emission CSSs

3C 286also named B1328+307, at redshift of z = 0.849 (Cohen et al. 1977) eEpaatlio
spectrum with &a-06p(&e t)rbetweenilnd dnel 50 Goi withla turnover
at about 300 MHz, below which it is flat till ~75 MHz (An et al. 2017). The source displays a
primary core and a second lobe ~2.6 arcsec (19.4 kpcg woththwest (Spencer et al. 1989;
An et al. 2017). The radio emission at 15 GHz of this source is rather stable and no significant
variation is observed in the past 10 years. The high polarization of the source has been detected
in the radio band (Akujo& Garrington 1995). A compact bright nucleus associated with the
radio core is also detected by the Hubble Space Telescope (deVries et al. 1997). Two compact
components in the inner 4@as region with comparable flux densities are resolved with the
Very Long Baseline Interferometry (VLBI) and the more compact component showing an
inverted spectrum with a turnover between 5 and 8 GHz may infer the core (An et al. 2017). A
j et speed of ~0.5¢c and an inclination angl e
spectrum observed with the SDB®SS clearly indicates that 3C 286 can be classified as a
NLS1 (Berton et al. 2017). The source was detected in the 100 MENGeV energy range by
FermiLAT (Ackermann et al. 2015).

4C+15.05also known as NRAO 91 and PK202+14. On the basisof [@] 3727 and
[Nel] 23833 lines, the source was estimated to
a smaller redshift of z = 0.405 is reported by Perlman et al. (1998). Recently, Jones et al. (2018)
suggested thahe neutral hydrogen absorption feature of this source agrees very well with the
value of z = 0.833. T=h0e33 lmetveen 408 plldzcta & GHz isi n d e x
reported by (Herbig & Readhead 1992). This source displays a structure of a core dad doub
lobes with a total projected size of ~1.3 kpc. A ej@testructure at pscale extends the
projected size of ~25 pc at a position angle perpendicular to theclpe structure (An et al.
2016). Different from 3C 286, the significant apparent superiammotion of ~16c g
detected (An et al. 2016). 4T5.05 has been identified as a garmaaAGN with the EGRET,
and later was detected BgrmiLAT.

4C+39.23Blocated at photometric redshift of z = 1.18 ¢1.@) (Lilly 1989). The value of z
= 1.21 was ud in LawGreen (1995) and Roche et al. (1998). The spectral indices between
0.4 to 1.4 GHz and between 4.9 to 8.5 GHz-@r& and-1.02, respectively (Fanti et al. 2001).
It is detected b¥Fermi/LAT and associated with J0824.9+3916 (Massaro et al. 2Bb@jever,
its gammaray association is doubtful and could arise from the nearby blazar 4C+39.23
(Migliori et al. 2016; An et al. 2017).
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Figl. SEDs of the thregammaray emission CSSs. Thammaray emission data in the Fermi/LAT band for the three
CSSs are taken from our work (in preparation). The other data, for 3C 286 are from An et al. (2016) and NED, for
4C+15.05 are from Bloom et al. (1994), Comastri et al. (1997), Stickel et al. (1996) and Montigny et al. (1995), for 4C
39.23B are from SSDCfps://tools.ssdc.asi.it/SED/). The data of two typical blazars, one BL Lac (Mrk 421) and one

FSRQ (3C 273), are taken from Zhang et al. (2012, 2014).

3. Comparisons of Broadband SEDs between CSSs and Blazars

We collected the data of broadband SEDs for ttivee CSSs from the literature, as
illustrated in Figure 1. The average spectra in the ganamhand observed by tie@rmiLAT
are from our work in preparation. For comparisons, the broadband SEDs of two typical blazars,
one BL Lac (Mrk 421) and one FSRQAC 273), are also presented in Figure 1. In the radio
band, 3C 286 and 4C+15.05 have the higher fluxes than Mrk 421. However, in other energy
bands the radiation fluxes of the three CSSs are much lower than that of the two blazars.
Especially in the Xray band, except for 4C+15.05, which has an observational data point in
the soft Xray band, no other observation data are available for the three CSSs, indicating that
their X-ray emission is very weak. This is very different from blazars since blazarsilhorm
have very strong emission in therXy band. The broadband SEDs of the three CSSs, similar
to that of blazars, shape two bumps. The peak frequencies of the first bumps for the three CSS
SEDs approximately locate at’#.0"Hz, similar to the typicalalues of FSRQs. Comparing
with the two blazars, the morphology of the broadband SEDs for the three CSSs is more
analogous to FSRQs than BL Lacs. The broadband SEDs of blazars are thought to be
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dominated by the pscale jet radiation. The radiation mecisams of CSSs in

multi-wavelengths are very unclear. The larger viewing angle of CSSs than that of the blazar
jets may challenge the oizene leptonic models to represent the observed SEDs of CSSs.
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Abstract Quick search for optical partners of bursts of gamma radiation of high and ultrahigh
energy range are conducted using the facilities of the Baksan Neutrino Observatory (BNO) of the
INR RAS and a complex of astronomical telescopes at peak Terskol Obsenfatioe Institute

of Astronomy of RAS. The bursts of cosmic ray intensity and cosmic gamma radiation are
detected at the complex of BNO facilities. The search and subsequent study of optical flares
associated with the detected BNO events are carriedwiht a complex of astronomical
telescopes at the peak Terskol. To search by external target designations (from BNO installations,
the GCN network, etc.) of transient phenomena in the optical range a universal program for
managing a complex of astronomicaleiscopes was developed and created. The current state and
preliminary results of the experiment are discussed.

Keywords: Gamma RadiatigrBursts,Optical FlaresMultimessengeAstronomy

1. Introduction

Currently, the methods of multimessenger astron@rgy widely used in the study of
astrophysical objects that emit a large amount of energy in a wide range of electromagnetic
radiation spectrum. Our experiment is aimed at obtaining new experimental data on
astrophysical objects generating bursts of cogmaimma radiation of high energy together
with optical flashes. Such bursts of radiation can be generated by processes in the nuclei of
galaxies, by the interaction of astrophysical objects, at the last stage of the evolution of stars,
including supernovaursts.

The search for bursts of cosmic ray intensity and cosmic gamma radiation is carried out by
the method of a search for spatiotemporal concentrations (clusters) of showers recorded by
EAS array. Previously this method was widely used to search fgrhigh energy gamma
radiation from cosmic gammay bursts (CGRB) and from evaporating primordial black
holes (PBH) at EAS arrays and underground telescopie$].1
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2. The finding of showerclusters.

The algorithm for findingcluster ofthe showersis as follows: for each showerhaving
absolute time; and coordinates in the Equatorial syst@in ; there was a chain of everits
i+1, i+2,. . ., i+N-1 such that the directions of the shower arrival differ by less thaga, the
value from the weighted average direction. Thus, each cluster is characterized by multiplicity
k, durationgpt absolute timeand coordinates of its centerU ,. Bediajsehe search is carried
out within some intervalp T(from 1 ms to 900 s)thengptO T This algorithmwas used
previouslyfor searching of bursts with BN@acilities (BaksanUndergroundScintillation
Telescopei BUST, EAS arraysfi Ca r2poant fi An d y ). @He ypblem is that the
experimentally measured frequencies of cluster registraticdifferent multiplicity are in
agreement (within one standard deviation) with the frequencies expected from the background
of random coincidences (i.e., background fluctuations of cosmic rRlysjefore v useas an
alert to search for transient phenomena in the optical rdmgedditional background
suppression is needed. Fadditional selection of clusters the average angular distance of
showers from the center of the clusfeg,.. parameteris used. In . 1 anexample of a
modeled clustewith k = 6 from point sourcas shown.The true centerof the cluster the
position of a point sourges placed at therigin of coordinatesThe distances of showeia) (
from truecenterare distributed iraccordingto Rayleighdistribution Therestored centeof
clusteris atthedistancea. from truecenteranda; is the distance from the restored center to the
i-th showerTheaverage angle distanoé showerdrom the cluster centeis defined as:

1.k
e = a a (1)
K iz
osin(é)
\\a
A
\
A\
. \
n\
3 '*_\ T " ocos(s)

Figl. An example of a modeled cluster with k = 6.

The distributions of clusters with different multiplicities fropoint sourcesby agyer
parametehave been obtained by simulations. These distributions are notably dependent on
cluster multiplicity. @mparisos of distributions of modeled and experimentally registered
clusters are shown in Figure$ 2.
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It is obvious that using of,. parameter allows entirely separating clusters of large
multiplicities from point sources and from backgrodhattuations of cosmic rays. ghould
be noted that multiplicity distribution of experimentailygigered clusters depends gmT
Multiplicity distributions of clustersegistered at BUST during 953days of data taking are
shown n Fig. 5 for a number ap Tvalues.
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Fig5. Multiplicity distributions of clusters experimentally registered at the BUST.

3. Search for clusters of showers ithe near-real-time mode

Primary experimental data of BNO installations are accumulated in the memary of
ontline computer of the registration system of each facility for a fixed time, which is 15
mi nutes (20 minutes for the -id!lidms treaelgli asttiraoan)i
recorded to the hard disk afiile-server. After data recordirthe information is processed at
dedicated workstations and for each of registered showers the direction of arrival in the
horizontal coordinate system (zenith and azimuth angles) is obtained. After that the search for
clusters of showers is conducted usihg method described above. At first the selection of
clusters as alerts for astronomical telescopes is carried outtasingndition Usye, O Uy(K).
TheU,(k) values are chosen thus that withiifk) is placed 99% of events with relatively low
multiplicity (k < 10), for which there is no complete separation of simulated and recorded
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events. For clusters with complete separation of the simulated and experimentally recorded
events (large multiplicity clusters) all clusters from the point sources are ligkje To use
clusters of small multiplicity as alerts for searching for transient phenomena in the optical
range, an additional selection is made for duration of clusters (depending on their multiplicity)
so that the frequenc30oodndl BUSFT ifmotmaltlhaet iAdCme
Alerts information (coordinates, time, etc.) is recortieddata collection server in BNO.

Access to these data is realized by means of two communications paths. The first one unites
the local networks of the B and the observatory at the Terskol peak through a radio channel
based on three CiscoAironet 1410 modules at a distance of about 20 km. One module operates
at Cheget peak in the access point mode. Two others modules operate in bridge mode at the
iAndyor cEhAYS array and at the Terskol peak. The
array is connected with BNO laboratory building dxyoptical cable. Second one is routing
through the Internet with a fixed IP address. Both communications paths allow us to connect
with dedicated server via HTTP and FTP, and over the local network using the SMB protocol.
The communications paths and thelidated server are protected from the extraneous access.

4. Search for optical partners of clusters of showers

Search for transient phenomena in the optical range by target designations from BNO
facilities will be carried outwith a telescope complex at éhTerskol peak, including the
automatic t el el4dd Ipfe00. iAMeiverdal program for controlling the
complex of astronomical telescopes has been developed and created for this.

The search for optical transients on alerts from BNO faciliteasetbeen conducted in test
mode usinghe Officina Stelare RF200 wideangle (with a field of view of 3.5 degrees)
robotic telescope installed at the Zvenigorod Observatory of INASAN. As an example for one
of alerts from2&AB1ari mtkee dhe maomplieates tie frame
center are approximately R.A. = 08h45mDe c | . = +70U010" . The over
presergedin Fig. 6. There is some shift tife frame center due to errors of telescope driving at
high declinatios. The detailed anadys of this frame gives 55 galaxies, 67 radio source
infrared and 7 Xray sources. No optical transients were discovered in this event.

R W 1V Y @—]

Fig6. The overlap of images obtainedthg Officina Stelare RF200 wideangle telescope ot C a r-2 calert.
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5. Canclusion

The experiment under development is aimedoltairing new experimental data on

astrophysical objects generating bursts of ultralgigrgy cosmic gamma radiation in
conjunction with optical flashe#t the momenthe farch forbursts of cosmicay intensity
and cosmic gamma radiatidny means of detection efusters of showers is implemented in
the rearreattime mode. Because thexperimentally measured frequencies of cluster
registration of different multiplicity are in agreement with theyjfrencies expected from the
backgroundfluctuations of cosmic rays the nemethod of background suppression was
developed This method ofbackground suppression allows using selected clusters of
showersas alers to search for transient phenomena indpécal range
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copper proportional counter
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Abstract During several years at the Baksan Neutrino Observatory INR Rée8rigng outthe
experiment for searching of 2K {Rcapture in***Xe. This isotope has several advantages: 1) it
has the largest kinetic energy of transition among candidates of nuclehiicn predicted the
existence ofECEC 2) since xenon is the noble gas, then it could be easily asea system
isotopedetecting medium in a gas detector. To search foca@ure in'**Xe the large volume
copper proportional counter (CPC) is used

In our work, we present the results of the simulation, with the Geant4 package, of CPC
background from the decays &fU and?*?Th nuclei in the construction materials of the CPC
case, as well as in elements of the-loackground shield. The influence méutrons produced in
the rock of the underground laboratory from the decayof and®*2Th, where the experimental
setup is located, on the production of the isottfein the working gas of the detector, upon
capture of thermalized neutrons by ti&e isotope is considered. TH&! isotope can have a
significant influence on the background of the experiment since the total energy release in its
decay belongs to the same energy region as ROI afapiure in**Xe.

Keywords: Double ketadecay, 2kCapure, Proportional Counter, Lo®ackground Experiments

1. Introduction

A unique state is formed in the daughter atom in the case of the capture of two electrons
from theK-shell. This state represents a neutral atom with the inflated shell, exposing two
vacancies in th&-shell. In order to detect such a process, we have to keep in mind that for Z >
30, whereK-fluorescence vyields are large, the dominant decay of ddubacancy states
happens through the sequential emission of two characteristic fluorescence quanta.

The primary contribution (76.7%) to the ECEC proces3$‘xe is produced by the capture
of two electrons from thi-shell [1]. The result of thE*Xe (2n, 2&x) reaction is a neutrat‘Te
atom with a Al i ft ed oK-skelheatahcies exgosed. Whe Iresidual e s
excitation of the atomic shell in daughter isotdpe” relaxes via the emission of Auger
electrons €., €), a single characteristiquantum and an Auger electroK, (es), or two
characteristic quanta and leamergy Auger electron¥K( K, e). In actual experiments, the
almost simultaneous emission of two characteristic fluorescence quanta produced in the filling
of two vacancies offersonsiderable advantages in terms of detection of such events.

The detection of the relaxation response of atomic processes after the capture of atomic
electrons in a gas medium offers several significant advantages over liquid anstatelid
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detectors. Athe same time, the impact of the background depends strongly on the energy

resolution, which gives the event detection in a gas medium another advantage over detection
in liquid. In addition, the interaction of radiation in gas provides an opportundgtarmine

the topological signature of a rare event, which was demonstrated in our earlier studies [2, 3].

In contrast, extremely small primary ionization tracks typical of interactions in liquid make
it difficult to identify the specific features of ttsgnal from lowenergy primary particles.

The search technique in our experiment is based to the registration triple coincidences of
fishakedod el ectrons and two fluorescence phot
K-shell vacancy in daughtetoms. A proportional counter filled with gas containing the
studied isotope is used as a detector. Useful events have a unique feature set in such a detector.
Their total signal comprises three partial pulses with known amplitudes formed as a result of
absorption of two characteristic photons and a cascade eéfmigy Auger electrons within
the working volume. The selection of events with such features from the entire set of digitized
pulses allows one to raise the effect/background ratio up to selvetmlaind times. Thus, in
our case, the main contribution of the background in the energy region of interest stems from
threepoint events in the detector. The main contribution to such events can result from the
processes of double ionization of Keshellor the emission of a lov@nergy gammaguantum
with simultaneous registration of the relaxation products of the daughter atomic shell.

2. Setup description

The model of t he2K&€CRRTERE meand atr sett i@ wi t h t
Monte-CarloGeantdpackage [4] for studying the detector response to decays of radionuclides
from U/Th families. The same model was used for simulate neutron transport and scattering.
Fig. 1 shows a cross section of the setup as implemented in the simulation. All the most
relevant geometrical features are included, such as the multilayer shield with their real shapes
and positions. The experimental setup consists of a copper proportional counter (CPC) with a
casing made of Myrade copper (the inner surfaces of casing aadgfts were covered
additionally with 1.5 and 3 mm layers of MOk copper correspondingly) and passive shield.
Shield consists of 18 cm of copper, 15 cm of lead and 8 cm of borated polyethylene.

Figl. Si mul ated geomet-CAPT WRE @ dalibratiomchanrellinl Moni€arlo iG2akit4
package.

Additional constructive parts located on the detector flanges, which have high voltage
inputs designed to supply high voltage to the anode of the CPC, as well as the pickup of the
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signal through a highroltage separating capacitor, were not taken into account in the model.
In the model, the body of the CPC is presented as amft@ong copper cylinder with a
working length of 595 mm and an inner diameter of 137 mm, closed on both sides with flanges,
Fig.2

Fig2. Model of copper proportional countek.darker color indicates the operating area of the detector.

The following structural parts were taken into account in the internal volume of the CPC: a)
the anode wire made from gefdlated tungsten with diameter of 16m thick is stretched
along the cylinder axis; b) the anode wire passes through the copper tubes along the edges of
the detector, which in turn is inserted into the Teflon insulators. The gas volume of the detector
is represented by two logitvolumes: the full volume and the fiducial volume of the detector,
which is part of the full volume, and is located between the copper tubes in which the anode
wire is included. The same volume is a sensitive area of the detector; in Fig.2 it is tegresen
in a darker color.

The CPC is filled with xenon gas to a pressure of 4.8 atm. Xenon has a certain isotopic
composition that was taken into account when creating the model. The isotopic composition of
gas is presented in Table 1.

Table 1 The isotope@mposition of working gas of xenon.

Isotope 124 126 | 128 | 129 130 131 | 132 | 134 | 136
Content%)| 20.311| 27.12| 33.44| 18.812| 0.071 | 0.057 |0.026| 0.088| 0.0806

As mentioned above, the CPC is surrounded by faygr lowbackground shield. For
example, coppeshield also has several volumes. Therefore, to simplify the simulation: a)
copper layer around the detector housing located between the counter flanges; b) copper layers
on the ends of the detector; ¢) a layer of copper that surrounds the detector @nghodfms
on the ends of the detector, in this volume calibrated holes are made, and through it the Teflon
calibration channel.

3. Simulation results

The following libraries were used for modeling and calculati@¥becayPhysic$ for
modeling decays of unstable particles indicatedPlysicsList as well as for all unstable
particles that may occur during the simulati@jRadioactiveDecayPhysi¢S] - allows to
simulate radioactive decays of various isotopes, based on ENSDE [6ht the
G4EmPenelopePhysictibrary was used to simulate electromagnetic processes, and
G4EmLivermorePhysics  (for test) was also considered,; The
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G4HadronPhysicsQGSP_BIC_Hrary was used to simulate the interaction of neutrons
with matter, this librar was chosen based on [7]. The radioactive source (nhuclear decay, alpha,
beta and gamma radiation) is specified in a-filaaising theGeneral Particle Sourckbrary.

The models we created on the basis of two libraries allowed us to obtain a good agreeme
between the calculated and experimental response functions from an external calibration
gamma source in most of the analyzed cases.

Fig. 3 shows a comparison of the measured and simulated spectra from an external
1%%cd-source. The source is placed abdire detector in the calibration channel, which is
located inside the lossackground shield, Fig.4. To reduce the absorption of gaguaata in
the shield substance, three calibration holes are made above the center of the detector and
along the edges ohé sensitive zone of the detector. In standard mode, calibration is carried
out in the center hole. The same was done in the model.

120

G4EmLivermorePhysics
=——_Cd109source
100 — G4EmPenelopePhysics

80
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Fig3. A comparison of experimental and simulated spectra of CPC obtained @@ed-source. Red and green
histograms arehlte Geant4 simulations obtained with the Penelope and Livermore model respectively. Black
histogram are experimental data frdfd9Cd-source.

" " w

Fig 4. Calibration channel and calibration holes.

As noted in the introduction, the purpose of our experimeheisearch for rare events from
2n2K capture using registration a time correlation (coincidence) between the two
K-fluorescence quantum that are emitted after the decay of douldedficy states and Auger
electrons. The magnitude of the probable effeatsmated on the basis of the results of
comparative analysis of background data of the proportional counter of the proportional
counter filled with samples of pure xenon with different concentrations of the studied isotope.
The ultimate sensitivity of theetup to the effect of interest depends primarily on the intrinsic
detector background and the quality of the methods used to separate the desired signal with a
specified set of characteristics. This requires an extra small géoachkground. In the same
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time,adoubleks hel | photoionization of the atom can
a single photon and releasing both K electrons. Relaxation of the excited electron shell of a
daughter atom can mimic the useful signal.

As noted in the introductig the purpose of our experiment is the search for rare events from
2n2K capture using registration a time correlation (coincidence) between the two
K-fluorescence quantum that are emitted after the decay of déwualeancy states and Auger
electrons. Thanagnitude of the probable effect is estimated on the basis of the results of
comparative analysis of background data of the proportional counter of the proportional
counter filled with samples of pure xenon with different concentrations of the studiepeiso
The ultimate sensitivity of the setup to the effect of interest depends primarily on the intrinsic
detector background and the quality of the methods used to separate the desired signal with a
specified set of characteristics. This requires an exival gammebackground. In the same
time, a doubl&K-s h e | | phot oionization of the atom can
a single photon and releasing bétrelectrons. Relaxation of the excited electron shell of a
daughter atom can mimic the udedignal.

