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дЬstrасt. Fieicls of Gemiriga, PSR. в0950+08, PSR, J1908+0734 and PSRJ0108-1431 have

ьееп observed within the рrоgrапrrпе of optical study of пеаrьу пеutrоп stars carried out with
t}re б m telescope. оuг multiccllour BVR.I" рhоtоmеtrу has yielded the following magnitudes of

Geminga: V:25}3*0.4; R":25*4*0.3. The cstirnates of 3о uрlэег liniits in В and I bands аrе

25Р4 arrd 24Р9, respectively. This is ilr аgrееmепt with the previorrs о}эsеrчаtiопs of Geminga.
We suggest candidate fclr optical соuпtеграrt of PSR в0950+08, witlr Л. : 25Т4 * 0.3. Whеп

сопrраrеd to the HST clata obtained in UV its flux shows that this old puisar сап Ье brighter

in пеаr-IR than irr rrear-uv. we have obtained fоr the first tiпre images of the fieids of psR
J1908+0734 and PSR J0108_1431. Дithоugh nci opticai соuпtеграrts }rave been detected, the

magnitude uрреr lirnits obtained strggest furthеr obseгvations clf these рulsаrs,

Кеу wоrds: stars; prrlsars - techrriques: pirotometric

1. Introduction

In а vast list of mоrе than ].000 radio pulsars there
аrе but а few objects detected in other wavelengths
(7*rays, Х-rауs, fаr-UV, optical, see е.g., Ulmеr,
1998; Becker & Tftimper, h.999; Коrреlа & Воrчуеr,
1998; Mignani, 1998). Multiwavelength observations
bring а wealth of а пеw information on the radiation
mechanisms of pulsars which cannot Ье obtained in а
падrоw spectral barrd. Fоr уоuпg (S t04 yrs) pulsars
like those in the Сrаь and vela nebula the emiisibn
in the all sресtrаl rапgеs is mainly of поп-thё?ffiя,l
origin; it is produced Ьу relativistic particles gепеr-
ated in mаgпеtоsрhеrеs of rapidly rotating neutron
stars (NSs). Becoming older (} 10б yrs), pulsars rо-
tate slovrer, the поп-thеrmаl component weakens and
one can оьsеrче thermal emission from the surface of
cooling NSs. According to standard NS cooling mod-
els (e.g., Nomoto & Tsuruta, 1987), at this age their
surface tеmреrаturе is about 105-106К and the mах-
imum of the thermal emission lies in the soft Х-rауs
(0.1-2.4 keV) оr in far-UV. Тhеrmаl emission with
sp.ectral tеmреrаturеs iп the above rапgе has Ьееп de-
te0ted during Х-rау observations of some middle-aged
radio pulsars (see, e.g., Весkеr & Тfiiшреr, 1997).

Тhеrшаl Х-rау emission was also detected frоm sev-

еrаl radio silent objects identified as isolated пеutrоп

stars (INSs) (e.g., Neuhiiuser & ТYiimреr, 1999).

Simulations of INS cooling show that under сеr-
tain conditions, depending оп the NS mass/radius rа-
tio, on equation of state and composition of suреr-
dense matter in interiors and in surface layers of the
stаr (see, e,g., Yakovlev et al., 1999 for а recent re-

view), thermal evolution of а NS mау strongly deviate
from the standard model. Theoretical investigations
combined with comprehensive оЬsеrчаtiопаl studies
of thеrmаl emission fr0rn radio рulsагs and INSs of
different ages enable one to understand which of the
evolution scenarios аrе real. These studies аrе also of
crucial importance for development of realistic mod-
els of NSs and deeper understanding of рооrlу known
properties of superdense matter in their interiors.

. Opticat observations аrе a,n important part of the
multiwavelength studies of INSs and pulsars. They
allow one to constrain the раrаmеtеrs of the thermal
emission in the Rayleigh-Jeans spectral region and in-
vestigate the properties of the nonthermal radiation
in optical bands. Most рulsаrs arrd INSs, excepting
the young СrаЬ pulsar and PSR 0540-69, аrе faint
optical objects. Thus, the multicolour photometry is
the natural first step to sеаrсh for the pulsar optical
counterparts and to obtain information оп their opti-
cal spectra. This is the main goal of the рrоgrаmmе
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which has been саrriеd out at the бm telescope dur-
ing last several уеаrs.

The рrоgrаmmе includes deep (up to 27-) pho-
tоmеtrу of the fields of sоmе nearby pulsars. The most
interesting results rероrtеd at present аrе those оЬ-
tained fоr the middle-aged (- 10' уrs) pulsar PSR
В0656*14 (Kurt et а1., 1998; Koptsevich et al.,
2000). Deep multicolour photometry observations of
the рulsаr fieid taken viith the бm telescope yielded
detection of the pulsar optical соuпtеrраrt. The pul-
sаг magnitudes in BR"I"-bands wеrе estimated for
the first time. The corresponding fluxes exceed the
Rayleigh-Jeans extrapolation of the thermal spec-
tгuш seen in the soft Х_rауs and ЕUV.

In this рареr we report photometry of fоuг
otheT пеаrЬу pulsars: Geminga (J0633+1746), PSR
В0950+08, PSR J1908+0734 arrd PSR J0108-1431.

Тhеir раrаmеtеrs are ргеsепtеd in Table 1. The
data wеrе taken from the pulsar catalogue (Taylor
et al., 1995), excepting Geminga's DM (Malofeev &
Malov, 1997)"

observations and data reduction аrе described in
Section 2, Section 3 summarizes the results, And some
conclusions ате given in Section 4.

2. Оьsеrчаtiопs апd data reduction
Optical observations of the рulsаr fields wеrе саrriеd
out п,ith the бш telescope ВТА оц }{агсh, 1997, Jад-
uаrу, 1998, оп Januar5r, July апd Augrrst, 1999 with
а CCD dеtесtог шоtшtеd л йе ргiше focus п,ith the
set of filtегs dше to йе Jоhзюп-С.оusiпs system. Dif-
fеrецt ccD detecors вgе rrsed. sоmе of thеir сhаг-

act.ijгistics аrе given in ТаЬ}е 2. Seeing varied frоm
rrigirt to night t_ietrveen 0.'9 arrd 11'В, Tatlle 3 gi,;es
detajis oit eaclt tlbset,r-ing гuп.

Starrclard data recluctiorr, includirig bias suЫrас-
t,iotr, accollnt fЬr dark currerrt. соrrесtiоrr for