3.1. Gammabackground simulation.

Gamma ray background from the structural elements of the shell of the detector as well as in
the elements of the shield (copper, lead) is almost exclusively coming from the uranium and
thorium decay series as Wels from decay of°K. External gamma backgrounds originate
from these radionuclides in the surrounding rock of deep underground laboratories. Therefore,
our purpose was to estimate the response of the CPC to the gamma background from
surrounding materialThe activity of natural radioactive isotopes content in different source
materials of the lowbackground shield was measured by the dtivabackground germanium
gammaspectrometer [8]. The simulation included the calculation of decays of members of
uranium-radium and actinium natural radioactivity chains contained in the structural elements
of the detector shell as well as in the elements of the shield. Fig. 5 shows the background
spectrum accumulated for one year of measurement (curve 1) using CRarECarlo
simulation of gammapectrum (curve 0). As can be seen in the figure, the simulated and
experimental spectrum of all events with energies above 30 keV coincide quite well. The
difference between the spectra at low energies can be relateddotttieat at the ends of the
detector the proportional amplification changes to the ionization mode, which was not taken
into account in this simulation. Also edge effects at the ends were not considered.
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Fig 5. Spectrum of the background of CPC filled with xenon: él))events, (2} two-point events, (3) threepoint
events, (0} MonteCarlo simulations spectrum of leanergy gammaguantum for interactions in the detector.
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The same figure shows the speafavo- and thregpoint events, curve 2 and 3 respectively.
Events that are associated with a phedbsorption are distributed among the groups of one
and twepoint events in accordance with the probabilities of the Compton process, photo
absorption, ath the probability for the characteristic radiation yield upon the pabswrption
induced filling of theK-vacancy in the target atom. Tvpwmint events take place if, for example,
a photon undergoes the Compton scattering and it is absorbed in the<wahtere, a photon
undergoes photoeffect and fluorescence quantum are emitted in the process of the vacancy
filling or an electron creates the bremsstrahlung. In all these cases, secondary photon is
absorbed at some distance from its origin and createsdetuster of ionization. If these two
clusters are located at a different distance from the anode, the detected signal will be made of
two pulses, with the time difference corresponding to the moments of entering the gas
amplification region by two growgof primary electrons. Thrgmint events can appear if all
secondary radiation is absorbed inside the counter, as in, Compton scattering of a photon,
followed by the photoeffect and release of the fluorescence quantum by filling the vacancy in
the atomicshell, photoeffect followed by th&-shell ionization, by the photoelectron in
another atom and release of two fluorescence quantum.-phneteevents, which are the main
goal of our study, have to be formed as a result of absorption into the fidulciadevof the
counter of two characteristic photons and the Auger electrons generated by thekdsiublle
vacancy production in the investigated xenon samples. All thamethreepoint events are
considered as multipoint events. They can appear, for dgamp a result of Compton
scattering of the photon by tikeelectron, followed by th& shell photoeffect and release of
two K fluorescence quantum. Events can move around within multipoint groups because of
possible overlaps of the pulses of separatepmovents of multipoint events. A detailed
description of the selection of multipoint events and their components can be found, for
example, in [9].

3.2. Neutron background simulation.

The'® may be one of the most critical background sources in the eregipn of interest
for the search ther2K capture in***Xe. Since the energy and type of emission of its decay
products are similar to the expected effect mZR capture. In our detector, this isotope may
form after the decay df°Xe. It is formed whem thermal neutron is captured by tA%&e with
a sufficiently large probabilitystp= 16 5K11 bn [10]) . This can n
separate the desired signal fr@i-capture with a significant flux of background thermal
neutrons. The halffe of ***Xe is about 17 h, after which it decays into an afdh Its
half-life is 59.49 days and it decays by electron capture (100%) to the first excited state of the
daughterlZSTe which then emits a 35.46 keV gamma ray photon in dropping to its gstated
in ' BerdndsOSimultaneous registration of the 35.46 keV galinmaharacteristi&
quorescence qguanta, and Auger electrons in working volume of CPC can generate a
threepoint event with a signature that simulates an event fron2K 2agure of'?*Xe.
Therefore, we decided to test the possible
working volume of the detector, thermalize and interact with'ffée. Several possible
sources of neutrons were considered in the simulation editms. The first of them is neutron
product i o-mactioms duritg the denay of the U/Th series and their daughter nuclei
(whi ch udeachy ingttee ddiector case, as well as in the shield elements. These
calculations showed that we have zeffect. The next stage included the calculation of the
penetration of neutrons produced in the walls of thelbaekground underground laboratory
and evenly distributed in the air.
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In the calculations, we focused on the work in which measurements werefmagrons
of different energy ranges, in the same laboratory where the installation for searching for
2K-capture in**Xe is located. In the first work, the measurements of the thermal neutron flux
were carried out on the neutron background measurenwaitits the [ZnS(Ag)+6LiF]
scintillation detector [11]. As a result of the measurements, an estimate was obtained for the
ther mal neutron fl ux "% €t mehe keeond Work ([12], 6 NO . 4)
measurements of neutrons with energies of ~ 700 Wweké carried out. The valugf the
neutron flux withsucle ner gy df-1 58 3Tcil  Gwas obtained.

These values were incorporated into the design model of our installation. The neutron layer
surrounding the shield from all sides was selected with a thickness of 100 mm-Géotue
simulation of spectra of neutron passing through the material of pabédle and scattered in
the CPC allowed us to obtain the following results. The thermal neutrons (in reality neutrons
with energies below 0.5 eV were taken) do not penetrate through tHealdkground shield
into the detector, and therefore do not contetio the production of th&°Xe. Neutrons with
an energy of ~ 700 keV can penetrate into the detector throughdokground shield. We
have ~ 2.5 thermalized neutrons in the detector when normalizing the simulation results for a
year of measurements. Well have 0.02 atoms of th& in the detector in one year of
measurements, taking into account the interaction eston and the number BfXe atoms.

This will give us no more than one atom of tH& in our detector in % years of
measurements

4. Conclusions

The reducing of the background is crucial when searching forrk 2apture in2*Xe
because it determines the sensitivity when the total amoutttXs is equal to fixed. To
estimate the radioactive contamination of the experimenelt BKeCARTUR® has been
applied theGeant4basedMonte-Carlo simulation of the energy spectra from background
sources. The energy distributions of the detector response obtained Ge#md MC
simulation were compared with measurements from a ctibbraource, which resulted in a
good description of the data. Detector response functions of thermal neutrons penetrating into
the working volume of the CPC have also been calculated.
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Abstract: Quasar microlensing is called the lensing effect on quasars, caused by compact
objects in the mass ranf0'®, 10°| M, inside a lens galaxy. It is shown that quasar microlensing
provides a possibility to probe extragalactic planetthalens galaxy. THBEUS will observe

with a unique combination of huge FOV, agy resolution and sensitivityVe focus onthe

ability of THESEUS to probe, througfuasar microlensingxtragalactic planets.

Keywords: Gravitational Lensing, Strong Lensing, Weak Lensing, Microlensing, Quasar
Microlensing

1. Introduction

Quasars are the most luminous, powerful, and energetic objects known in the universe. They
can be gravitationally lensed by a foreground galaxy, whefteds the light rayswhenis
close to the line of sighin 1916, Einstein calculated the light deflection by the Sun, based on
the general theorgf relativity [1] andfound the valud) = 4 l@Mwide more than the
previous value foundpased onNewtonian mechanics [2 Here G is the gravitational
constantM is thelens sdmassandb is the impact parametef thelight rays The general
relativistic result was confirmed during the Solar eclipse in 1839 In 1936, Einstein
published a paper dasbing the gravitational lensing effect caused by distant stars,
considering the particular case when the source, the lens and the observer are tdigned
noticed the existence of a luminous ring, after called the Einsteif4jnfopelessly to be
obseved at that epocHn 1937, Zwicky understood that galaxies were gravitational lenses
more powerful than stars and might give rise to images with a detectable angular separation
[5].

Actually, there are different scales in gravitational lensing. Thegtfor macro) lensing is
the regime when the gravitational lens images are separated by more than a few tenths of
arcsecs andan be observed as distinct imageghe case when the distortions induced by the
gravitational fields are much smaller, we h#twe weak lensing effect. On the other side, if one
considers the stam-star lensing (as Einstein did), the resulting angular distance between the
images is of the order ofias generally not separable by telescopes. Gravitational lensing in
this regimes calledmicrolensingand the observable is an achromatic change in the brightness
of the source star over time, due to the relativéionoof the lenswith respect to the line of
sighttowardsthe sourc€6]. Recently, a new effect, quasar microlensiagletected inside the
images obtained during the strong lensing, which is related to the uncorrelated brightness
fluctuations of the macramages due to the motion of the deflectors (the constituting objects
of the lensing galaxy)By this effect, itbecanespossible to constrain the fraction of free
floating planets (FFPs) in other galaxies.[7]

The first attempts to char@eize the free floating plangtopulation in our Galaxwere
done by Sumi et al[9], by analyzing the ncrolensing light curves ofwo-year survey of
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MOA-II collaboration towards the Galactic bulge. They reported the discovery of
planetarymass objects (the mass rgfi§' 5 10]M; ) either very distant from their host star
(D 100AU) orentirely unboundBy the besfit procedure othe observed microlensing events
due to FFPs, they constrained a polaev mass function with the index p®& § and
defined the number of planetary mass objects per tar: v® °. Current microlensing
observations are performed byetjroundbased telescopes OGLE [9] and MOA]H) by

the spacebased telescopes Kepler [11] and Spitzei.[I2 recent years, FFPs are found in
many young star forming regisiby using infrared imaging survey13]. The origin of the
FFPs is uncertairOne possibility is that they originally formed around a host star and then
scattered out from orbit. A second option is that they may form on their own through gas cloud
collapse, similarly to star formation.

The Transient High Energy Sky and Early UnieeiSurveyor (THESEUS) is a space
mission concept developed by a large international collaboration, in response to the calls for
M-class missions by the European Space Agency (EBH) Apart from GRBs, THESEUS
will observe Quasars and AGHin very large tances. We discuss here about the ability of
THESEUS to probe, by this way, extragalactic planets.

In the next sectignwe review the basics afravitatonal lensing, inits regimes: strong
lensing, weak lensing and microlensing. In Section 3 we discuss quasar microlensing
following by description of THESEUS missi@apabilities in Section 4. Owonclusions are
given in Section 5.

2. Basics of Gravitational Lensing

In the general theory of relativity, light rays follow null geodesics, i.e., the minimum
distance paths in a curved spditee. Therefore, when a light ray from a far source interacts
with the gravitational field due to a massive body, it is bent by an &hgldGM / bc. By
looking at Figure 1, assuming the ideal case of a thin lens and noting that: ¢ @)Ds
one can easily derive the-salled lens equation

[— —i— )

whereds indicates the source position and
- —— @

is the Einstein ring radius, which is the angular radius of the image thkelens and the
source are perfectlgligned, ds=0. Here,Ds, D, andD, s arethe angular diameter distances
between the observer, lens, and source, respectively. By solving Equation (1), one can define
the positions of two images appeared in the source plane. More generally, the light deflection
betweerthe twodimensional position of the sourck andthat of theposition of the imagdis

given by he lens mapping equation [15]

— — 13— ©)

whereli is the secalled lensing poteral of the lensEqn. 3 is a transformation from the source
plane to the image plan€he Jacobiawf the transformation is given by:
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Figl . Schematics of the lensing phenomenon.

where the commas are the partial derivatives with respect to the two compondnésisf
named magnification matriX - convergence and - shear.The points in the sourgelane
where A=0 form the so called caustic lines.

The optical deptt) i s defined as the f maovered byntheo f
Einstein rings of the indidiual masses. To first order, ig equal to the convergence, or
normalized surface massmsity

tf B— — | (5)
where the critical density ik _—

2.1. Strong knsing

The drong gravitational lensingyasfirst observedn 1979 andvaslinked to a quasar (QSO
0957+561) [16] The existence of two objects separated by aboané characterized by an

identical spectrum led to the conclusion that they were the doubled image of the same quasar.
This double quasar was also the first object for which the time delay (about 420 days) between

the two images 17], due to the differentpaths of the photons, has been measured.
Observations can also show four images of the same quasar, as in the case-calllee so

Einstein Cross, or when the lens and the source are closely aligned, one can observe the

Einstein ring,as in thecase of MGL131+045d18]. The sources of strong lensing events are
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often quasars, galaxies, galaxy clusters and supernovae, whereas the lenses are usually
galaxies or galaxy clusters. The image separation is generally larger than a few tenths of an
arcse, often upto a few arcsec®Over the years, many strong lensing events have been found
in deep surveys of the sky, such as the CLABR fhe Sloan ACSZ(], the SQLS (the Sloan
Digital Sky Suwey for Quasar Lens Search) [2&nd so on.

Strong gravitational lensg is nowadays a powerful tool for investigationastrophysics
and cosmology. It mape used as a natural telescope that magnifies dim galaxies, making
them asier to be studied in detail [R2

2.2. Weak kEnsing

In addition to the maoscopicdeformationsjn the deep field surveys of the sky single
distorted images with elliptical shape and weakly distorted images of gatexiedeemlso
detected. This effect is known as weak lensing and is playing an increasingly important role in
cosmology. The first weak lensing event was detected in 1990 as statistical tangential
alignment of galaxies behind massive clustg3], but only in 2000, coherent galaxy
distortions were measuretine weak lensing cannot be measured by a single galaxy, but its
observation relies on the statistical analysis of the shape and alignment of a large number of
galaxies in a certain direction.

2.3. Microlensing

The lensing phenomenon is called microlensing wieis muchsmaller than the typical
telescope angular restion, as in the case of stars lensing light from background stari
the simplest case, when the péike approximation for both lens and source is assumed and
the relative motion among the observer, lens and source are uniform and linear, adividu
images cannot be resolved due to their small separation, but the total brightness of the images
is larger with respect to that of the unlensed source, leading to a specific time dependent
amplification of the sourcgs], which is given by,

b —— p. (6)

whereu = ds/ dez. The parameteu can be decomposed into components parallel and
perpendicular to the direction of the relative lsosirce motion and be calculated as

66 —— 6 @)

wheret, andug are the time and impact parameter at the clemgstoachThe Einstein time
scalete= Re/ vris defined as the time required for the lens to traversgitigtein radiusRe).

The light curve is determinday three parametert, t: andu,. However, of these parameters
only te contains information about the lens and this gives rise to thoalka @rameter
degeneracy problem. Tireak this degenerachéa second order effects are considered, which
are: the parallax effect ([2426]), the finite source effectd7], [28]) andthe binary lens
effect [29]. A microlensing event camlso be observed astrometrically and the elliptic
trajectory of thecentroid can be detected, which depends on the angular Einstein radius
([30]-[32)).



78

3. Quasar Microlensing

The quasars can be affected by gravitational lensing in two.way$ ha&c ricM ensi ngo
concerngnultiply imaged quasars, with angular separations ofinty an arcsecond. These
cases are produced by typical galaxy lengéis masses of the order 9**M; . About one out
of 500 quasars is multiply image@3]. Some hundred of casase known to date, most of
them consist of double or quadruple images.§lec ond i nteresting regi me
the compact objects in the mass rafit@ ¢ 10]|M; affect the apparent brightness of the
guasar images. The microlenses can be ordinary stars, brown dwarfs, planets, black holes,
molecular clouds, globular dters or other compact mass concentrations. In most practical
cases, the microlenses are part of a galaxy which acts as the main)lerasrd he brightness
fluctuations on the macfimmages can be used to study the size and brightness profile of
quasars v one hand, and the distribution of compact (dark) matter along the line of sight on
the other hand.

In strong lensing regime of the quasar, for massive galaxy with madsH#'°M; at a
redshiftz. = 0.5and a source at redshifi=2.0 (hereHo= 50 km &Mpc?) the Einstein radius
is

— P&

— arcsec. (8)

a
For a quasar microlensing scenario in which stars in the lensing galaxy act as a lens for a
background quasathe scale defined by the Eiigin radius is

— p T — arcsec. 9)

S

This corresponds to a physical scale (Einstein radius in source plan)

i pg&op M — cm. (10)

Quasa microlensing happens to be an interesting phenomenon when the size of the optical
continuum emitting region of the quasars is comparable to or smaller than the Einstein radius
of stellar mass objectk fact, theimage splittings on such angular scataanot be observed
directly, but the microlensing can be observable because the observer, lens(es) and source
move relative to each other and the mitmage configuration changes with time. This
fluctuation in magnification can be measured and useddy #te quasars and the distribution
of compact (dark) matter along the line of sight. In these evsviidime scales can be defined.

The standard lensing time scélés the time the source takes to cross the Einstein radius of the
lens

) — pudjlg 0 OQGI i (11)

where the effective relative transverse veloeily; is parametrized in units of 600 kmiggo
This time scalég results in large pessimistically observable valléswever, in practice we
can expect fluctuations on much shorter time intervals. The reaiwet isharp caustic lines
separate regions of low ah@yh magnification. Hence, if theource crosses such a caustic line,
we can observe a large change in nifécation within the crossing timé,,ss, which is the
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time needed fothe source to cross its own radRg,ce

0 - TY 0 G€ED (12)

Here the quasar sifsis parametrized in units d0™ cm.

As shown abovethe fluctuations in the brightness of a quasar can have two causes
intrinsic to the quasar, anduced by microlensingn the case when there are two or more
macrealensing images of a quasar, it issgible to distinguishetweertwo possible causes
of variability: any fluctuations caused by intrinsic variabiliiytbe quasar show up in all
guasar images, with a tinlag according to théime delay. Sponce a time delay is
measured in a multiphmag ed quasar system, one can Ash
different quasar images relative to each other by the time delay, correct for the different
(macrae)magnification (due to the smooth lensing galaxy mass model), and subtract them
from each other. A | remaining incoherent fluctuatior
be attributed to microlensing.

Recently, the Chandra observations of several gravitationally lensed quasars show
evidence for flux and spectral variability of therXy emission thais uncorrelated between
images and is thought to result from the microlensing by stars in the lensing galaxy.

Dai & Guerras [7] found that in the lens galaxy there @re 1t Tiabjects per main
sequence star in the mass range between Moon and Jupiter.

4. THESEUS

The Transient High Energy Sky and Early Universe Surveyor (THESEUS) is a space
mission concept developed by a large international collaboraiimed at finding answers
to multiple fundamental questions of modern cosmology and astrophysics tiegpibe
mission unique capability to perform an unprecedented deep monitoring of the-rsgft X
transient Universgl4]. Besides highredshift GRBs, THESEUS will serendipitously detect
and localize during regular observations a large number-ifyXrangents and variable
sources, collecting also prompt follewp data in the IR. The foreseen payload of
THESEUS includes the following instrumentation: S¢ftay Imager (SXI, 0.3 keV),a
set of 4 lobsteeye telescopeanits, covering a total FOV df sr, with sourcelocation
accuracy <22 arcmin;X-Gamma ray Imaging Spgometer (XGIS, 2 ke\20 MeV), a set
of codedmask cameras using monolithiegamma ray detectors based on bars of Silicon
diodes coupled with Csl gstal scintillator, granting d.5 sr FQ/, a source location
accuracy ob arcmin in 230 keV and an unprecedentedly broad energy band. SXI provides
the capability to monitor the -Xay flux of hundreds of AGN with 10% accuracy on daily
timescales, and hundreds more on longer timescales. Theysstrategy will permit an
unbiased look at the lortgrm variability of an unprecedentedly large AGN/Blazar sample
at depths never reached before.

In Table 1we showa comparison between THESEUS and Chandra capabilities (ACIS
Advanced CCD Imaging Speotnete; HRC-High Resolution Camera), the last one being
the most powerful, up to now, telescope for discovery efaX traces in high energy
Universe and the first one to observe quasar microlensing caused by FFPs.
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Table 1 The capabilities of TheseusdChandra telescopes.

Range(KeV) Fov Accuracy Sensitivity erg/cn/s
THESEUS SXI/  (0.3-6)/ 1sr/ 10-20 arcsec/ 10°/
Chandra ACIS  (0.4-10) 17x17 arcmin 1 arcsec 4x10%
Theseus XGIS/ (2 KeVi20 MeV)/  1.5sr/ 5 arcmin / 10/
Chandra HRC  (0.4-10) KeV 30x30arcmin 0.4 arcsec 1018

We remark thaTHESEUS is a unique combination of huge FOV,dagresolution and
sensitivity and promises to further on the important discoveries in this direction.

5. Conclusions

The survey strategy of THESEUS will permit an observation of thetiermg variability
of an unprecedentedly large AGN sample, at depths never reached before. New quasars will
be observed, with smaller Einstein Radius of lensing bodies, shorter Einsted) simaller
quasar regions to be probed and closer to the central Black Hole, so with shorter variability.
THESEUS wi || be characterized by higher ser
are considered as precious sources of information for ditfeegions of the accretion disk.
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Abstract We study the evolution of spins of binary black holes taking eccentricity into account.
We are interested in determining the probability that these binaries may get locked anb#pin
resonance configurations. We numerically evolve a large set of binaries starting from a large
separation by using pebtewtonian approximation. The initial spidistribution is taken to be
isotropic as is expected in many astrophysical environments. We find that a large fraction of the
binaries get locked into or oscillate about the spinit resonance configuration towards the end

of inspiral. This can be te=d in future observations which, using our results, will allow us to
deduce the initial spin distributions.

Keywords: Binary Black Holes, Spi®rbit Resonances, Gravitational Waves, Spin Morphology,
Eccentric Binaries

1. Introduction

The black hole (BH) dp is an important parameter in binary black holes (BBHS). It has a
significant effect on the emitted gravitational waves. The spin induced effects are more
dramatic when the two BH spins in a BBH are not exactly aligned cabgtied with the
orbital argular momentum. Taking the spins into account introduces six additional parameters
in the binary system. Resultantly the extraction of parameters from the observed gravitational
waves becomes substantially more complicated [1].

There are three phases imetevolution of BBHs: inspiral, merger and ringdown. The
inspiral phase can be handled by using the-pNesttonian (PN) approximation {2]. The
spins and the orbital angular momentum vectors significantly evolve during this phase
although the spin magnies remain unchanged. Due to the general relativistieaspihand
spinspin coupling, the spin vectors as well as the orbital angular momentum undergo
precession about the total angular momentwhich remains fixed on small time scales and
changes dy on the radiation reaction time scale. The important time scales in the PN limit
are:

() Orbital time scale O
(i) Precession time scal®,
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(i) Radiationreaction time scale®
These obeydo L 0 L 0 . The directions of spin and orbital angul@omentum
change on the precession time scale as well as on radiatiotion time scale.
We are interested in determining the statistical distribution of spins of BBHs near merger
assuming an initial distribution at large separation. The binary caodetd in a spitorbit
resonance depending on its initial parameters. In this configuration the spin vectors and the

orbital angular momentum vector lie in the same plane and precess &hbtite same
resonant frequency. In this study we shall deterrthiegprobability that the binaries may get
trapped in a sphorbit resonance at late inspiral. It has been shown earlier that if the
distribution of spins is initially isotropic, i.e. the spins of BHs in BBHs have equal probability
to point in any directionthen the distribution remains isotropic during evolution. However it
undergoes significant change if it is initially n@motropic [4]. In general the initial spin
distribution of the binary partners is expected to be partially aligned and depends on the
astrophysical environment of the binary. Through our study we can deduce the initial spin
distribution once we have a sufficiently large sample of gravitational waves from BBHs and
hence can deduce the nature of the astrophysical environment of thedystam [5]. These
predictions can be further tested by mutiéssenger astronomy since the populations of
BH-NS (Neutron Star) and NSNS binaries are related to those of BBHSs.

2. Evolution of Binary Spins

Let '® and'® denote the spin vectors of thwo BHs and® be the orbital angular

momentum vector. Consider a system in whichdheaxis points along?. Let — and— be
the polar angles of the two spin vectors afd be their azimuthal angle separation. In a
spinorbit resonance (SOR) cogfiration, the three angular momenta vectors of BBH occupy
a planar configuration withe 7" [3,6,7]. Hence we can split the binaries into the
following three classes or morphologies:
1. Circulating: The three spin vectors are flanar, freely precessirand ¥3 can take
any value.
2. SORO: The spin vectors and orbital angular momentum vector librate about
co-planar configuration withY3 Tt on precession time scale.
3. SOR180: The spin vectors and orbital angular momentum vector librate about
co-planar configurion with ¥3 A on precession time scale.

We are interested in determining the relative probability of BBHs to be in these three classes
at near merger. The initial distribution of spins is taken to be partially aligned. This question
has earlier been addressed by assuming that the eccerfitisizero ([6}[8]). However this
is not true in reality. The eccentricity is expected to become smaller during inspiral, however
beyond a certain point it is expected to start increasing [9, 10]. Furthermore even if we set
‘Q T initially, it is expected tdbecome noszero during subsequent evolution. Here we
examine the general case in which eccentricity iszero.

The basic evolution equations for the spin vectors are given uig)6]Here we use the
radiation reaction equations at 3PN order in otdegvolve the binary frontd p 1T ™ TtO
@ p 1, whered is the binary separation. The PN approximation breaks down at srialler
values.
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3. Results

The evolution of eccentricity for a set of BBHs is shown in Fidpdpending on the values
of initial eccentricities, the evolution of eccentricity during inspiral exhibits three distinct
patterns: (i) monotonic decay of eccentricity, (i) monotonic growth of eccentricity, and (iii)
growth of eccentricity after decaying to a minimum. Fig. 1, he initid eccentricities
correspond to those values for whi€iQj ‘Q ovanishes at 2PN order. The eccentricities
cannot be decreased beyond these values. We evolve 4000 such maximally spinning eccentric
binaries with mass ratios q = 0.40, 0.60, 0.80, and 0.9E(&6centric binaries for each mass

ratio), wherery —  p8In Fig. 1, the median of eccentricity evolution for each set of 1000

binaries are plotted. Since, the growth of eccentricity is a spin induced phenomenon, there is
no significant difference ieccentricity evolution for the four different mass ratio cases. The
eccentricities rise tp 1 towards the end of inspiral. Such eccentricities are not negligible in
numerical relativity simulations.

In Fig. 2, we show themorphologyobtained for the evekd spin configurations from Fig.1
at the initial (a = 1000M) and final (a = 10M) orbital separation. At a = 1000M, most of the
binaries are in the circulating morphology i.e. freely precessing. The morphologies predict
average behaviour of binaries ine@essional time period which preserve information about
initial configurations. During inspiral, the morphologies of spin configurations evolve slowly.
At the separation a = 10M, a large fraction of binaries from the circulating morphology transit
to theresonant morphologies. The behaviour of morphology transition of eccentric binaries is
similar to that of circular binaries despite significant rise in eccentricity. This implies that
morphology classification is a useful tool to study spin dynamics ienédic binaries too
which eventually would give information about the initial distribution of spins. The
morphology evolution of eccentric binaries is similar to that of circular binaries owing to the
fact that eccentricity growth is not dependent on trassrratio, whereas mass ratio is a
dominant parameter of the dynamics spinning binaries.

Figl. The evolution of eccentricities during inspir@he binaries with four mass ratios q = (0.4, 0.6, 0.8, 0.95) are
maximally spinning. We observe significant growth in eccentricity near merger of binaries.
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Fig2. In this figure, we show the evolution of morphologies of binaries during inspirad.case of circular binaries,
the freely precessinlginaries in eccentric orbits also gradually transit to resonant morphologies {88DRind
SORO0) where the angular momentum vectors of binaries occupy a planar configuration or oscillate about the planar
configurations.

4. Conclusion

We have shown that a significant fraction of black hole binaries get locked up in the
spinorbit resonance configurations or oscillate about them towards the end of inspiral. This
result has earlier been obtained by ignorimg ¢ccentricity of the binary orbits. We find that
statistically the result remains unchanged even if we include the effect of eccentricity.
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1. Introduction

The main goal of the project is to combir
activities for the better use of differer
Underground Locations (UL), both th
locations  of  operating  undergroun
laboratories as well as less known potent
underground sites.

The project activity duration 86 months and it will end in September 2020.

Baltic Sea Underground Innovation Network (BSUIN) [1] project is funded by Interreg
Baltic Sea funding cooperation [2]. Currently 6 underground laboratories are involved in the
BSUIN project. Total budget ofths pr oj ect i's 3. 4 M0.

EUROPEAN
REGIONAL
DEVELOPMENT
FUND

I
+nterreg

Baltic Sea Region

EUROPEAN UNION

BSUIN

2. BSUIN Basics

A key aspect of the BSUIN project is a transfer of technology and use of research
infrastructure for business purposes. In addition to scientific applications, there are a number
of potential applications that use theique conditions at underground locations. There is a
range of possibilities to develop various types of mine technologies, tunnel construction,
radiation protection systems, geophysics and other research instruments. Underground
locations can potentiallype used to produce food under different conditions and use
geothermal energy for different purposes.

The main assumptions of the BSUIN project are schematically presented in Figure 1. It is
important to how cooperation can be strengthened and lead fretitwe advantages.

Territorial challenges Project activities Project outcome

Create networking
activities to gain

Underutilization BSR underground
infrastructures

N

—_—m . Characterization of ULs

z
s
=3
=
(=]
o
o
o
£
2
2
oo
g
o
&
2
£

Several world class underground
infrastructures in BSR (deep mines,
specially constructed tunnels), maintained
by organizationally quite small
Underground Laboratories (ULs)

Innovations and growth of
i SR 2 1 "
g!

co-operation
The BSR Underground Laboratories and
their users benefit from transnational co-
operation to speed up the development of
the ULs capabilities to serve industries,
maintain high quality of the UL operations,
and create new services and joint

.

Synergy benefits for

development

efficient methodologies to

WP1
Project Management

standardize the
characterization the
underground facilities for end
users, improved and innovative
service concepts to enable the
more efficient use of BSR ULs
as a “natural resource” and

to save cost and effort by joint
development and sharing of
best practices, especially for
safety and improving

, joint marketing

Territorial strengths

and branding, more efficient
utilization of technical
resources and expertise, bigger
variety of improved services
and easy access to customers

WP2
Characterization of
Underground Labs

WP3
Service Design

Fig1l. Main benefits from the BSUIN Project.

underground facilities as a WP4 facilities as a capacity for
marketing efforts 2 7 E S
working environment Underground innovation
. 3. Facility development
» —— Environment
wider visibility, especially related to
Unique knowledge base shared cost, new Improvement Efiﬂf{omv, heaith and safety
In BSR, there are world leading science : : and vistor expericnce
g innovation through i i
: e e o, 9 Giroug oS 4. Networking, branding
specialized in geophysics, low background cross-pollination and business
instrument manufacturing and by creating networking Networking of development activities
underground construction activities for continuous BSR ULs to reach global market,

. Service design

to create shared
methodologies for the
assessment of technical
properties {(geophysics,
structural and background
radiation properties) of the
underground facilities and the
operational and legal
requirements for using the
underground infrastructures

of methodologies and new
service concepts so that the
outside users can better
utilize the ULs and the

providing easier access and
one-stop-shop approach to
BSR underground facilities
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3. Project activities

The project is divided into 5 smaller Work Packages (WP) focusing on different aspects:
1. WP1 Project management and administration
2. WP2 Characterization of undergroufattilities
3. WP3 Service design, market design and branding of ULs as a capacity for
innovation
4, WP4 Underground environment improvement
5. WP5 Networking of BSR ULs and their users
Different institutions are involved in various work packages, both from prpgthers
and 14 associated partners. In Figure 2 ¢hegtions between different work packages and the
activitiesare sbematically shown.

INFO BOX
Square element: Permanent
BSUIN NETWORK | | outcome

Oval element: Project activity
Continuous line: Input to the network
Dotted line: Input between activities

WP4

L
-»

< B N\
{ - N f
A35 A3l
[ ¢ - | s | WP2

"' ' WP1

Project management and administration

Fig 2. The BSUIN project work packages (WP) scheme. Relations between different work packages and the
activitiesare schematically shown. In each of the work packages, institutions from many countries of the Baltic Sea
region participate.

Due to the fact that underground locations are significantly different from the Earth's
surface, it is necessary to characterimdividual locations. The characteristics of
underground locations presented in a friendly way can be used by potential commercial
customers. This is the main objective of WP2.

The goal of WP3 is to highlight the innovative possibilities that can lvelaiged.

Many of the underground locations do not have adequate infrastructure to conduct the
organized activities. In order for innovative projects to be developed there, it is necessary to
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organize safety procedures. Development of standards is needethefotransfer of
innovative technologies to the wide application market.

The WP4 package will define the conditions of work organization in ULs and safety
rules as well as risk assessment. Dissemination of best practices and development guidelines
will be shared.

The last WP5 package is organizing cooperation between underground locations.
Creation is planned of a common web page platform for innovative activities and sharing of
various types of information, training, security procedures, marketing iadatand all kinds
of other information that may be useful for other partners.

4. Results & Outcomes

The most important benefit of the BSUIN project is the cooperation of underground
laboratories and potential places where such a laboratory can be alg@nieeof the benefits
will be a database containing the characteristics of underground laboratories in the Baltic Sea
region. This information will be organized in a friendly website, where those interested in
underground infrastructure will be able tat gequainted with it. Cooperation of the Baltic
countries in the use of underground locations can bring tangible benefits to amadkifig
industry.

The main result of the project is a balanced network organization that disseminates technical,
marketing,operational quality, training and other information about UL BSR generated during
the project. The online tool and network organization will be designed to provide an open
innovation platform for further quality and innovation development and to sharpretice
on service concepts, infrastructure improvements and methodological recommendations from
pilot actions.

Underground locations are also very important for science that can take place in them.
Multi-messenger astronomers can benefit by placingengnound cosmic ray detectors,
neutrino experiments, and those seeking scarce phenomena. Space weather, supernova
explosions, neutrino oscillations are just some of the topics that are explored underground.
Many of the places mentioned here and potentideayround locations can contribute to the
development of science in a very wide range.

5. Project and associated partners

The BSUIN consortium has 14 members from eight Baltic Sea countries. Six underground
labs (sec. 6) are looking for new collaboratinrhe project.

Partner Country
University of Oulu, Kerttu Saalasti Institute Finland
Oulu University of Applied Sciences Finland
University of Silesia in Katowice Poland
Swedish Nuclear Fuel and Waste Management Co Sweden
KGHM Cuprum Research & Development Centre Ltd. Poland
TU Bergakademia Freiberg Technical University Germany
GermanResearch Centre for Geosciences Germany
Vilnius University Lithuania

National Center for Nuclear Research Poland



http://www.cuprum.wroc.pl/en
http://tu-freiberg.de/en
https://www.gfz-potsdam.de/en/home/
https://www.vu.lt/en/
https://www.ncbj.gov.pl/en
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Karelian Research Center of Russian Academy of Sciences Russia
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Fig 3. Map with denoted locations of underground locations involvec
the BSUIN project. selne
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https://www.ttu.ee/en
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Abstract We report on the measurement of the flux and spectra of the fast neutron background
at BUST with a rocloverburden of about 850 m w e, using a special method for the neutron flux
estimation based on neutron activation analysis. The neundoiced events are identified by a
two-pulse signature of neutron inelastic scattering process.

Keywords: Neutron Baclground, Core Collapse Supernovae, Underground Physics, Neutrino

1. Introduction

In experiments searching for rare events, signals from neutrons have the same signature as a
useful signal. In particular, the registration of electron -natitrinos at the Baan
Underground Scintillation Telescope [1] (BUST) made mainly through the inverse dxsg
reaction of electrogmpim®ttnneutri nos on protonse
The signal from the positron appears as a single operation of one of the internal counters, at
the absence of signals from other counters [2]. Since the-seasi®ns of reactions with
neutrinos are relatively small, all possible reactions with neutrons effectively mimic signals
from neutrinos. Neutrons produce background via elastic scatteringptimgr At the same
time, inelastic neutromduced reactions with the carbon of the scintillator allow measuring
the neutron flux with a sufficient accuracy. During the passage of neutrons through the
scintillator, unstable radioactive isotopes are geedrat
We have estimated the fast neutron flux (up to some 100 MeV) in the BUST experiment
(Figure 1) which has been excavated at a depth of 300 m (850 m w e) under the slope of Mt.
Andyrchy (North Caucasus, 43.28AN and 42.69AEF
The aim of the measurement is
1) To assess as precisely as possible the neutron contribution to the total counting rate in the
detector in view of its use for cemllapse supernova search experiments.
2) To evaluate the spurious events and background produced by cosmic ray induced
neutrons in the detectors that will be installed in the underground laboratories for experiments
in particle physics and astrophysics.
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Figl. The layout of the Baksan Underground Scintillation Telescope of BNO INR RAS.

2. Measurements

Neutrorinduced reactions in organic scintillator are interesting due to a possibility to get
information about the neutron background. Significant in this respect are the reactions leading
to emission of charged particles. TH€(n, p)?B reactionis amag them.

The'B reaction leads to emission of protons and energetic electrons above the threshold of
BUST counters. The prompt signal from the proton and the delayed signal from the electron
from the unstable isotope beta decay constitute the doubldwsign@ahe BUST can detect
unstable radioactive isotope formation and its subsequent beta dec¥{Z (Fhe)?B reaction
has been exploited in the present analysis. Theoretically?thisotope is known to be not
directly produced by the primary neuttobut rather the recoil proton ¢npY n+p)
interacting with thé?C: ?C(p, n)?N. The®N decay has the same signature as-iBealecay
reaction, so these background events can only be statissablisactedrom the data.

A large number o$ignalpairs allows constructing distribution of time intervals between the
signals in the pair. The approximation of distribution of time intervals between signals in a pair
by the decay curve makes it possible to estimate the number of radioactive isotopesdrodu
during the observation time. The produced numbef®iuclei neutrons Nrelated to the
neutron flux j(E) is obtained from the following expression:

5 &o0®Q , 0J00QO0 1)

wheren is the number of targetuclei, f is the detection efficiencyj ( B )the differential
cross section of reactiohjs theobservatiortime. The energy range covered by the integral
spans from the counter threshold for neutrons up to highest neutron Epergy

The values of theross section largely vary depending on the selected model. We use as a
benchmark for the predictions of the model calculations the integral measurement of the
2C(n, p)*?B reaction performed at the neutron tiwkeflight facility at CERN. The best
eviderce for the'’C(n, p)°B crosssection comes from the n_TOF experiment [3]. The
n_TOF result has been compared with evaluated -s@stions used in GEANT4. Among
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models in GEANT4 good agreement is noticed only with a combined Bertini/Binary cascade
model.

In this work, the neutron flux was estimated on basis of the -eexgfon from the
Binary/Bertini model evaluation up to 100 MeV.

The neutron flux from the rock above 10 MeV is roughly inversely proportional to the
neutron energy [4]. In this case, eqoat1) reduces to

6 ¢0wIQ , 0O TO0QO )

This allows one to determine the proportionality fadgtomhus, the differential neutron flux
can be written as

~

<0 20D T > 3)

Because of the quenching of the proton light yield in scintillator, and taking into account
the detector energy threshol® € 8 MeV), the neutrons with the double signature have
energies greater than 28.6 MeV (B, = 28.6 MeV).

2.1. Data analysis

To estimate the neutron flux, the BUST data collected from 2001 to 2018 were used (the live
time data taking was 16.35 years). Only those events that appear as two consecutive signals
from the same counter in the absence of any signai fre other counters were selected.
From each counter, we get information which includes the coordinate of the triggered counter,
energy deposition in the volume of the counter and the time information. To have the decay of
the'?B nucleus with high probality, the time interval between a pair of events was chosen to
be equal to 6 halives of 1°B. We fitted the distribution of signal pairs per counter by the
Poisson distribution (Figure 2) throughout the observation time. The counters which gave the
numter of signals pairs exceeding that predicted by Poisson distribution were excluded from
the data processing.

500

100 Poisson distribution

®  Experimental data

W

[

Number of counters

Double_events per counter

Fig2. Distribution of the signal pairs per counter (points). The solid curve represents the Poisson distribution.
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The presence of the radioactilderon is indicated by fitting the distribution of the time
intervals between each pair of signals (Figure 3) by the decay EBufve ) =
ayA e x p () &ti/and( is the mean lifetime ofB and®N respectively).

140} |

120

.

Fit[B'?]

®  Experimental data

""‘— — —Q — _.

50 100
At, 107%s

150

ghre x p (T e

Fig3. Time delayistribution between the signals at BUST. The solid line is the fit by the decay curve.

From the parameterwe obtain the number 1B isotopes, whild anday give the level of
background events. The edfuare distribution minimization method was agglio fitting.
Subsequently, the number of the produc&l nuclei was converted into the neutron flux
according to equatio(B8). The response functidnof the individual counter to double event
reactions has been evaluated using the M@atdo code. Allinvolved processes, including
energy loss, multiple scattering etc., have been taken into account.
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The BUST counters are commonly divided into two groups: the inner counters (for search
neutrino signals from supernova remnants) and the outer counters (used as an active muon
veto). We calculated the average neutron fluxafointernal group of counterssingequation
(3).

After taking into account the aboweentioned considerations, the total neutron flux \Ejth
from 10 to ,Eq0NIeled & forthe internal counters of the BUST
detector. According to Mont€arlo simulations [5] the following equations predict the
muortinduced neutron flux as a function of depth:

l_'Ipred( [a) =0Q 1/ F())) @/Pl' (4)

wherehg is the equivant depth in km w e relative to a flat overburden, BpdP, are the
fitting parameters.

The muonrinducedneutronflux at the 0.85 km w e (BUST) was obtained usingsiteding
met hgd 00 85) '"enm%5 . Thie0 w885 iwin qualitativagreement with
our results.

80

60 \' —— J(E) ~ UELZ()

®  Experimental data

0 20 40 60 80 100 120
E, MeV

Fig 5. Neutron energy spectra measured with BUST using the delayed coincidence method.

The neutron energy distribution is derived from energy release data in selected double
events. The calculation does not take into acctnénergy resolution of the counters. Fitting
the distribution with a power function (Figure 5) gives us a spectral index of 1.26. This value is
close to the results obtained in the LVD, KARMEN and Soudan experiments [6].

3. Conclusion

The experimental da collected by the BUST detector (16.35 years of live time) were
used to estimate the neutron flux at the external counters of facility. The experimental
method is based on the delayed coincidences between two signals from any of the BUST
counters.

It is assumed that the first signal is due to inelastic interaction of a neutron with the
organic scintillator, while the second signal comes from the decay of an unstable radioactive
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isotope formed when the fast neutron interacts witH4@euclei. The expemientally found
muoni nduced neutron flux (for neutron energi e
with predictions of the Mont€arlo models.
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Abstract The next generation of astronomical surveys will revolutionize our understanding of
the Universe, raising unprecedented datwmllenges in the process. One of them is the
impossibility to rely on human scanning for the identification of unusual/unpredicted
astrophysical objects. Moreover, given that most of the available data will be in the form of
photometric observations, ducharacterization cannot rely on the existence of high resolution
spectroscopic observations. The goal of this project is to detect the anomalies in the Open
Supernova Catalog (http://sne.space/) with use of machine learning. We will develop a pipeline
where human expertise and modern machine learning techniques can complement each other.
Using supernovae as a case study, our proposal is divided in two parts: the first developing a
strategy and pipeline where anomalous objects are identified, and a gt@medwhere such
anomalous objects submitted to careful individual analysis. The strategy requires an initial data
set for which spectroscopic is available for training purposes, but can be applied to a much larger
data set for which we only have photoniebservations. This project represents an effective
strategy to guarantee we shall not overlook exciting new science hidden in the data we fought so
hard to acquire.

Keywords: Machine Learning Techniques, Supernovae, Astronomical Surveys

1. Introduction

Supernova stars (SNe) are ones of the most brightness and interesting objects in the
Universe. They are responsible for chemical enrichment of interstellar medium; density waves
induced by their energetic explosions causes the star formation; Sbliganef high energy
cosmic rays; moreover, thanks to SNe we are studying the composition and distance scale of
the Universe which defines its following destiny.

The generation of precise, large, and complete supernova surveys in the last years has
increaed the need of developing automated analysis tools to process this large amount of data.
These scientific observations present both great opportunities and challenges for astronomers
and machine learning (ML) researchers.

The lack of spectroscopic suppartakes the photometrical supernova typing is very
required. The analysis of big supernova dataset with ML methods is needed to distinguish the
supernova by types on base eplrameter grid. Such study allows us to purify the considered
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SN sample from nesupernova contamination as weéllthe problem, which is relevant for all

large supernova database that collect SN candidates without careful analysis of each candidate
and basing on the secondary indicators (proximity to the galaxies, transient behaviour,
arise/decline rate on light curves (LCs), absolute magnitude). It is also expected that during
such analysis the unknown variable objects or SNe with unusual properties can be detected. As
an example of unique objects one can refer to SN 2@0&N with very strong but relatively

narrow He | lines in early spectr®30 similar objects are known, [25]), SN 2005bf
supernova attributed to SN Ib but with two broad maxima on LCs, SN 20d0omusual SN

Ic with very low decline rate after the maximum brighgiéhat is not consistent with
radioactive decay of 56Ni, ASASSM6lh § for some time it was considered as the most
luminous supernova ever observed (two times brighter than-Buperous SNe), later the

origin of this object was challenged and now it ensidered as a tidal disruption of a
mainsequence star by a black hole. Finding such objects (and then studying them more
closely) is one of the main aims of the current project. As such sources are typically rare, the
task of finding them can be frames @an anomaly detection problem.

Astronomers have already benefited from developments in machine learning [2], in
particular for exoplanet search [22, 29, 26], but the synergy is far from that achieved by other
endeavours in genetics [17], ecology [9] ordie@e [30], where scientific questions drive the
development of new algorithms. Moreover, given the relatively recent advent of large data sets,
most of the ML efforts in astronomy are concentrated in classification [16, 15, 19] and
regression [13, 6] t&s.

Astronomical anomaly detection has not been yet fully implemented in the enormous
amount of data that has been gathered. As a matter of fact, barring a few exceptions, most of
the previous studies can be divided into only two different trends: chg{@] and subspace
analysis [12] methods. More recently, random forest algorithms have been extensively used by
themselves [3] or in hybrid statistical analysis [24]. Although all of this has been done to
periodic variables there is not much done fongrants and even less for supernova.

In this study we search the anomalies in photometrical data of the Open Supernovd Catalog
[11]. We use the Isolation Forest as an outlier detection algorithm that identifies anomalies
instead of normal observations [18his technique is based on the fact that anomalies are data
points that are few and different. Similarly to Random Forest it is built on an ensemble of
binary (isolation) trees.

2 Data
2.1 The Open Supernova Catalog

The data are drawn from the Open Supea Catalog [11]. The catalog is constructed by
combining many publicly available data sources (such as Asiago Supernova Catalog, Carnegie
Supernova Project, Gaia Photometric Science Alerts, Nearby Supernova Factory, Panoramic
Survey Telescope & Rapid Rmonse System (P&ITARRS), SDSS Supernova Survey,
Sternberg Astronomical Institute Supernova Light Curve Catalogue, Supernova Legacy
Survey (SNLS), MASTER, AlSky Automated Survey for Supernovae (AS8R), iPTF,
etc.) and from individual publications.ripresents an open repository for supernova metadata,

2 https://sne.space/
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light curves, and spectra in an easily downloadable format. This catalog also includes some
contamination from no#$N objects.

Our choice is justified by the fact that the catalog incorporatesthedtor mor® t han
SNe/SNe candidateB( . 2 “df SNe @ave > 10 photometrical observations@id] $dd
SNe have spectra). For comparison, SDSS supernova catalog contaiBsdonlyl ° ofiSBe
LCs andD 600 SNe with spectra.

The catalog containthe data in different photometrical passbands. To have a more
homogeneous data sample, we chose only those SNe that havedM§lgior BRI y Il t er ¢
We assume thailiNffjiters are close enough to gri and transform BRJridsee Sect. 2.2). We
require >= 3 photometrical points in each filter with-d&8/ binning. After this cut, our sample
contains 3190bjects (2026 objects i Njr76lji objgcts imgri, and 404 objects in BRI).

2.2 Transformation betweenBRIland gri

Toinc ease the sampl e we grofnivietretr st hues i Bnegs st ehled sL uk
transformation equatioRsThese equations are derived by matching SDSS DR4 photometry to
Peter Stetsonds published photometry for star
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3 Anomaly detection
3.1. LCsfit

It is more convenient to implemethe ML algorithm to the data with uniform time grid
which is unfortunately not the case with supernovae. Commonly used technique to transform
unevenly distributed data onto uniform grid is to fit them with Gaussian processes (GP).
Usually, each light cwe is fitted by GP independently. However, in this study we developed
the MULTIVARIATE GAUSSIAN PROCESS interpolation that allows correlating
multi-color LCs and approximates the data by GP in all filters in a one global fit (for details see
Kornilov et.2019, in prep.).

When the fit by MULTIVARIATE GAUSSIAN PROCESS was done, we checked the
results of approximation by eye. Those SNe with unsatisfactory fit were removed from the
further consideration (mainly the objects with bad photometrical quality). We a
extrapolated the fit to have a bigger temporal coverage. In the end we got a sample that
consists of 1999 objects.

b http://www.sdss3.org/dr8/algorithms/sdssUBVRITransform.php
¢ https://github.com/matwey/gmultistatekernel
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Based on the results of approxi mation we eX
100] days with iday bin relative to the L@aximum inr filter and the kernel parameters.

After the approxi mation procedur e, each ob
bands, 9 fitted parameters of Gaussian Process kernel, and logarithm of likelihood of the fit.
We examine two cases ofttiars search: with all features and with smaller number of features
obtained by dimensionality reduction.
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Fig2. Isolation forest applied to the two different sample data sets (left panel and right panel respectively). Redder
points are ranked as anomalies.

3.2. Dimensionality Reduction

Each object has its own pux scal anced®oe t o |
before the dimensionality reduction procedure we normalized each vector of 363
photometrical points by its maximum value and used the maximum value as one more feature.
Then, we applied-ENE [21] for dimensionality reduction of the data with 3&4tures: we
obtained 7 feature reduced data sets: from 2 to 8 features.

In Fig. 1 we show-BENE applied to sample data set in thdémensional space. One may see
that tSNE is a nonlinear dimensionality reduction technique keeping vicinity of adjacent
points.
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Tablel List of found anomalies.

Name Coordinates Object type Ref.
SN2016bin 13344549 +1351 14.3 1a-91T [7]
SN2013cv 16 22 43.16 +18 57 35.6 SN lapec [35, 5]
SN1000+0216 10 00 05.87 +02 16 23.6 SLSN [8]
SN2006kg 01 04 16.98 +00 46 08.9 AGN [4, 34, 28]

Gaial6aye 1940 01.13 +30 07 53.4 Binary microlensing eve  [1,33]

3.3. Isolation Forest

Isolation forest is an ensemble of random isolation trees. Each isolation tree is a space
partitioning tree similar to a widelgnow Kd-tree. However, in contrast to Kdee, space
coordinate (a feature) and a split value are selected at random for edergfrthe isolation
tree. This algorithm leads to an unbalanced tree unusable for spatial search, but the tree has the
following important property. A path distance between the root and a leaf is shorter on average
for points di st anacleod diant as.p aTchei sf raolm ofiwiso runs t o
trees to estimate average réeaf path distance for every data sample that we have, and then
rank the data samples based on the path length.

In Fig. 2 we show isolation forest applied to the differenhgle data sets. Note that the
maj or advantage of the isolation forest is th
distribution. At the left panel of Fig. 2 we could fit the data by two normal probability
distribution function and then find oidfs. This approach fails for the right panel of Fig. 2
where the isolation forest still succeeded.

We run the Isolation Forest algorithm on each data set (see Sect. 3.2) and obtained a list of
anomalies.

4. Results

We visually inspected 100 outliersamong a total 1999 objects. Using the publicly
available sources we checked what kind of astrophysical objects they are. The most prominent
outliers are listed in Table 1 and described below, the rest are still being studied.

4.1. Peculiar SNe la

Type la sipernova phenomenon is an explosion of a catbgigen white dwarf that exceed
the Chandrasekhar limit either by matter accretion from a companion star or by merging with
another white dwarf [32, 14, 31]. SNe la are used as universal distance laddehsince
luminosity at maximum light is approximately the same. However, SNe la can be divided by
subtypes and not all of them are suitable for cosmology.
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Fig3. Light curves in grfilters of SN 1291T 2016bin [23].

SN2016bin [7], classified by our code aanomaly, belongs to the =salled
1991 Flike-supernovae subtype (see Fig. 3). SN®1a& are characterized by higher peak
luminosity and broader LCs than a normal SN la, and different early spectrum evolution.
Another novelty is SN2013cv ([35], see Fig. Zhis peculiar supernova has large peak
optical and UV luminosity and show an absence of iron absorption lines in the early spectra.
Cau at al. suggest that SN2013cv is an intermediate case between the normal and
superChandrasekhar events [5].

4.2. Supeduminous SNe

Superl uminous SNe (SLSN) are supernovae wit
in any band. According to [10] SLSN can be divided into three broad classes: ISt ut
hydrogen in their spectra, hydroggoh SLSNII that often show gjns of interaction with
circumstellar material (CSM), and finally, SLSR, a rare class of hydroggmoor events with
slowly evolving LCs, powered by the radioactive decay’Nf.

SN 1000+0216 (Fig. 5) was discovered in the framework ofCtaeada-ranceHawaii
Telescope Legacy Survey Deep Fields and has a redshift z = 3.9. It may be an example of a
pulsational patinstability SN or a SLSNI which extreme optical emission is explained by
the strong interaction between the expanding ejetdanzassive CSM [8].

4.3. AGN

SN2006kg was erroneously classified as Type Il supernovae ([4], see Fig. 6). The following
studies identified it as an active galactic nucleus (AGN [34, 28]).

le=7 le=7 le=7
2.5
2.0 ¥ g ¥ r 1.25 - L
= 2.0 4
5 15+ 1.00 4
[
1.5
3 0.75 -
o 1.0
= 1.0 7
=<" 0.50 -
3
i 05 054 0.25 -
0. : . 0.0 - - 0.00 - -
56450 56500 56450 56500 56450 56500
MJD

Figd.Li ght curves in gri ylters of peculiar SI



106

le-11 le-10 le-10
¥ g ¥ r| 207 E

61 1.25 4
25 I
5 1.00 - 1.51
247
z 0.75 1.0
e 0.50
% 50 1

2_
& 0.5 1

1 0.25 4

01— - — 0.00 — r — 0.0 - .

54350 54400 54450 54350 54400 54450 54350 54400 54450
M|D
Fig5. Light curves in grfilters of superluminous SN1000+0216 [8].
le—-8 le—8 le-8
x ¥ X g | X r

0.8- 0.8 P
8
506 0.61
E *
©
© 0.4+ 0.4
o 0.4 4
£ 021 0.2+
T 0.2 ) 0.2

0.0 : , 0.0 . : 0.0 - :

54000 54050 54000 54050 54000 54050
MJD
Figb.Li ght curves in gri ylters of

4.4, Binary microlensing event

SN2006kg

Gaial6aye [1] is an object with the most N behaviour in our set of outliers (Fig. 7). In
[33] it was reported that Gaial6aye is a binary microlensing égatvitational microlensing
by binary system8 the first ever discovered towards the Galactic Plane.
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Fig7. Light curves in gri filters of binary microlensing event Gaial6aye
(http://gsaweb.astam.ac.uk/alerts/alert/Gaial6aye/followup)

[



107

5. Conclusions

The development of large synoptic sky surveys has led to a discovery of huge number of
supernovae and supernova candidates. Among the SN discovered every year, only 10% have
spectroscopic confirmatn. The amount of astronomical data increases dramatically with time
and already beyond human capabilities. While now community has dozens of thousands SN
candidates, during teyear survey Large Synoptic Sky Telescope (LSST, [20]) will discover
over ten nilion supernovae (and only a small fraction of them will receive a spectroscopic
confirmation). The LSST cadence will allow receiving the light curveDfdil05 SNe, but
before these SNe will be used in any physical analysis, they must be classifigubsylty
order to process this information and to extract all possible knowledge, machine learning
techniques become necessary. Such approach will allow not only to classify supernova
candidates by known types, but to reveal other variable objects (haagerparts of GW
alerts, kilonovae, GRB afterglows) that were mistakenly classified as SN and what is even
more important to detect astronomical objects with strange physical propedEsnalies.
Finding such objects (and then studying them more cfpgebf high priority and one of the
main aims of the current study.

We used the Isolation Forest algorithm to search the anomalies in the Open Supernova
Catalog. During the data pprocessing we fitted the supernova LCs in thiggé (ilters by
Gaussia processes. The GRULTISTATE-KERNEL® (Kornilov et al. 2019, in prep.) was
specially developed to introduce the correlation between the filters. As a result, we found
D 100 anomalies, among which peculiar Type la SNe, SLSN, AGN, binary microlensing
event.
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Abstract The work in the field ofmulti-messenger astrononmposesincreased requirements

to the experimental facilities andheir data acquisition systemJhereforethe fundamental
modernizationof data acquisition systems of experimental facilities of the Baksan Neutrino
Observatory (BNO) is now performed. In this paffe upgradingof data acquisition systems
and processing dats the Baksan Underound ScintillationTelescope (BUST) fiCao pah d
AAndyrchyois#iskiBsedr r ays

Keywords: EAS, VME, DAQ, GammeRay Burst, Cosmology

1. Introduction

The study of astrophysical objects by methods of rméissenger astronomy demands
increased requirements to thealatquisition (DAQ) systems. Especially it concdire fast
response astronomy, i.e. the quick searchers of other messenger partnensaédr The
development of modern experimental facilities and fast data acquisition systems (DAQ) gives
a possibity to analyze experimental data ithe reattime mode. The fundamental
modernization of data acquisition systems of experimental facilities of the Baksan Neutrino
Observatory idbeingperformed now. This modernization will make it possible to produce the
low-latency alerts from experimental facilities of BNQatgreat number of various telescopes.
New data acquisition systems of the B2adksan
and AAndyrchyo EAS arrays ar e [ubcomphtbiityn t he
with existing frontend electronics.

2. BUST

The BUST consists of four horizontal and four vertical planes. dize is
16.7x 16.7x 11.1m°>. All planes are completely covered with standard scintillatimmtes.
Eight planes of the telescope consist of 3K&ntillation counters. The existing DAQ
system, the architecture of which was developed in the 70s of the last century, does not allow
thefull use of the capabilities aftintillationcounters. The dead tinod the newDAQ system
is an order of magnitude letisan that of the previous oriEhe new system is based @WME
interface andis totally compatiblewith existing frontend electronics of the BUSTA

l



112

hodoscope opulse channels (HPC) is developed anedia iimplemented using FPGA and
LVDS chips

Figure 1showsthe functional diagram of the DAQ system. HPC consist of 31@Bnels
according to the number of scintillation counters of BUST. Constructively the entire HPC is
located in four CAMAC cratesAll crates have controlless that serve all receiving blocks of
their crates and provide data transmission and control sigmeshe V1495 module. Each
plane of the BUST is divided into groupstructures. The time measurements of eight planes
and 29 plaa structures are made by the TDC V1190 module. In this case, the signals coming
from the shaper with front compensation (SFC) should be converted from the NIM standard
to the LVDS standard.

To measure the energy release, the analog signals fromcihidlation countersare
summed by 100 and fed to the trigger block. In the triggdt the analog signalsre
matched to the wave impedanakflat cable of twisted pairfor transmitting themo QDC
V792 module. The triggeunit delays analog signals by 30 nanoseconds. Such a delay is
necessary for formation of the QDC GATE input signal before arrival of the measured analog
signals. The duration of the GATE signal must be greater than the measured signal.

The Hodoscope of amplitke channels (HAC), in contrast to QDC, measures not the
charge of the planes, but the individual charge of each counter. HAC was developed and
launched in 2002. All signals from logarithmic converters of eight BUST planes are
connected to seven CAMAC blaekin addition to the HAC blocks, a dead time DAQ block
and two fourchannel blocks with 1Bit analogdigital converters (ADC) are installed in the
crates.

Hodoscope of the

8 08 98 VME crate 80 .
Hodoscope of the pulse channels (HPC) g o2 o1 £%8% amplitude channels
s S (Eurocard) 852
e =% (HAC) "
1AL p|RL i | Al N
T\ S
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o g il A a 12bit
3 PL 4PL! ] = Dead timef 8
8¢ e S| 5|Zlcounter || | |channels
° g 3 2O
I  as " sl b\ 5o
Pl B|RL iym 516 \Analog £125(5 =) GAMAG
3 (el signals |Gate o= =[=
8| 1 M 2 2 19 o
7R | Pulse standard| | Amplitude matching block = o] |
& matching unit and trigger shaper 2 o |5
= [ &
a1 o= - 5| |9 (8
Tri I h: — to HAC f §| E }E
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Converterto | N DECAN
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Figl. Block diagram of the BUST.

To study the energy spectrum it is necessary to know not oalgrtérgy release, but also
the waveform of the signals. The waveform of signals allos# separate useful signal
from the noise and to analyze parameters of particles, to study the decay processes inside the
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scintillation counters. The total energyle@se signals from the eight planes are fed to the
inputs of the NI PCI 5124 fast ADC boards located in the industrial computer. The ADC
boards make it possible to measure the energy release of events with high accuracy, which
allows studying the energy egtrum of neutrinos emitted by collapsing stars.

DECAN time
in Manchester code Industrial
computer 2
E
Analog ) @
3180 xlo
313? adder 0o d 2
scintillation +P =
I—l_Ll detectors (£400) —O 2|5
") o E
1+ 171 Jw
BUST \ |
ADC A Ethernet
NI PCI 5124

Fig2. Functional diagram of signal form measurement from each plane by fast ADC.

3. hGaopet

The diagram of the D2A® E p8ismaventedh Figg3hThis ¢ Car p
array consistsofthger ound part of the ¢Carpeté (400 1
covering square of 200 3n six remote vans (in each vahere arel8 similar liquid
scintillation counters), and an underground Muon Detector (MD) with an area of*(15%n
plastc scintillation counters). Signals from six remote vans are used to determine the direction
of arrival of showers. EAS muon component with energy above 1 GeV is registered by MD.

Analog signals from ¢Carpeté and QGnamppg modu
passes into trigger block 2, in which the GATE control signal for QDC is generated, the cable
delay of all analog signals is produced and then signals are fed to the measuring inputs QDC
V792 module. The second parts of signals via SFC are feigder block 1. There the signals
are converted from NIM to the LVDS standard and are fed to the measuring inputs TDC
VV1190B module.

The signals from MD come in different kinds: analog, signals from SFC, signals from
logarithmic converter, and signals fmoRC converters. In MD, the analog signals from
scintillation counters are summed by 35 (5 signals) and fed to the inputs of QDC module
implemented in the CAMAC standard. Also, these signals are summed and fed to the 6th input
QDC. Signals from RC converte(175 signals) are fed to the hodoscope inputs of amplitude
channels implemented in the CAMAC standard

The MD is being upgraded. It is planned to connect 205 already manufactured detectors.
The MD DAQ system based on CAMAC standard will be replacetidgystem in the VME
standard.
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Fig3. Block diagram of the "Carp&t" EAS array.

AAna@yrchy

DAQ

system E&ASatrdyFighiAsdyr mhiyar-2®AQ t he
system discussed above. Energy release of the 36 scintillation counters is measured by the
QDC V792 and V965A modules. The analog signals in this case pass through the QDC
trigger block 2and fed tothe inputs ofQDC V792and V965A modules, as in the preus
scheme, the analog signals atsodelayed. The signals from the RC converters are fed to

the TDC triggerblock 1, from which, after conversion to the LVDS standard, are fed to
inputs ofthe TDC V1190Bmoduleand, through the TB24/DC3 galvanic istation board,

to the modules UNIE®6-5 to measure count rates of all scintillation counters oétteey

i C.
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5. Software, data storage and transmission

The structure of oh i ne pr ogr ams -200n BBATdyfMi ChypetEAS
the following architecture: at the beginning the equipment is initialized, then several data
reading streams from devices and several information processing flows are formed. DAQ
systems transfer the collected information te file-server. Two dedicated workstations
process the received information (Big.First, the EAS direction is calculated in the local
coordinate system, then in the astronomical one. Then the search for spatiotemporal
concentrations (clusters) of showers recorded by the Underground Telescope or EAS array is
performed. Search resulise written to files on a dedicated server. A dedicated server sends
information to the mailing list and provides access via HHTP and FTP. Currently, three event
search algorithms are performed durihgprocessingf information: the search for neutrino
events in the BUST, the search for event clusters on the BUST, and the search for clusters of
shower s at2 0t hEeA SAi Gaarrr paeyt.

The main problem in searching of clusters from astrophysical object is their separation from
background ones. For the probleifrfinding clusters, a method tife separating of events [7]
was developed. The method has high reliability of separating events from the background
according on the multiplicity of cluster events and time interval of cluster.

N
B—8—Q —

BUST Online computer
FILE SERVER

—
I|:>E
Carpet Online computer INTERNET
| — —
Andyrchy Onlne computer

HTTP, FTP and MAIL SERVER

‘\Qi

»
Data processing computer

GRS

Data processmg computer

Fig5. Network diagram

6. Conclusion

At present the fundamental modernization of data acquisition systems of experimental
facilities of BaksanNeutrino Observatory is performedThis modernization will make it
possible to produce the lelatency alerts from experimental facilitiet BNO to thegreat
numberof variousexperimental facilitiesincluding globahets ofopticalrobotic telescopes.

ar
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Abstract Regardless ofthe progenitor and central enginthe gammaray burst (GRB)
afterglows are produced by the synchrotron emission external forward sbwik.and the
groundbased telescopes provideich eay afterglow data which revealedany unexpected and
interesting featuresBased on thestatisticsof a large GRB samplehis paper gives a brief
introduction of the GRB optical afterglow, including obsgions, emission components and the
aft er gl oahromdicorzchrematitd . The afterglows provide a v
between the afterglows and prompt emission to reveal the veil of the progenitor, central engine,
ejecta composition and radiati mechanism. GRB 140323A is a good cagerpreted with
circumburst medium transitiofiom astellar windto a homogenous density medium in the external
shock model. GRB40419A andl150910Aare good casdffor a magnetar spin down to a stable
neutron staand the collapse in black hole, respectively

Keywords: GammaRays Bursts: General, Methods: Statistical, Radiation Mechanisms:
Non-Thermal

1. Introduction

Gammaray bursts(GRB9 are the most luminous phenomena observed irlihigerse,
with an isotropico-ray energy up to Eis,~10erg[1], and theyare still mysteries after 46
yearssince they were first discovered bfgla Satellited2]. Based on the observations, e.g.,
long GRBs associated with supernovae and the shortéaRBe detected associated with the
gravitationalwaves(GW170817GRB 170817A),ltey have been proposed to originate from a
super-massive black hole or a rapidly spinning magnetized neutron star during core collapses
of massive stars or mergers of binapmpact objects. (e.d3-10]).

Regardless ofhe progenitor and central enginereativistic jet is launched, which is
decelerated by eircumburst medium by a pair of external (forward aenkrse) shocks he
reverse shock is likely shdlived. Theforward shockcontinues to plow into themedium as
the jet is decelerated. The synchrotron radiation of electrons accelerated from the external
forward shock powerghe broadband electromagnetic radiatiauring the interaction
between the fireball ejextandthe circumburst mediupand produce thieroadband afterglow
of GRBs[11-16]. SinceSwiftsatellite launched [178bundanandcomplicatedoroperties can
be discovered by scientisthe afterglows provide a very important window between the
afterglowand prompt emission to reveal the veil of the progenitor, central engine, ejecta
composition and radiation mechanism.

This paper gives a brief introduction of the GRB optical afterglow, including the
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observations, emission components in Section 2; the dabbut the afterglow puzzle
fiachromatic or chromatic?06 is in Section 3; &
Section 4; and then we give a summary in Section 5.

2.Observations

Broadband GRB afterglows were predicted before their discov@jigd.1], [18]. Shortly
after the paper gfredictions for the broaldand afterglow based on the external shockiel
canbeseenintipublicat i on boyand/Reesa Beb. 10, 199[11], 18 days later, (Feb.
28, 1997)the first X-ray and optical afterglows were discovefedGRB 97022819], [20].
69 days later, the firstadio afterglow wagliscovered for GRB 97050R1]. Afterglow
observations are routinelyrceed out nowadays.

The GRB optical afterglow observations are relied on the grinased telescopes. In the
pre-Swiftera [22] observationsisually started several hours after the burst trigeasnks to
rapid Swifbs trigger and the rapid grupuetescopmot i f i
network (GCN), we obtain a lot of optical data. Figure 1 show<3RR8 optical afterglow
apparent magnitude distributiof33]. We can observe the optical just after severabisds
later, e.g. GRB 08319B, 080413A and 130427A.For some GRBs the optical prompt emission
also can be discovered, eGRB 990123, 041219, 050401, 050820A, 061121, 0809T3 .
opened a newindow to the studpf GRBs. The launch of the higgnergy mis®n Fermiand
other programs, e.gMAGIC [24], KonusWind [25], InsightHXMT [26], Suzaku [27]has
led to discovery of an extended GeV afterglow erais$or manybright GRBs, e.g. 090902B,
130427A and 190114C.
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Figl. GRB optical afterglow apparent m@igude distributions [wang 2013]

One can see that thedividual X-ray/optical light arrves differ significantlyReferencg28]
after synthesizing thBwiftXRT light curves,summarizes the observatiormabperties of the
X-ray afterglow emission d#/e-component canonical -¥ay light curve[28] (as shown in
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the left panel of Figure)2
1 |. Steep decay phasehich is the tail of prompt emission;

1 1. Shallow decay phase (or plateawhich is incorporated within the external
shock, and need continumenergy injection into the blast wajas-30];
1 1. Normal decay phasewhich is the typical decay expected in thandard

forward shock afterglow model;

1 IV. Late steepening phasehich is the jet break expected in tsendard forward
shock afterglowmodel;

1 V. X-ray fares, whiclarerelated to late centrangine activities.

Similarly, the synthetic optical light curve includeight components, whichave distinct
physical origins.

The joint lightcurve of optical and Xay afterglows also can lakelineated as a canonical
light curve, which generally includeésemission componen{81]. Thesecomponents are as
follows.

1 la. Prompt & late optical flaresvhich is related thpromptemission

1 Ib. Reversed shock emissiomhich isan earlyoptical flare from the reverse shock in
thestandard forward shock afterglow modabsewing only in few cases

9 1. Shallow decay:which needenergy injection from ceer engine

9 lll. Standard afterglow componewith an onset hump followeldy a normal dcay
segment,which is the typical decay expected in teBtandard forward shock
afterglow model

1 IV. Postjet-break phaseyhich is the jet break expected in te@andard forward
shock afterglow model;

1 V: Optical flareswhich is related theromptemissian,

1 VI Rebrightening humps, which &imilar to the early afterglow onsetmp but
occurs much later;

91 VIl Late supernova (SN) bumps.

Components 11V in the optical light curvesan find their counterparts Kray. It should be
notified that mt all GRBs show all thessomponents.
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Fig2. Left: Synthetic Cartoon-Kay Light Curve Based on the Observational Data from the Swift Rijht:
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3. Achromatic or Chromatic?

According to such an interpretatitimt the afterglow comes from the external shdofge
are two types of temporal breaks. The foseis related toa characteristiérequencyin the
observational band 3], e.g. spectrdireaks occur at different epochs in differenéergy bands
(calledchromatig. The seconaneis related to the hydrodynamic or geomepioperties of
the systemtemporal breaks in different energy bands (e.graXand optical bands) should
occurarourd the same observational time (callethm@matig. The observations show that
there areno spectral changes across the brgale [32-33], and the theoretical simulations
also show spectral beaks are very smoothtemdly observablg84]. However, some dbors
based on thetatisticaldata shows that most GRB afterglows are chromistithe multiband
afterglow &hromatic or chromaticRctually, the answer is related to the opgrestion: how
bad or how good are the external forward showldels in interpeting the GRB afterglow
data?

Trying to answer this question, referenc&][8ystematically investigatieall Swift GRBs
that have Xray and optical afterglow datancluding900 X-ray light curves from th&wift
XRT data archiveand260 optical light curves from published papers or GCN CircuBased
on the rich afterglow datand using the closure relation predicted by the external shock model,
at leastD53% of GRBscan be interpreted within the external shock madésto D96% of
GRBs may be accounted for external shock modehéch need anore advanced modeling
invoked, e.g., londasting reverse shock, structured jets, arbitrary circumburst medium
density profile.Only less than 4% GRBwith direct evidence of chromatlmehavnors, can be
classified agruly violateexternal shock models.

4. Recently interesting observations

As is known, the afterglow not only can present the properties of the external shock, but also
provide a very important windot constrain the physics pfogenitor, central engine, ejecta
composition and radiation mechanism. Grotnaded optical telescopes continue to observe
the GRB afterglow, e.gKAIT [36], GWAC-F60, TNT [3], SAO-RAS [38], ISON-NM [39],

NOT [40], GROND [41], BOOTES [£], MONDY [43], MASTER [44]. Herewe list the GRB
140423A, 140419A and 150910A as an example.

The optical observation shows that GRB 140423A have an onset bumps in the early epoch
[45], then show steeper &  p®) to flatter decay) *  p@® with a break at5000 s. It can
be well interpreted with the standard external shock model by considering the circumburst
medium which transited from a stellar wind having a density distributi@n® O to a
homogenous density medium.

The GRBs central engines coultk a Hack hole with accretion disk systems ar
millisecond magnetar. When a millisecond magnetar as central engine for a long GRB, they
can produce an internal plateau as it spins down in the afterglow light curves. If the post
plateau the temporal decay indexsteeper tin -3, it may indicate that the magnetar collapse
into a black hole. If the mass of the magnetar is not so massive, it may spin down to a stable
neutron star, and post plateau decay index betw2esnd-3. GRB 140419A [46] and
150910A p7] are god cassfor a magnetar spin down to stable neutron star and collapse in
black hole, respectively. For GRB 14041%#¢ obtain the magnetar parameters viithgnetic
field of the magnetaBy, the spin period of the magnefy, and the radiative affiency of
prompt e mbD1§'sG, D ®96 thsandd 2.2%, respectively. However, the radiative
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efficiency of internal plateauw is larger than 18.1%~or GRB 150910Athe deriving of

physical pareeters othe putative magnetar is B (0.96D 1.52) ms and@p D (0.41D 1.03)
| %@, respectively.

5. Summarizes

The scientist have learn a lot of the GRB in the past a half century. However, there are still a
lot things we need to understand more, prggeritor, central engine, ejecta composition and
radiation mechanism, and will push the observation forwards. The GRBs occur randomly in
space at unknown time. We not only need the larger space mission to detect the high energy
emission in the future, e.g., ®M [48], ATHENA [49], HESEUS[50], eXTP[51], ET [52],

TAP [53] and ISSTAO. We also need large survey grotimalsed optical telescopes with
deeper detection ability, to discover or follow the G transients. We believe the next
decade wilbeanexciting era of GRB study.
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Abstract Two exotic elements have been introduced into the standard cosmological model:

nonbaryonic dark matreand dark energy. The successconverting a hypothesis into a solid
theory depends strongly on whether we @k to solve the problems in explaining observations
with these dark elemen@nd whether the solutions of these problems are unique wthbin
standardparadigm without recourse to alternative scenarios. We have not achieveddteds

yet because of humerous inconsistencies, mainly on galactic scalesnttietection so far of
candidate particles for dark matter, and the existefceary alternative hypotheses that might
substitute the standard pictureegplain the cosmological observations. A review of some ideas
and facts igiven here.

Keywords: Dark Matter, Dark Energy

1. History of the idea of Dark Matter

The existence of dark amvisible matter detectable through its gravitatioinfluence has
been known by astronomers for a long time now [14]. Bessel [15] in 4&fsed that the
observed proper motions of the stars Sirius and Procyon cowdgptened only in terms of
the presnce of faint companion stars. In 1846, Le Veraied Adams independently predicted
the existence of Neptune based on calculatmhthe anomalous motions of Uranus. Le
Verrier later proposed the existence of fi@net Vulcan to explain anomalies in thbit of
Mercury, but he failed this timieecause the solution was not invisible matter but a change of
gravitational laws, asvas solved years later by Einstein with General Relativity. The
dynamical analysief dark matter in form of faint stars in thilky Way using the motion of
starswas carried out by Lord Kelvin in 1904, Poin®ar 1906 ¥ pik in 1915, Kapteyn in1922,
Jeans in 1922, Lindblad in 1926, and Oort in 1932 with different results [14].

With regard to extr agad] ¥83tpaper oradark maiter icimy
clusters applied the virial theorem to these data and found atoaligist ratio of ~60 in solar
units (rescaled to the preseatay value of the Hubble constarit).1959 Kahn & Woltjer [39]
determined the mass of thecal Group and obtainealmasgo-light ratio of 43 in solar units.

In the 1950s, Page [71, 72] also fouhdt pairs of elliptical galaxies had a masdight ratio

N Reprint from @nferencdiCo s mol ogy on S nvichal KS®lcpad Yeirsi Dubnid (E8sdnstitute of
Mathematics CAS, Praguby courtesy of the author.
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of 66 in solar units. Thishowed that such binaries must have massive envelopes or be
embedded in a massie®mmon envelope. Similar results were obtained in the 1950s from 26
binary galaxiedy Holmberg [36]. In 1939 Babcock [5] first showed the need for dark matter
for anindividual galaxy by measuring the rotation curve of the outer negaddM31 outo 100
arcminutes @ 20 kpc) from its center. However, the majority of astronordatsiot become
convinced of the need for dark matter halos in galaxies untiptidication of theoretical
papers in the 1970s, such as the one ost#imslity ofgalactic disks by Ostriker & Peebles [69].
Later, rotation curves in the radio by AlbBasma [18] and in the visible by Vera Rubin, Kent
Ford, and Nortbert Thonnard [78Bsily convinced the community. This shows the typical
mentality of agbphysicistsaccepting facts only when there is a theory to support them with
an explanation, aot-so-empirical approach that dominates the development of cosmology.

Cosmology has indeed played a very important role in the idea of dark matiatastic
scales. The first predictions based on Cosmic Microwave BackgioRadiationCMBR)
anisotropies were wrong. It was predicted in the 1960saiiBt/sfould be one part in a
hundred or a thousand [80]; however, fluctuations withatiplitude could notdédfound from
observations in the 1970s. In order to solve thigblem, norbaryonic dark matter was
introducedad hocand was thought to beomposed of certain mysterious particles different
from known matter. In a shotiime, the connection between pelgi physics and the missing
mass problem in galaxiearose. Many astrophysicists considered dark matter halos
surrounding galaxieand galaxy clusters possibly to consist of a gas ofhagonic particles
rather tharfaint stars or other astrophysical ebjfs. This was a happy idea without any proof;
there is no proof that directly connects the problem of the amplitude of CAfigRtropies
with the rotation curves of galaxies or the missing mass in clustetthebidiea was pushed by
leading cosmologistsvho made the idea fashionable amdhg rest of the astrophysical
community.

Part ofthe success of these nbaryonic dark matter scenarios in the halos ofgdlexies
was due to the good agreement of simulations of large scale structuréhevitsergd
distributions of galaxies. At first, in the 1980s, with the attempt tihditdata using hot dark
matter composed of neutrinos, the simulations showedvérgtlarge structures should be
formed first and only later go on to form galasigedhalos though fragmentation, which did
not match the observations [99], whereadd dark matter (CDM) models were more
successful, at least on large scales #t).

This tendency towards selling a prediction of failure as a success for avizottedad hoc
introduction of some convenient form of unknown dark matter @télails. An instance of
this predilection is the introduction in 2018 of some pecitian of dark mattef8] in order to
cool the gas at A 18 and solving the discrepanci@sthe measurenmés of 21 cm line
amplitude with respect to trepriori predictiong19].

2. Dark matter and inconsistencies of the theory at galactic scales

That there is some dark matter, either baryonic ofls@mgonic, is clear, but homuch, and
what is its natureThe success of the standard model in convertihgpathesis into a solid
theory depends strongly on the answer to these open queStieltes. and cold gas in galaxies
sum to baryonic matter content thatyis % of thetotal amount of the predicted Bang
baryonic matter [10]. Where is the resttbé baryonic material? What is the nature of the
putative norbaryonic dark matterequired to achieve the current valueggfa 0.3?
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Current CDM models predict the existence of dark matter haloes forgedeky whose
density profile falls approximately as?r although the original idea [98] concerning
hierarchical structures with CDM, which gave birth to the presentdels,was that the dark
matter was distributed without internal substructure, more dikalo with galaxies than
galaxies with a halo [9], something similar to the scenar[6in52].

Some authors have been led to question the very existence of this darkomajftdactic
scales since its evidence is weak [9, 59, 29, 90] and the poedicto nofit the observations:
CDM has a fdAsmal/l scal e cr i sthegdaxiesithatame vetyher e a
different from the predictions of the cosmological modEinetheless, many researchers are
eagerly trying to find solutions that k& dataand model compatible, assuming a priori that
t he model @ msomeofthe @roblemsarerthe ltowing.

There is a problem with an observed lower density of the halo in the inner ghtaxy
predicted.s CDM (CDM including as term for thecosmological constans e e A5) predi
halo mass profiles with cuspy cores and low outer density, vdrising and dynamical
observations indicate a central core of constant density diadtish high dark mass density
outer profile [74]. The possiblsolutions of corecusp problem without abandoning the
standard model are: bhalo friction, whichreduces the density of the halo in the inner galaxy
[85]; haloes around galaxies miagve undergone a compression by the stellar disc [33] or/and
sufferedfrom the effectof baryonic physics [23].

Another problem is that the predicted angular momentum is much less thainsthreed
one. Binney et al. [16] claim that the problem of an excess of prediat&dnatter within the
optical bodies and the fact tithe observed discs are mualger than expected can be solved
if a considerable mass of low angular momentbamyons is ejected (massive galactic
outflows) and the discs are formed later fromhfgh angular momentum baryons which fell
in the galaxy. Tie conspiracy problem is also solved if the ejection begins onlyMggen{r)
~ Myark mattefr). Another solution within the standard cosmological model for the angular
momentum probleris the tidal interaction of objects populating the primordial saatether
with theCoriolis force due to void rotation [21].

Another fact that could cast doubt upon the existence of very massive hdéok ofatter is
that strong bars rotating in dense halos should generally slow devihey lose angular
momentum tdahe halo through dynamical friction [22], wherghs observed pattern speed of
galactic bars indicates that almost all of them rotptite fast [1]. There should be a net
transference of angular momentum from larkalos, although friction can be asted under
some special conditions [86].

The enclosed dynamical matsslight ratio increases with decreasing galaxy luminosity
and surface brightness, which is not predicted by dark matter scelé@jios

Galaxies dominate the halo with little substructwrereas the model predidtsat galaxies
should be scaled versions of galaxy clusters with abundant substri25urs8]. Moreover,

s CDM simulations predict that the majority of the mosissive subhalos of the Milky Way
are too dense to host any of lisght satelliteqL, > 105 L ) [20]. Also, the distribution of
satellites is in a plane, incompatilvléth s CDM [43, 42, 73]. Kroupa [44] says that these are
arguments against thstandard model in which one cannot make the typical rebuff of
incompletenes ofknowledge of baryonic physics. Furthermore, there is a correlation between
bulgemass and the number of luminous satellites in tidal streams [43, 55] thapiedicted

by the standard model, and it is predicted by models of modified graiftgut dark matter.

The disc of satellites and bulgatellite correlation suggesiat dissipatie events forming
bulges are related to the processes forming pbaescorrelated satellite populations. These
events are well known to occur, sincegadaxy encounters energy and angular momentum are
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expelled in the form of tidatails, which can fragment to form populations of tidatarf
galaxies and associatsthr clusters. If Local Group satellite galaxies are to be interpreted as
Tidal Dwarfgalaxiesghen the substructure predictions of the standard cosmological model are
internally in conflict [43].

Perhaps, that most severe caveat to retain the hypothesis of dark matteaftethationg
time looking for it, it has not yet been found, althougim-discoverydoes not mean that it
does not exist. Microlensing surveys [45, 92] constrain the ofat® halo in our Galaxy in
the form of dim stars and brown dwarfs to be mleds than that necessary for dark matter
halos. In any case, as already meméid,the primordial nucleosynthesis model constrains
baryonic matter to be around 1086 the total mass [10], so these objects could not be
compatible with the preferrecbsmological model. Some observations are inconsistent with
the dominant darknattercomponent being dissipationless [67]. Neither massive black hole
halos [66]nor intermediatenass primordial black holes [61] provide a consistent scenario.
The nature of dark matter has been investigated and there are no suitable caadiatgs
astrophgical objects.

3. Dark matter particles

The other possibility is that dark matter is not concentrated in any kind of astrophysical
object but in a gas of exotic ndraryonic particles. There are three possityees of
candidates [14]: 1) particlggedicted by the supersymmetry hypothestsich are electrically
neutral and not strongly interacting, including superpartnereofrinos, photons, Z bosons,
Higgs bosons, gravitons, and others (neutralinos Hzeen the most recently studied
candidatesn the last decades); 2) axions, typicaliith masses between 'fand 16* eV,
predicted to resolve certain problemguantum chromodynamics; and 3) Weakly Interacting
Massive Particles (WIMPs)yhich are those particles that interact through the iaale.

The latest attempts to search for exotic particles have also finished without success.
Technologies used to directly detect a dark matter particle have failed to ahyapositive
result [57, 49]. Attempts have also been made to detect neugraliiio the MAGIC and
HESS Cerenkov telescope systems for very high energy gammtanaygh their Cherenkov
radiation, but so far without success and only emisagsociated with the Galaxy has been
found [3]. Dwarf galaxies are expected to haigh ratios of dark matter and low gamma ray
emission due to other astrophysipabcesses so the search is focused on these galaxies, but
without positive resultsAs usual, the scientists involved in these projects attribute their failure
of detectionto theinability of the detectors to reach the necessary lower cross section of the
interaction,or to the possibility that they may bé & orders of magnitude below tpessible
flux of gamma rays emitted by dark matter [83], and ask for more funidiogntinueto feed
their illusions: a neveending story. As pointed out by DavMerritt [63], this will never
constitute a falsification of the CDM model because althosigtcess of detection will
confirm the standard paradigm, ndatection is notised to discard.

4. Scenarios without norbaryonic cold dark matter

Note also that some other dynamical problems in which dark matter haslbeeed as
necessary can indeed be solved without dark matter: galactic stf@8ljtgr warp creation
[52], for instance. Btation curves in spiral galaxies candlained without no#baryonic
dark matter with magnetic fields [9], or modifigdavity [81], or baryonic dark matter in the
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outer disc [31] or nowircular orbits inthe outer disc [13]. Velocities in galaxy paaad
satellites might also measure timass of the intergalactic medium filling the space between
the members of the paif51, 52] rather than the mass of dark haloes associated with the
galaxies.

The most popular alternative to dark matter is the madifo of gravity lawsproposed in
MOND (Modified Newtonian Dynamics; [82]), which modifies the Newtoniaw for
accel erati on s¥h/® Thiswastintprnciplelahehomén6logical approach. It
was attempted to incorporate elements that ntat@mpatible with more general gravitation
theories. The AQUAdratic Lagrangian theory (AUQAL) [11] expanded MOND to preserve
the conservation of momenturangular momentum, and energy, and follow the weak
equivalence principleLater, arelativistic graviation theory of MOND would be developed
under the name TensWectorScalar (TeVeS) [12], which also tried to provide consistency
with certain cosmologicalobservations, including gravitational lensing. However, the
successes ®MIOND and its relativistizersion are mostly limited to galactic scales and cannot
compete witls CDM to explain the largscale structure and other cosmologisaddictions.
Moreover, a search was made for evidence of the MOND statenetefirestrial laboratory:

a sensitive toiien balance was employed to measure saw@lelerations due to gravity, and no
deviations from the mweeei dtoiucmds dofws M&.wt dn ds
Therefore, unless these experiments am®ng, or we interpret the transition regime
accel er at'nushin terhs ofiofallaisolute acceleration (including the acceleration

of the Earth, Sun, etc.) rathénan the relative one, MOND/TeVes is falsified by this
experiment.

There are also proposals that the dark matter necessapwéorsany problemsnay be
baryonic: positively charged, baryonic (protons and helium nuclei) parféswhich are
massive and weakly interacting, but only when moving at relativislocities; simple
composite systems that include nucleons but tilldosund together by comparable electric
and magnetic forces [58], making up a thbeelys y st em #fAt r emwdyrsystend or f
Afquatrinoso; ant i pagravitatiohakcharge[B5], et have negatdi

I'n my opinion, t he mat onbyloremrobdem bub maadifférentmat t er
problems within astrophysics that might have different solutions. Thetiggathe same
nortbaryonic dark matter necessary to explain the low anisotroptbe IEMBR is going to
solve the largescale structure digbution, the lack of visiblenatter in clusters, the dispersion
of velocities of their galaxies, the measuremerfitgravitational lensing, the rotation curves,
etc., is a happy fantasy that has dominatsttophysics for the last 40 years. It would be
wonderful if we also get a hapgnding with the discovery of the particles of dark matter that
constitute the darkalos of galaxies, but, in absence of that outcome, maybe it would be
prudent to bebn a combination of different elements to explain th&reset of unexplained
phenomenapossibly some baryonic dark matter in some cases, possibly a modifioation
gravity is part of the explanation for a wide set of events, and maybe coldmadidr
dominates some phenomena and hot dark matter other peao@ertainlya unified picture
of a unique notbaryonic type of cold dark matter to explawerything would be a simpler
and more elegant hypothesis; the question, howeéwenpt one of simplicity but one of
ascertaining how reality is, whether simpkecomplex.

C
\
0

5. Dark energy and the cosmological constant or quintessence

The question of the cosmological constant to maintain a static universe [7€n&dered
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Einsteinbds biggest bl un d ére [46] iamsdequations ferals @ nt r
evolution of the expanding universe. Indeed, it is equivalenpdsiting an attractive
gravitational acceleratiom ( r )  =?+Br GlAdy proposely Newton for B < 0, but with

B > 0 instead [41]. It is not usual physics bart exotic suggestionsince the usual
thermodynamics for fluids with positive heedpacity and positive compressibility is not
applicable to dark energy with negatipeessure [7].

Twenty-five years ago, most cosmologists did not favour the scenarios domiatbe
cosmologeal constant [32]. In the eighties, the cosmological constant masy times
disregarded as an unnecessary encumbrance, or its value was set[80]zaand all the
observations gave a null or almost null value. However, since pthbtems in cosmology
have risen, many cos mol o gehliged hat aof; rahgm@frome gi nn
0.70 to 0.80 could solve many problems in CRbsmology [28]. Years later, evidence for
such a value of the cosmological constaedgan to arrive. A brilliant préction or a prejudice
which conditions the actuateasurements?

All present claims about the existence of dark energy have meagyrédrough its
dependence on the luminosity distance vs. redshift dependence [27]. imdti€90s the
position of the firspeak in the power spectrum of the CMBR wagermined to be &té 200.
White et al. in 1996 [97] realized that the preferstandard model at that time (an open
universe withg = & 0.2 and withoutlark energy) did not fit the observations, so thaft
needed a largeq . Between1997 and 2000 a change of mentality in standard cosmology
occurred. This was onef the elements, together with Type la Supernovae (SN la)
observations and the ageoblem of the universe, that would encourage cosmologists to
include a new ad hoglement: dark energy.

One measurement of the cosmological constant comes nowadays from supevhogae,
fainterthanexpected luminosity in distant galaxies can be explained witmtieeluction of
the cosmological constant. It wasticized as being due possiblyitdergalactic dust [2, 34,

64]. The presence of grey dust is not necessarily inconsigiiirnthe measure of a supernova
atz=1.7 (SN 1997ff) [34]. Dimming bglust along the line of sight, predominantly in the host
galaxy of the SN explosion, @ne of the main sources of systematic uncertainties [40]. Also,
there was an underestimadé the effects of host galaxy extinction: a factor which may
contribute toapparent faintness of highsupernovae is the evolution tiie host galaxy
extinctionwith z[78]; therefore, with a consistent treatment of host galaxy extinction and the
elimination of supernovae not observed before maximum, the evidence for a ppsitinet

very significant. Fitting the corrected luminostistances (corrected famernal extinctions)

with cosmological models Balazs et al. [6] concluded that the SNIa data alone did not exclude
the possibility of the = 0 solution.

SNe la also possibly have a metallicity dependence and this would impthelexidence
for a nonzero cosmological constant from the SNla Hubble Diagram begubject to
corrections for metallicity that are as big as the effects of cosm{@adyThe old supernovae
might be intrinsically fainter than the local ones, anddt&mological constant would not be
needed [24]. As a matter of fact, some casash as SNL®3D3bb, have an exceptionally
high luminosity [37]. Claims have beenade about the possible existence of two classes of
NormalBright SNe la [76]. Ifthere is asystematic evolution in the metallicity of SN la
progenitors, this couldffect the determination of cosmological parameters. This metallicity
effect couldbe substantially larger than has been estimated previously and could quantitatively
evaluate the imprtance of metallicity evolution for determining cosmological paramgtéis
In principle, a moderate and plausible amount of metallicity evolutionld mimic a
s -dominated, a flat universe in an opsnfree universe. However, theffect of metallicity
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evolution appears not to be large enough to explain thezfitia data in a flat universe, for
which there is strong independent evidence, witlaoetsmological constant.

Furthermore, our limited knowledge of the SN properties in thiahd has beedentified
as another main source of uncertainty in the determination of cosmolpgreaheters [40].
And the standard technique with SNe la consists in using spectroseomitates, built by
averaging spectra of well observed (mostly nearby) $eThus, the uncertainty in
K-corrections depends primarily on the spectroscdpiersity of SNe la.

Even if we accept the presesdy SN la analyses as correct and without any bras
selection effect, other cosmologies may explain the apparent cosmic acoelef&Ne la
without introducing a cosmological constant into the standard Einsteinefigldtion, thus
negating the necessity for the existence of dark energy [88]. Hner®our distinguishing
features of these models: 1) the speed of light and théagianalic onst ant 6 are not
but vary with the evolution of the universe ti)e has no beginning and no end, 3) the spatial
section of the universe is asphere,and 4) the universe experiences phases of both
acceleration and deceleration. Anhomogeneousisotropic universe described by a
Lemadtrei Tolmari Bondi solution ofEi nst ei nds fields equations <c
acceleration of the expansiaithout dark energy [77]. QuaSiteadyState theory predicts a
decelerating universat the present era, it explains successfully the recent SNe la observations
[95].Car mel i 6s cosmol ogy fits data for datk accel e
matter or dark energy [68]. Thompson [91] used available measureméms frnstraits on
the variation the proton to mass electron with redshift, andapith=U 7 '9he finds that
almost all of the dark energy models using the commerpected values or parameters are
excluded. A static universe can also fit fupernovae data thiout dark energy [89, 47, 54, 30,
56].

There are other sources ®fmeasurement such as the anisotropies of the CN\dBRhey
are not free of inaccuracies owing to contamination and anomalies fourj@3n &4]. In the
last two decades, many proofs bayeen presented to the commundtyconvince us that the
definitive cosmology hag s & 0.7, which is surprising takinigito account that in the rest of
the history of the observational cosmology protfsve been presented fays & O.
Furthermore, recenésts indicate that other valum® available in the literature. For instance,
from the test angular size vs. redsffidft ultracompact radio sources, it is obtained has
negative [38]. Using the brightest galaxies in clusters, the fit in the Hubadgadch is
compatible with anonaccelerated universe insteadogf = 0.7 [94, 4]. Concordance models
producefar more high redshift massive clusters than observed in all existimy Xurveys
[17].

The actual values af s have some consistency problemtie standard scenaraf the
inflationary Big Bang. The cosmological constant predicted by quantumtfietuty has a
value much larger than those derived from observational cosmdltig.is because the
vacuum energy in quantum field theory takes thenfaf the cosmological constant in
Einsteinbés equations. | fUniflech Theoaytepochnthetpreserit p | ac
value would be too low by a facter 10 *°® andif the inflation took place at the quantum
gravity epoch, the above factor woudd lower still at~10 *?° [96]. The intrinsic absence of
pressure in thel&8BiguBasegoMbdéhe concept of
some opinions [65].

Furthermore, the standard model has some surprising coincidences. Theceiiscidence
that now the deceleration of the Hubble flow is compensatdtibgcceleration of the dark
energy; the average acceleration throughout the histiotlge universe is almost null [62].
Again, everything is far from being propetnderstood.
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Spatial distribution of gamma-ray bursts (both in redshift
and in the angular sky position)
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Abstract Gammaray bursts (GRBs) are at cosmological distances. Because there is no gap at

the Galactic planethey can well serve to test the fulfilment of the cosmological principle
requiring a spatially homogeneous and isotropi
his collaboratorsdé6 efforts ar e-bahinrredshiftandinconcer
the angular distribution. Bold anisotropies are found in the dataset gained by the BATSE
instrument of the Compton Gamma Ray Observatory

Keywords: GammaRay Burst, Spatial Distribution, Redshift

1. Introduction

The observable part of the universe is finite and hasthesdof 0 1T 20) Gpc dep
on the omega parameters. On the other hand, the redshifts of observed objects can be
arbitrarily large. The relevant exact formulas for this behavior can be fogndineWNeinberg
(1972) and Carroll et al. (1992). In this observable part the cosmological principle should be
fulfilled, i.e. the Universe should be spatially homogeneous and isotropic on scales larger than
the size of any structure, because in accorlanevi t h t he cosmol ogi cal p
scale average the visible parts of our uni ve
page 15). But, on the other hand, the averaging should happen far bebywth® 1 20) Gp
scales.

Trivially, any observational results from the high redshifts regions of the Universe are
highly useful from the cosmological point of view. For smaller redshifts, say Bl zthe
Universe is hardly homogeneous and isotropic (see, e.g., Yadav et al. (2010) arsleTlalwe
(2013))- for larger redshifts there are also some hints about the possible departure from the
isotropy (cf. Birch (1982)).

The gammaay bursts (GRBs) are partly at higher redshifts (for the survey of the topic see,

e.g., Vedrenne &Atteia (2009)). In addition, they are not vanishing at the Galactic plane.
Hence, they are ideal objects to test observationally the fulfilment of the cosmological
principle.

In this contribution the statistical studies of the spatial distribution ofnga@ray bursts
(GRBs)- done mainly by the author and his colleguase briefly summarized.

2 Redshifts

Probably the first article about the redshifts of GRBs was presented by Usov & Chibisov
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(1975). The article claims that, if GRBs are at cosmologiistances, there should be a

deviation fromthe lofN(>F)® ( 1 3 / ZF)elatiomexpected for the Euclidean spd¢es the

so called peaflux, andN(> F) denotes the number of bursts having bigger fkeades than

F). In addition, from the character thfis deviation the redshifts of objects can be deduced. In
1986, i . e. at the year when even the cosmol o
shown that GRBs should bezé ( 1  zd&noteq the redshift).

In 199598 the author and hiscolleags conf i rmed the Paczy ki 06¢
shown that GRBscanbetlé2 0 ( M®sz8ros & M®sz8ros 1995, M@
Horvs8th et al. 199 6) -96 dilp indirectteederees existed forghé s o i n
cosmological origin, becaaghe first direct measurement of a redshift appeared at 1997 by the
BeppoSAX satellite (Costa et al. 1997).

In 2006 it was shown that mainly the long GRBs should follow thefstarationrate

(M®sz8ros et al. 2006) .
A highly remarkable result was pugtied in 2011 claiming that in average the fainter bursts
can be at smaller distances (M®sz8ros et al

3. Angular sky distribution

Theangularsky distribution of the Galactic objects should show a concentration toward the
Galactic plane in the anfaur sky distribution. On the other hand, the extragalactic objects
should have no concentration toward the Galactic plane. From this expectation the first
indirect observational proof for the cosmological origin of GRBs was given by Meegan et al.
(1992). No concentration on the sky positions of GRBs toward the Galactic plase
observed. This indirect support of the cosmological origin was then provided by Tegmark et al.
(1996). This study also did not find any concentration toward the Galactic planénand,
addition, did not find any deviations from the isotropic celestial distribution. It is essential to
precise here there are two things here: No concentration toward the Galactic plane proves
simply the extragalactic origin, but no deviation from thergguit distribution in generals
expected from the fulfilment of the cosmological principle. Both these expectations were
declared in 1996 by Tegmark et al. (1996).

I n 1998 Bal 8zs et al . (1998) accepted the e
search for any concentration toward the Galactic plane. But in this study by statistical tests the
isotropy of the sky distribution were provided in general. Today it is clear that this paper
claimed first that the sky dadtisotrapic.Ghisthigdtyn of s |
remarkable result was then verified by several other articles of the author and his collaborators

(Bal 8zs et al . 1999, M®sz8ros et al. 2000a, )\
intermediate and long subclassesravéound to be distributed also anisotropically (see
M®sz8ros et al. (2000b), M®sz8ros & Gtol ek (°

and references).
InFigurest3 t he angul ar distributions of the BAT:
After Vawrek et al. (2008) these statistical tests allowed to claim in 2009 the existence of the
Gpc structures and thus the huge problems of
2009a, 2009b).
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Figl.The angul ar sky distribution of the short BATSEOG6s bi
that the distribution is anisotropic.

medium .

Fig22.The angul ar sky di st r i b burstsoequatdiial codrdinatés@®@BosAnata.i at e BA
(2000) claimthat the distribution is anisotropic.
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Fig3.The angul ar sky di st r i bnequataral coordinatesh @#Ards A& Gol dk RTOS)Eds bur s |
claim thatthe distribution is anisotropic.

4. Further studies

The studis, mentioned at the previous section were 2D studies and were based on the
BATSE data. Direct 3D study of the BATSE data is not possible, because in the BATSE dataset
only few GRBs have measured redshifts (Bagoly

Recenly two other groups obtained remarkable results from the 2D study of the dataset of
the Fermi satellite.

At the whole Fermi dataset Tarnopolski (2017) found anisotropy for the short subclass of
GRBs; for the long subclass the assumption of isotropywasno ej ect ed by hi s t
Shafieloo (2017) using the whole Fermi datasettested the isotropy of the observed
properties of GRBs. This means that it was studied the possibility that at different directions
GRBs had different properties such asirtliirations, fluences, and peak fluxes at various
energy bands and different timescales. In other words, not the isotropy of the angular sky
positions itself, but the isotropies of the observed properties themselves, were tested. Some
noticeable anisotroapc f eat ures were found, but a | ater ¢
Shafieloo 2018) did not confirm any deviation from the isotropy of the observed properties.

The same result was obtained for the BATSE a
Shafieloo 2018).

For a small sample of GRBs, which have directly measured redshifts from the afterglows,
the study of 3D structures became directly possible. But, only a small fraction of GRBs has
directly measured redshifts (Perley 2017), and hence tiesleeffects can play here an
important role. Under these conditions huge spatial structures on the Gpc scales were found
(Horvsg8th et al. 2014, Horv8th et al. 2015, Ba
et al. 2015, Bagoly et al. 2016a,Bdgp et al . 2016b) , but Bal 8§zs
largescale spatial pattern of the GRB activity does not necessarily reflects thesdalige
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stribution of the cosmic mattero.

5. Conclusion

The results of the auotthhoerréssd, ehfifsord el Icaabno rhe
follows.

1. Existence of huge redshifts were claimed already in yearsd®98hen even the direct
proof of the cosmological origin did not exist yet.

2. Both the 2D and 3D studies show that in the distribution of &RBictures on the huge
Gpc scales can well exist. All this challenges the cosmological principle.
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Abstract The separation of gamnray bursts (GRBSs) into short/hard and long/soft subclasses,
respectively, is today well supported. Since 1998 there are several statistical tests suggesting the
existence of more than two subgroups. The author with other collaborators provided several

statistical studies in this topic. The references concerning this GRB diversity are briefly surveyed
in this contribution.
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1. Separation into two subgroups

After the discovery of gammiay bursts (GRBs) (Klebesadel et al. 1973) Mazets et al.
(1981) have shown that there are two types of GRBs. This separation of GRBs into short/hard
and long/soft subgroups was then confirmgdseveral other studies (for a survey see, e.g.,
M®sz8ros (2006)). The2bet.mi ting duration is ¢

2. The third subgroup?

In 1998 two articles declared simultaneously the existence of a third subgroup (Mukherjee

et al . 1998, H @im\cdrte Hrom1tige Statistical stubliés of the dataset of
BATSE instrument being on the Compton Gamma Ray Burst Obsera8imge that time
several other papers confirmed the same r es.|
et al. 2003, Hakkila ea | . 2004, Horv8th et al. 2006) . T

intermediate duration (betwe@&®? and 10 seconds). This means that in essence the earlier
long subgroup should further be separated.

The subgroup was found also in the Swift dafa@étres et al. 2010). For the RHESSI
satellite the existence of the third subgro
hand, no intermediate s Uabbgervationp (Tammmlski 20160 d i n

f https://heasarc.gsfc.nasa.gov/docs/cgro/index.html
9 https://swift.gsfc.nasa.gov

h https://hesperia.gsfc.nasa.gov/rhessi3

: https://fermi.gsfc.nasa.gov
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Similarly, no third subgroup is declat¢o exist in the Konus/WINDcatalog (Tsvetkova et al.
2017).

It must be added that even in the case, when the three subgroups are found by statistical tests,
it is not sure that there are really three astrophysically different phenomena, becaus# differe
biases, selection effects, etc. can play a role (Hakkila et al. 2003, Tarnopolski 2016). For
example, in the Swift database the third group is found by tests, but a more detailed study
shows that the third group is given by thecadled XRay FlashesXRFs) - which are in
essence long GRBs (Veres et al. 2010). But, on the other hand, in some cases it is claimed that
the third subgroup cannot entirely be given by the long GRBs. For example, for the BATSE
and mainly for the RHESSI database, the identificeof the intermediate GRBs with XRFs
cannot be done (F2pa & M®sz8ros 2016) .

3. Further subgroups?

There are studies claiming the existence of other subgrobeisig not identicat to the
intermediate one.

In the BATSE database there were hints fergbparation of the long GRBs themselves into
the harder and softer parts (Pendleton et al. 1997).

The longest GRBs can also form an extnatra-long - subgroup (Tikhomirova & Stern
2005, Virgili et al. 2013, Levan et al. 2014). Because there are ani@RBs in this ultrdong
subgroup, from the statistical point of view this subgroup hardly can be declared as an
astrophysically different phenomenefor example, they can simply be outliers.

Recently, in the Fermi database five subgroups were foundngkc& Ryde 2018).
Theoretically, it is meant that even seven different subgroups should exist (Ruffini et al. 2018).
This paper means that the long subgroup should further be separated.

It is already possible to study the diversity of GRBs also fromr dtitkinsic quantities for
the limited sample, when the redshifts are known. This follows from the fact that the intrinsic
luminosity (iso) and the intrinsic total emitted enerdg(sf) can be calculated for a given GRB,
if its redshift is known. Such a@be is provided by (Levan et al. 2014) on the duratioh;ys.

(Eisor respectively) plane. In Fig.2 of Levan et al. (2014) such effort is done. Several possible
subgroups are seen beyond the long and short GRBs (soft gamma repeaters, low luminosity
long GRBs, ultralong GRBs, tidal disruption events, etc.). On the other hand, there is no
intermediate subgroup.

4. Conclusion

There are known several statistical tests, theories, ideas, modeling, etc... about the further
subgroups beyond the well confirmekost/hard and long/soft subclasses. A brigfever
complete- survey was provided here. Summing these works it can be said that mainly the
long/soft subgroup does not seem to be a unique one single subclass. But, on the other hand,
any astrophysically diérent phenomenonbeyond the two (short/hard and long/soft) types
is further in doubt, because both the intermediate subgroup and the possible subgroup of the
low-luminosity long GRBs are not proven yet unambiguously. In addition, any eventual
furthersubgroups are also in doubt, because they are low populated.

I http://lwww.iole.ru/LEA/kw/



147

References

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]
(9]
(10]
(11]
(12]
(13]
(14]
(15]
(16]
(17]
(18]
(19]
(20]
(21]

Acuner, Z. & Ryde, F. 2018, MNRAZ,75, 1708

Hakkila, J., et al. 2003, Ap382 320

Hakkila, J., et al. 2004, Baltic Astronomys, 2011

Hor v8t h, 508 797998, ApJ,

Hor v8t h, 1392002, A&A,

Hor ve8t h, I ., 447123 al . 2006, A&A,
Klebesadel, R.W., Strong, |.B., & Olson, R.A. 1974, ApJ (Lettdi82, L85
Levan, AJ. et al. 2014, Apd81, id.13

Mazets, E.P., et al. 1981, ApSH), 3

M® s z ,8r 20606, Reports on Progress in Phy€i8s2259
Mukherjee, S., et al. 1998, AR08 314

Pendleton, G.N., et al. 1997, A@R9, 175

f 2 plaetal 2012, ApF56, id.44

f 2 pJa&M®s z 8Ar 2015, ApSS361, id.370

Ruzni, R., et al. 2018, Ap 859, id.30

Tarnopolski, M. 2015 A&A581, id.A29

Tarnopolski, M. 2016, MNRAS458 2024

Tikhomirova, Ya.Yu. & Stern, B.E. 2005 Astronomy Lette3$, 291
Tsvetkova, A., et al. 2017, Ap850, id.161

Veres, P., et al. 2010, Apd25, 1955

Virgili, F.J., et al. 2015, ApJ 78, id.54



148

Robotic telescope of Zvenigorod observatory

Naroenkov Sergéy, Nalivkin Mikhail?

!Department of Solar system resegaiASAN Moscow Russia
sharoenkov@inasan.ru

’Department of the experimental astrongifASAN Moscow Russia

Abstract The I nstitute of dstronomy is working on
systems to soklva wide range of astrophysical problems. As a result of the work, a robotic optical
system withthe 20-cm wideangle telescopavas created. The special software has been
developed. This software allowss makng observations inthe automatic mode without

operator's participatiolhe oboic telescope IRRO0 is locatedn the Zvenigorod Observatory of

INASAN. Photometric observaths of variable stars and searching of optical transients are
carried outwith the telescope in a constant mode.

Keywords: Robotic Telescopd’hotometry, Optical Transients

1. Introduction

Recently, robotized telescope systems have been mainly used to solve problems of
monitoring the neaearth space and observing space objects. Recall that the term "robotized"
means the ability of a software and hardware complex to perform its taskseaadtintith the
external environment without human involvement. The widespread access to the Internet and
the rapid development of the hardware market have led to the fact that robotic telescopes are
becoming more common. In turn, the traditional work o€ tbbserver in outdated
observatories gradually gives way to automatics. Reducing the role of the human factor is a
general trend that improves the quality of scientific observations.

According to a predetermined observation plan, robotized telescopespéréonecessary
actions during the entire observation session such as directing telescope to a specific area of
the sky, making frames in different filters and with the specified exposures. Such robotic
systems allow to perform routine operations withth intervention of an observer and to
achieve the highest possible speed of sight. With the help of a telescope robot, we can quickly
respond to special events, such as a ganayndurst, which is given priority. An equally
important part of the work ofie robotic review is the stream processing of information using
special software

2. Robotic telescope IRT20

In Zvenigorod Observatory of INASAN, a robotic telescope-BRT(INASAN ROBOTIC
TELESCOPE) was createtihe robotic telescope IRA0 consists oDfficina Stellare RH200
wide-angle telescope, ASA DDM 85 mount, FLI Proline 16803 CCD camera with a UBVRI
filter wheel and a focuser, ScopeDome 3M dome, special power supply and lightning
protection equipmenta weather station for monitoring the weatlgarametersgcontrol



149

computer and data storage. Parameters of the Officina Stella20Rltklescope are: focal

length- 600 mm, field of view 5 sq. deg, aperture 200 mm, focal ratk Parameters of the

CCD camera FLI Proline 16803: chip siz86x36 nm, pixel size-9 € m, chi-p cap:
4Kx4K.

The IRT20 robot telescope is the first telescope in the series of robotic telecsopes of the
observational optical network created in INASAN. Since 2016, telescopic observations are
constant. The IRRO robatictelescope is fully automated, which makes it possible to carry out
observations without operator intervention, and an Internet connection allows us to monitor
the operation of the telescope from anywhere in the world. A general view of the telescope
robotof the Zvenigorod Observatory of INASAN is presented in Figure 1.

Fig 1. General view of the robinttelescopdRT-20.

Each of the devices used in the observations has software and hardware interfaces for
connecting to a computérhe software part of the robisttelescopéncludes
scheduler and observing session program;
programdriver of the control of the slewing device AutoSlew;
driver software for controlling a CCD camefitter wheel focuser
programdriver dome control Scopeaine 3M;
software module for determining weather conditions.
Apex Il Special Streaming Softwar#] [

=A =4 =8 -8 -8 -9
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Most manufacturers of astronomical equipment complete their products with drivers that
support the standard ASCOM (AStronomy Common Object Model), whiclvallos to
simplify the development of a program to control such devices. The advantage of ASCOM is
that a single set of control commands is used to control different types of mounts or CCD
cameras, regardless of the manufacturer of the equipment. The ASITI@W completely
hides from the developer of the control program the lower level of interaction with the
equipment.

3. The observation session management program

The observation session management progcambinesthe control functions of all
astronomichdevices involved in an observation session. Figure 2 shows a diagram of the
informational interaction of software modules and robot telescope drivers. The observation
session control program operates according to the observatiopnglpared by the opaor.

In observation plan, the coordinates of the objects to be observed, the tracking modes of the
object, the required number of frames, the exposure thrmegquired photometric filter or the
sequence of filter changes are specified. The observaiesaion management progrén

ableto respond to trigger events in the observation process, for example, urgent applications
received from the Baksan Neutrino Observatory (BNO) or other events generated by the
application server. Each image obtained &itelescope is stored on a data storage server, and
key data about the file and the observed object are stored in a special database. At the end of
the observation session, a report on the tasks implementation is generated, including the results
of the ta&s and the errors that have occurred are indicated. The end of the observation session
(closure of the dome, and telescope parking) is performed either with the end of the
observation plan, or due to weather deteriorating.

Mount device Daorne control Cloud sensar and
drive program diver program weather station

1I I 4

Session Management Program Weather module

The program
driver of the CCD

camera, wheel
filters and focusing
device

Salel 5114
ElED JBL1EEAM

Tasks

Weather data

[ Shared file space (data storage server) J

Fig2. Diagram of informatiorinteraction of software modules and driver programs of a riglietescope.

Stream processing of data for the asteroids and transients detection is carried out using the
Apex Il software package and a special streaming processing software module tratralow
forming of observation packages from a set of received fits frames. For example, with sky
surveys for detecting unknown asteroids, a streaming processing software module forms a
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packet of several (minimum four) frames of a single sky site, and gtadsssing this packet

with Apex II. After detecting an unknown object, the streaming processing module generates a
protocol for detecting a new object and creates a task for additional monitoring on the request
server.

4. Meteo station and software for determining weather conditions

During the session, the observation session program receives weather data from the weather
station The weathestationcollects data on various environmental parameters from the AAG
CloudWatcher cloud sensor, the Davis Vapt&yo 2 weather station and the Starlight Xpress
Oculus180 wideangle camera. The metstationand the program module for determining
weather conditions operate independently of the folietescopeaduring the whole day and
night, thus collecting andating information about the weather and climate at the telescope’s
installation site. The special database stores data on the ambient temperature, humidity,
precipitation, cloud conditions, wind speed and direction. Continuous observations of weather
condtions at the Zvenigorod Observatory in 2€AF18 showed that the percentage of cloudy,
partly cloudy and clear nights in 2017 was 41, 28 and 31 percent, respectively. In 2017, the
total number of clear hours was 928. In 2018, the total number of clear dtonight already
reachedl200hours.

5. Obtainedscientific results

The IRF20 robot telescopés mainly used forcartying out photometric studies of
fastvariable stars, such as FC Coo® Peg, BZ Cam, ET Dra, et@s wellas triggers from
the BNQ The robot telescope allowss to observe objects up to 15m with 180 seconds
exposure. Th@ s agéimage quality parametéor the Zvenigorod Observatory is about 3 ...
5 ". The accuracy of photometric measuremahtso od ni ght s f o 0.0limr i ght
For example, Figure 3 shows two curves of the brightness variation of theoRKstar,
obtained in MarckMay 2018. In general, over 2012018, more than 16,000 images of
variable stars in various filters were obtain€te results of the observati® were published
in [2].

00 01 02 03 04 05 06 07 08 08 10
Phase

Fig3. V light curve of FK Com, obtained during Mardlay 2018 period
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Fig 4. V light curve ofET DRA obtained durindAugust-September 201g8eriod

Note that the capabilities of the IRD telescope for photometric and prosipey
observations are significantly limited by a small image scale of 3.1 "/ ainddarge central
screening. In additionpoor astroclimate and sky background illumination is limiting
magnitude of robotic telescope 0.

6. Robotic telescope MEADELX -200

In 2019 a new 3%&m roboic telescope aterslol branch of INASAN will be created’he
main objective of thenew robotic telescope will b® perform an operational search and
subsequent study of astrophysical objects generating bursts of cosiatoradf high and
ultrahigh energy together with optical flar@ie robotic telescope MEADE L-200 consist of
the Meade 140 telescope, EQ8 Pro mount, QHY
wheel and a focuserhe automation of the-Beter dome of thMeade LX200 telescope dome
at the Terskol peak was compleiacd2018
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Abstract The experiment on recording neutrino bufsis been carried osince the miell980.

As the target, we use two parts of the facility with the total mass of 242 tons. Over the period
from June 30, 1980 to December 31, 2018, the actual obseniatioais 33.02 years. No
candidate for the stellar core collapse has been detected during the observation period. An upper
bound of the mean frequency of core collapse supernovae in our Galaxy is 0.07(9gsar

CL).

Keywords: Neutrino, Supernova

1. Introduction

Corecollapse supernovae are among the most powerful sources of neutrinddmivirse.
Recording the supernova SN 1987A has made a considerable impact on both theoretical
investigation of SN phenomenon and experimental facilities developifleatdetection of
neutrinos from the supernova SN1987A experimentally proved tivéatrole of neutrinos in
the explosion of massive stars, as was suggested more than 50 ydar2agh

Due to their high penetration power, neutrinos deliver infaiemain physical conditions in
the core of the star during the gravitational collapse. SN198¥A become the nearest
supernova in the past several hundred years, which allowed the SN formation process to be
observed in unprecedented detail beginniitly the earliest time of radiation. It was the first
time that a possibility arose for comparing the main parameters of the existing thetaly
radiated energyjeutrino temperature, and neutrino burst duratiaith the experimentally
measured values [8].

The SN1987A event has demonstrated significant deviations from sprsncadetry.|t
means the SN phenomenon is substantially multidimensional process. In recent years great
progress has been achieved in 4dimensional (2D) and thredimensional (3D)}omputer
simulations of an SN explosio8D simulations of the evolution of massive stars at the final
stage of their life (SN progenitorbave revealed very important role of A@dial effects.
However, further analysisvould be mandatory when higholution 3D-simulations will
become available.

Since light (and electromagnetic radiation in general) can be partially or completely
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absorbed by dust in the galactic plane, the most appropriate tool for finding supernovae with
core collapse are large neutri detectors. In the past decades (since 1980), the search for
neutrino bursts was carried out with such detectors as the Baksan Scintillation T¢&stppe
SuperKamiokande[8], MACRO [8], LVD [10], AMANDA [11] and SNOJ[12]. Over the

years, our understanding of how massive stars explode and how the neutrino interacts with hot
and dense matter has increased by a tremendous dégpeesent the scale and sensitivity of

the detectors capable of identifying neutrinos from a @ialasupernova have grown
considerably so that current generation dete¢i®s14, 15]are capable of detecting of order

ten thousand neutrinos for a supernova at the Galactic Center.

The Baksan Underground Scintillation Telescope (BU2®) is the mulipurpose detector
intended for wide range of investigations in cosmic rays and particle ph@siesof the
current tasks is the search for neutrino bursts. The facility operates under this program almost
continuously since the mitl98G. The total galaxybservation time amounts to @0of the
calendar time.

The paper is built as follows. Section 2aidrief description of the facility. Section 3 is
dedicatedo the method of neutrino burst detecti@anclusion is presented in Section 4.

2. The facility

The Baksan Underground Scintillation Telescope is located in the Northern Caucasus
(Russia) in the undergroutaboratory at the effective depth8 . 5 “d A 4(860m ofw.e.)
[16]. The facility has dimensiors 7 T In¥ andi corisists of four hointal scintillation
planes and four vertical ones (Fi.

o]
3
cw,
ol
32
3
t
=
o
5

Figl. The Baksan underground scintillation telescope

The upper horizontal plane has an area of 28@&md consists of 576 (24 24) liquid
scintillator counters of the standard typeee lower planes have 400 20 20) count er s
The vertical 2@| am@3cadtary. €he hobizortal scintillation planes are
located on the floors that consist of am@&t-thick iron bottom plate, steel beams (the taw@hi
thicknes i s 2. 5cmPranda7&n2thick fijl Af low-background rock (dunite) (a
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concrete cap is at the top). The total thickness of one telescopélyscintillator lger plus

t he f | oorj The ertichl6valls af thecBWST building aséso composed of dunite
with iron reinforcementThe charge and atomic weight of the nuclei of BUST material atoms
averaged over the lome of one facility layer aré>= 12.8 and oved = 26.5, respectively.
The radiation unit of length for the telescapaterial is §= 23.5 gem’.

The distance between neighboring horizontal scintillation layers is 3.6 m. The angular
resolution of the facility is 2.5(if the trajectory length excee@am), time resolution is 5 ns.

The standard autonomous counter islamiaum tank 0.70.71 0.3 n?in size, filled with an
organic C,Hon:2 (N & 9) scintillator. The scintillator volume is viewed by one FE9
photomultiplier (PM) with a photocathode diameter of 15 cm through-enithick organic
glass window (the thick windwe serves to reduce the light collection nonuniformity).

Four signals are taken from each counter. The signal from the PM anode is used to measure
the plane trigger time and the energy deposition up to 2.5 GeV (the most probable energy
deposition of a muoin a counter is 50 MeV 1relativistic particle). The anode signals from
the counters of each plane are sucx48®Isi vely
addition to the signals from the entire plane, this also allows the signals from itsoplaets t
used. The current output (the signal from the PM anode through an integrating circuit) is used
to adjust and control the PM gain. The signal from the 12th dynode is fed to the input of a
discriminator (the s@alled pulse channel) with a trigger threkl of 8 and 10 MeV for the
horizontal and vertical planes, respectiv@lge signal from the fifth PM dynode is fed to the
input of a logarithmic converter, where it is converted into a pulse whose length is proportional
to the logarithm othe signal amlitude[17]. The logarithmic channel (LC) allows the energy
deposition in an individual counter to be measured in the rangg00.&eV.

The signal fr om edédinedrcogelsavimoh havedti@e@surersentfraage t
of (67 80) MeV and the energy resolution 60 Kéese coders allow us to measure with high
accuracy an energy deposition amplitude of single events (see below) which will appear in
case of a neutrino burst.

The trigger is an operation of any counter pulse charfritiedBUST.

3. The method of neutrino burst detection

The BUST consists of 3184 standard autonomous counters arranged in four horizontal and
four vertical planes. The total scintillator mass is 330 t, and the mass enclosed in three lower
horizontal layerg1200 standard counters) is 130 tons. The majority of the events recorded
with the Baksan telescope from a supernova explosion will be produced in inverse beta decay
(IBD) reactions

‘T noee Q D

If the mean antineutrino ergy isO = 12- 15 MeV[18, 19]the path of &(produced in
reaction (1) will be confined, as a rule, in the volume of one countsucha case the signal
from a supernova explosion will appear as a series of events from singly triggered counters
(one and only one counter from 3184 operates; below we calbsigstent "the single event”)
during the neutrino burstThe search for a neutrino burst consists in recording of single
events cluster within time interval &f= 20 s (according to the modecollapse models the
burst duration does not exceed 20 s).

The expected number of neutrino interactions detected during an interval of dggation
from the beginning of the collapse can be expressed as:
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here N, is the number of free protons, F(E,t)isthed x of el ect r(B)ptheant i neu
IBD cross section, and(E) is the detection efficiencfhe symbol "H" in left side indicates
that the hydrogen of scintillator is the targkt.calculating(2), we used the Ferabirac
spectrum for theé [ energy spectrum integrated over time (with the antineutrino temperature
ksT=3.5 MeV) and the IBD cross sectiai(E), from[20].

For an SN at a "standard" distance of 16garses, a totalenergy radiated into neutrinos of
G= 31 10° erg, and a target mass of 130 t (the three lower horizontal planes, see Fig. 1), we
obtain (we assume the flux is equal to 1/6- )

f,eouy (no oscillations) 3

Flavor osdlations are unavoidable of course. However, it was recogrirzeecent years
that the expected neutrino signal depends strongly oosttiation scenario (see e.g. [21, 22,

23, 24).

The oscillation effects depend on many unknown or poorly knownrgadtbese are the
selftinduced flavor conversions, the matter suppression ofreliced effects, specific flavor
conversions at the shodionts, stochastic matter flows fluctuations. In the absegica
guantitatively reliable prediction of the flavdependent fluxeand spectra it is difficult to
estimate the oscillation impact on and’ [ fluxes arriving to the EarthTherefore, it is an
open question how the estimati@@) is changed under the influence of flavor conversions
effects.

Background events afl¢ radioactivity (mainly from cosmogeneous isotopes)grabsmic
ray muons if only one counter from 3184 hit. The total count rate from background events
(averaged over the period of 2002018 years) isfl = 0.0207s" in internalplanes (three
lower horizontal layers) anél  1s* irbexternal ones. Therefore three lower horizontal layers
are used as a target; below, we will refer to this counter array as the D1 detector (the estimation
(3) has been made for the D1 detector).

Baclground events can imitate the expected signal (k single ewéthi® sliding time
interval Uwith a count rate

" Q AgbpQ ¢ (4

A
Processingpf experimental data (single events over a peg0dl- 2018 y; Taqua = 15.5

years) is shown by squarasd trianglesn Fig. 1 in comparison with the expected distribution

according to thexpression (fcalculated at;f= 0.0207 . Note that there is noormalization

in Fig. 2.
It should be explained that tlséding time interval moves in discrete steps from one single

event to the next, so that at least one event is always present in the cluster (at the beginning of

the interval). This gives rise to the coefficidpin the expressiondj. If a new single eent

falls into theUsecwindow when the beginning of the interval passes to the next event, then the

number of clusters with a given multiplicity increases by one. If, however, no new event is

added and the newly formed cluster has a multiplicity smhajleme than the preceding one,

then this cluster is considered to be a fAfrag

distribution.
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m  dt=20 sec
—— Poisson, dt=20sec
A dt=10sec
——Poisson, dt=10sec

Fig2. The number of clusters with k single events within time intdtw&0 s anddt= 10 s. Squares arttiangles are
experimental data, the curves are the expected number according to the expression (4).

This variant of processing guarantees against the loss of a cluster with a greater multiplicity
(because some of the events fall into the neighboringethudiut, at the same time, some
clusters overlap in time, which leads to some deviation from the Poisson distribution.

According to the expressiod)( background events create clusters with k = 8 with the rate
0.178 y*. The expected number of such ckrstduring the time interval T 55 y is 275 that
we observe (2 eventsThe formation rate of clusters wittk = 9 background events®. 2 &
102y, therefore the cluster with multiplicityGkg, = 9 should be considered as a neutrino
burst detectin.

3.1 Two independent detectors

To increase the number of detected rieutro e v e nt s a nsensitivily radinéc r e a s e
of the BUST, we use those parts of external scintillator layers that have relatively low count
rate of background evenfBhe total number of counters in these parts is 1030, the scintillator
mass is 112 tond\Ve call this array the D2 detector, it has the count rate of single eyents f
0.12 &~ The joint use othe D1 andthe D2 detectors allows us to increase the nundfer
detected neutrino events and the detection reliability of a neutrino burst.

We use the following algorithm: in case of cluster detection witd®lin the D1, we
check the number of single events k2 in thes&éBond time frame in the D2 detecibne start
of the frame coincides with the start of the cluster in Béass ratio of D2 and D1 detectors
1030/1200 = 0.858 implies that for the mean value of neutrino events k1 = 6 in D1, the mean
number of neutrino events in D2 will B&times 0.858 *0.8 = 42 (factor 0.8 takes into
account that the frame durationtire D2 is 10 seconds instead of 20 secondhé®1). Since
the background adds f 10 s = 1.2 events, we obtain finaf,("(®=6) = 4.12+1.2 = 5.32.

According to the exp(2), the expected @rage number of detected neutrino eventfién
D2 detector is0 e ¢ w(under the same cditions and assumptions as in (o the
expected total number of detected neutrino events (in IBD rea€fij)nis

0 06 O U 'O¢ o X(nooscillations) (5)

The D1 andhe D2 detectors are independéierefore the imitation probability of clusters
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with multiplicities k1 inthe D1 and k2 inthe D2 by background events is the product of
appropriate probabilities

P(1k2) = P1(kl) P2(k2) (6)

and we obtain P(6,5) = 0.23 yP(6,6) = 0.045 Y (note that P1 is determideccording to the
expression (tand P2 is the Poisson distribution).

Therefore the events with K1 6 ,6 shio@ddbe considered aandidates foa neutrino
burst detection (since mean values of k1 and k2 are significantly exceeded in two independent
detectors simultaneously and the imitation probability of such events by background is very
small).

Notice that in case of a real neutrino burst,rdm@airder ofcounters (which do not belong
totheD1 andtheD2) can be used as the third independent detédtor D3 with the mass of
100 ton.

3. Conclusion

The Baksan Underground Scintillation Telescope operates under the padfgsaarch for
neutriro bursts since June 30, 198& the target, we use two parts of the BUST (the D1 and
D2 detectors) with the total mass of 242 tofise estimatior(5) allows us to expecd 10
neutrino interactions from a most distant SAIZ5 kpc) of our Galaxy.

Backgiound events are 1dlecays of cosmogeneous isotopes (which are produced in
inelastic interaction of muons with the scintillator carbon and nuclei of surrounding matter)
and 2)cosmic ray muons if only one counter from 3184 hit.

Over the periodf June 30, 1980 to December 31, 2018, the actual observation time was
33.02 yearsThis is the longest observation time of our Galaxy with neutrino at the same
facility. No candidate for the core collapse has been detected during the observation period.
This leads to an upper bound of the mean frequency of gravitational collapses in the Galaxy

foo< 0.070y™

at 90% CL.Recent estimations of the Galactic cordlapse SN rate give roughly the value
a 2-5 events per century (see €2f].
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Abstract We present the fouwrear observation results tie Mini-MegaTORTORA (MMT9)
nine-channel widdfield optical sky monitoring system with subsecond terapresolution. This
instrument scans the sky on every clear night with a FoV as large as 900tdsgised for
reattime detection and classification of optical transients, tfilee photometry close to
Johnsoi®s BVR system, and polarimetry of detied objects. The limiting magnitude of the
system is V = 11m for 0.1 s (one frame duration) temporal resolution, and reaches M =ml3
for an exposure of several minutes. The system is equipped with a powerful computing facility
and a dedicated softwappeline to perform automatic detection, réade classification, and
investigation of transient events of different nasum®ving in the neaEarth space located in the
Galaxy and at cosmological distances. Properties of meteors and satellite seanjabke stars,
and GRBs detected using MMTare discussed.

Keywords: GammaRay Bursts, Meteors, Satellites, Astronomical Databases, High Temporal
Resolution

1. Introduction

In order to address the problems of detection and study obzetr (space dwis, artificial
satellites, meteors, minor bodies of the solar system) and deep space (flaring variable stars,
novae and supernovae, gamrag bursts, etc.) transient events, a nealdfin astronomy has
emergedi fiTime Domain astrononty(Table 1). The IAJ website provide data on 62
i nstr ume Mirnesdomaim dsaanon@{1]. They have various technical characteristics
and are intended for investigating sources spanning a wide range of magnitudes, radiation
duration, and angular velocities.

To detect ptical emission from transient sources occurring at arbitrary moments in time and
coming from random directions (gamseay bursts), the usef instruments with wide fields of
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view and subsecond temporal resolution was suggested in [2], [3].

Tablel.Transiet events zoo

Time Near-Earth, Inside our Nearby Cosmological
scale the Solar system Galaxy galaxies Distances
<01s meteors, LEO §ate||ite .
and debris novae, flaring nearby GRBs, FRBs,
1ls HEO and GEO stars, star supernovae gravitational
10s satellites and debris| occultations wave events
100 s .
asteroids, comets | variable stars, n ttr)?d:éN
>1000 s MACHOS variable S | supernovae

This approach was implemented with development of the FAVOR (2009 in Nizhniy
Arkhyz) and TORTORA (starting from 2006 in Chile, La Silla observatory, European
Southern Observatory) facilities [3], [4], [5]. These are s#eals (120150 mm) telescopes
with an optical efficiency of 1/1.2. A combinsgstem was used as the detectmsisting of
an electroroptical converter and a fast lemoise Sony IXL285 array. Such a combination
gave a 34&/60 squaralegree field of view and a limiting magnitude of ip10.5 in the
B-band for a frame rate of 7.5 28 ms exposure).

With the TORTORA camera, the optical flare acconyirag the NakeeEye Burst of
GRB 080319b was detected in 2008. A visual light curve was obtained with a resolution of less
than one secah which allowed us to study the temporal structure of this event and match the
optical flare with the structure of gammay emission [6].

Alarge number of nedtarth objects were detected with the FAVOR camera: artificial Earth
satellites and debris, including leevbit space objectaith angular velocities up to
1 degree/second. Many meteor events were also detected, including thosaguiitudes of
up to 89, previously undetectable in optical observations using other methods [7].

A natural malernization of this approachdeo development of multichannel (muigins)
systems with wide fields of view and subsecond temporal resolutich. iBstruments allow
one to monitor and study in detail the discovered transient event. In the latter case, individual
channels register simultaneously in various cotord polarization filters the image of the
region containing the new source. Thus, sf@a¢@and polarization studies are now possible for
rapid events and processes.

The principles outlined above were implemented in the MiegaTORTORA system.

2. Mini-MegaTORTORA (MMT -9)

Mini-MegaTORTORA is an automated medthannel monitoring telescop@&he system
consists of 9 channetsbjectives, installed on 5 mounts located under a common sliding
cylindrical cover (Fig.1).

A movable coelostat mirror is mounted in an individual channgl ff-9 in front of the
objective allowing one to quickly changes ffield of view. It is also equipped with a set of
BVR-filters and a polaroid, which can be introduced into the optical beam during observations
should the need arise [8], [9].
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Figl. Mini-MegaTORTORA

Andor Neo sCMOS cameras are used as the detector.hEve low readout noise-@,5
electrons per detector element) and a high quantum efficiency (up to 60% at 600 nm).

The field of view of a single channel amounts to ~100 square degrees; the total field of view
is determined by the task at hand and depemdthe selected sky area configuration (see
observing modes below) and reaches 900 square degrees in tHeelgideonitoring mode.

The entire system is controlled by the central server. The software installed on the server is
responsible for planning drconducting observations. The server gathers data on the weather
conditions obtained using the meteostation (Boltwood Cloud Sensor Il + allsky camera + Sky
Quality Meter), and signals the start of observations in the event of clear, favorable weather:
theautomated cover opens, the channels are calibrated, and observations begin. At the end of
the night, or if the weather conditions become unfavorable, the server orders the stop of
operations.

Each channel has an individual computer dedicated to equipcositol and data
collection functions. Data obtained in the process of observations is transferred to the channel
computer in the form of a flow of frames and is reduced in real time. This allows one to detect
transient events independently during thehhig

Observations are conducted in several modes:-figédte monitoring, deep survey, research
mode, work with internal and external alerts. The main motteigide-field monitoring. The
system targets the selected region in the sky, positions the chamad 3 configuration (one
area equals 900 square degrees), and obtains a frame flow with 0.1 second exposures (10 Hz
frame rate); the limiting magnitude in this mode reachestiiag. The areas targeted for
monitoring are computed using the observatitanning software in a way that would allow
the maximum area of the celestial sphere to be covered in a single night, with the positions of
the Sun and Moon also taken into account. If the fields of view of the FERMI and Swift
gammaray space telescopesme into thd [ 9 visibility range, the region where these
two fields of view overlap is selected for wifleld monitoring. Each sky area is monitored for
1000 seconds, then the next area is selected.

For independent transient detection in real timé thode uses specialized software,
allowing one to detect light variations in the frame flow and determine the type of the possible
source. If the registered object is stationary and newly emerged, it is classified as a flare.
Moving new sources are defithas satellites and meteors depending on the angular velocities
and durations [5]. Discovered transients are saved in the corresponding databases. When
registering eventare classified as flares, the system goes into internal fellpvobserving
mode. Allchannels position their fields of view based on the coordinates of the detected burst
(101 10 degree total field of view). Each channel is set with its own filter configuration and
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exposure time. As a result, the transient event is observed simultaneadisse color bands
as it passes through three polaroids with different orientations, which allows one to determine
its spectral and polarization (3 Stokes parameters) properties.

When the MMT9 system receives telegrams from the FERMI and SWIFT telesdopae
event of gammaay burst registration, and, if the coordinates of the discovered alert are in the
visibility zone, the system goes into external folapr mode. The total field of view
dimensions, exposure times for each channel, and the fitteasedetermined depending on
information in the received telegram. After carrying out abexded observations, the system
returns tathe basic mode.

Before the start of widéield monitoring of each area with a high temporal resolution and
immediately &er such, a deep survey of that sky region is carried out. Frames are obtained
with 60 second exposure and 900 square degree field of view, the limiting apparent magnitude
reaches 145 mag. Images obtained in this mode are stored in the database sinse2014.

Based on this array of frames, one can conduct studies of transient objects with long times of
light variations (variable stars, minor bodies of the Solar System).

A possibility is provided to observe selected sources or events in differens ntioe@lata
on which are entered into the planning software. The software incorporates this task into the
observation list and executes it when the source is in the visibility zone.

3. Four-year work results
[ [ ©9 carries out regular monitoring of the cslal sphere continuously since June 2014.
3.1. Rapid Flashes and Gammaay bursts

Observations of regions where Swift and Fermi gamayaspace telescopes registered
transients are conducted since 2015; this mode was implemented 71 times: 15w
Swift and 56 to Fermi. The diagram in Fig.2 shows the time distribution of realignment based
on telegrams.

3 Fermi
I Swift

NORAD 25909 / GLOBALSTAR M033, track at 2015-06-17 19:31:45.497

MNumber of Triggers
S H M W e om @ @

Standard Magnitude

I |

100 150 200 250 300
Time, seconds, folded to period 7.49025 (original 7.49025) s Time from TO, s.

=
3

Fig2. Right: time between observationglire follow-up mode after Fermi and Swift telegrams received and TO
Left: photometry of satellitesitt MMT-9 example

Time of switching to observations of areas noted in the telegrams varies in thoantjé
seconds to several minutes from the moment of transient detection from space (T0). Long
delays in the start of optical observations (exceeding 5 minutes) are usually related to either a
delay in the emergence of this sky region above the horizon, iingvéor better weather
conditions.
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In particular, in 2016, 2 minutes after the Fermi telescope detected the GRB160625B
gammaray burst, the followup mode allowed us to detect an optical flare accompanying the
hard emission from this source [10].

3.2.Artificial Satellites and debris

{ I uv9 allows us to register several hundred figanth space objects every clear night
(artificial satellites, space debByi The program for detecting all sources classified as satellites
determines the coordinates andidges magnitude estimates for each frame. The sequence of
the objectds positions in all frames where i
follow-through.

Based on the data of the obtained folthwoughs, the sources are identified wittefiiies
and space debris listed in available orbital data catalogs, and are stored in the photometry
database of [ v9 [11], [12].

As of January 1, 2019, the artificial satellite database of MM®ntains photometric data
on 6048 space objects on n&arth orbits, measured in 201157 follalroughs.

For each object we compute the average redu
phase angle) magnitude based on all obtained measurements. When working in tfilieBVR
mode, the reduced magnituth the specified filter (figure) is computekh example is shown
inFig.2.

Fig3. Right: theFAVOR camera was mounted with a base of 3.5 km from-8J\&ft: image with combined frames of
one meteor, parallax is seen

Information stored in the tificial satellite database is used to analyze light variations of the
space objects. For objects with obvious light periodicity, we determine the period of
magnitude variations (in seconds).

In addition to the measured and reduced magnitudes of the Sbjlath on distance and
phase angle during the observations are stored in the database.

3.3. Meteors

Several hundred meteor events are registered with-MagaTORTORA during every
observing night.

The detection program classifies objects as meteorslitimesand analyzes them. For each
meteor event we determine the coordinates, visual magnitude, angular velocities, durations,
etc. This information is stored in the Database [13].
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As of the end of December 2018, the meteor database contains over 22ihtheuents
deteced with MMT-9 since 2014 and 1Q7 events detected with FAVOR in 262609 [14].

To improve the capabilities of MMY in studying meteor events, base observationthén
test mode) are being conducted since the end of 2018 with FAVOR) wias modernized
and equipped with a time service. As a pair, they form a base of 3.5 km (Fig.3). Primary meteor
observations allow one to estimate heights and velocities of the meteor particles burned up in
the atmosphere, which, in turn, allows onswstch to the heliocentric coordinate system and
study the orbital parameters of both individual meteoroids and meteor showers. Base test
observations in the fall of 2018 have shown that the accuracy of height determination amounts
to about 1.83%. Over oe hundred primary meteors have been detected. We show examples of
computing the absolute magnitude variations of several observed meteors with loss of height
and motion along the trajectory (Fig).
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Fig4. Dependence of absolute magnitude on height and path

The number of meteor events observed during a night allows one to study their apparent sky
distribution. Meteor tracks, extrapolated backwards by 50 degrees, are plotted on the map of
the sky, and the mme of these tracks cross in one area, the higher their density there [13]. The
socal l ed fAstatistical 0 radiants are detected |
used to plot radiants of meteor showers listed in [15]. Based on many corginmedrs, there
is a correspondence with the areas of maximum density of meteor tracks and radiants, which is
especially noticeable for major meteor showers (PER, GEM, LYR, SOA, DRA, NOA, ORI,
LEO, etc.). These statistical radiants may be used to determéteor shower candidates,
which must then be studied in base observations.

Observing meteors with BVARIters enabled us to estimate the color change of the meteors
along the track [13]. Evidently, a meteor track does not exhibit black body radiatioa, but
combination of the continuum and various emission lifde ®nductingof future joint
multicolor observations with MMB and FAVOR will allow us to investigate the possible
connection between belonging to meteor showers, meteor velocities, and libreiindices.
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Abstract An overview of current and futureexperiments in the field ofmulti-messenger
astronomyat experimentafacilities of the Baksan Neutrino Observatory is presented. Different
types of thesexperimentare discussed.
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1. Introduction

Because the highnergy sky has revealed a large number of powerful astrophysical objects
capable to emit radiation across the entirectebmagnetic spectrum the muttiessenger
approach is widely applied now for the study of astrophysical objects and transient phenomena.
It i s obvious that the joint study of di ff e
photons, and gravitatioh&vaves) is necessary for the complete understanding of the most
energetic phenomena in the Universe.

Multi-messenger observations can be conditionally divided into 3 types. To the first type we
attribute independent measurements of different messendgch whysically are closely
connected. (e.g. gamnamays and neutrino). The synchronous observations of astrophysical
objects by means of different messengers relateeteecond type. The third type corresponds
to the fast response astronomy observatioaspely, the quick search of other messenger
partners after the alert. All three typa® practicallyaccessible t@xperimental facilities of
the Baksan Neutrino Observatory.

The Baksan Neutrino Observatory of the Institute for Nuclear Research of HsgaRu
Academy of Sciences (BNO INR RAS) is onetbé centersin which the research in this
direction is being conducte@he dservatory is located in the North Caucasus in the Baksan
River valley thege ogr aphi ¢ coor di nat e theeffectige rigiityd? 8 A N
geomagnetic cutoff is 5.7 GV). BNO has a unique set of surface and underground
experimental facilitieswhich have been used for the reseanctihe area othe fundamental
physics for more than forty years [1]. The research progfaime observatory was constantly
expanding as new ground and underground setups were put into operation.

2. Complex of experimental facilities

The complex of experimental facilities used in the muléissenger astronomy studies
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consists of the BaksanUad gr ound Scintill ation Telescope (
EAS fiCax peft-€ajpatrays.

The BUST is located in an underground laboratory under the slope of the Andyrchy
Mountain at an effective depth of 850 m.w.e.; its height above sea IeV&)Gsm [2, 3]. Its
size i s “aadittorsists df foumhorizontal and four vertical scintillation planes. The
planes of the telescope are covered with scintillation counters, the total number of which is
3184. A standard scintillation counter of BUST is an aluminum contaofea size of
0. 71 0. %lie®witB liquid whitespiritbased organic scintillator. The scintillator volume
is viewed by a FEW9B photomultiplier with a photocathode diameter of 15 cne friost
probable energy release in the counter from muons is 50 MeV. The DAQ system is triggered by
a pulse from the channel of any BUST counter. The counting rate of such a triggeftis 17 s

The AAndyrchyo EAS array i s Mactantabode tten t he
BUST and consists of 37 scintillation counters based on plastic scintillators [4]. A plastic
scintillator with an area of 1 fris viewed by a FEW9B photomultiplier. Scintillation
counters are designed for both temporal measuremerdgt@grmine the direction ah EAS
arrival) and for measuring the energy release (to determine the position of the axis and the total
number of particles in the EAS). The EAS trigger operates at a simultaneous triggering of four
or more counters of the tsg, the frequency of the trigger is ~9.sThe distance between
counters in the horizontal plane is 40 m. The central countan afray is located directly
above the BUST, the vertical distancéd50 m. Tot al area of the @AA]
51 1ré and the solid angle visible from the telescope is 0.35 steradian. The center of the
setup is at an altitude of 2057 m above sea level, the height difference between the upper and
lower rows of scintillation counters is 150 m.

The fHQar [EALS 6]aslocated at the foot of Andyrchy Mountain at a distance of
900 m from BUST, at an altitude of 1700 m above sea level (which corresponds to a depth in
the atmosphere of 840 g /@mThe central part of the setup (tfi@arpebditself [5]) is located
in a building under a roof of 29 g/énhickness and consists of 400 liquid scintillation counters
(of the same type as the BUST), arranged in a square with a side of 14 m and covering an
overallareaof 196m Ar ound -2 h et HeCrae part & (RP) with athinmooft e p o i |
(~1.2 g/cn), in each othemthere are 18denticalcounters. Signals frora RP are used to
determine direction of the EAS arrival.

The building of the muon detector (MD) consists of three tunnels with an area 0f’205 m
each. Thehickness of the absorber is 500 gfewhich corresponds to the threshold energy of
muons of 1 GeV for the vertical direction. T
MD is 47 m. Since 1999, the first MD stage of 175 area has been put into @pson,
consisting of 175 scintillation counters located in the central tunnel, of thelmécal to that
oft he AAndyrchyo EAS array.

At present3ot lEAASAH Qarmrmet i sthed €s F2goe ¢adr roany b[a7s]e. oW
the framework of creatio of new apparatus, two tunnels were completely filled with
scintillation counters and the total area of MD was brought up to 41&ealization of the
EAS array suggests that continuous area of MD should be then increased up 1o/ 16en
same time,d increase the detection area of the EAS axes, 20 additional modules with liquid
scintillation counters in each module will be installed. The results of calculations of selection
efficiency of air showers from primary gamma rays demonstratethihaew aray will have
the worldbest sensitivity to the flux of cosmic gamma rays with energies in the range 100 TeV
T 1PeV.






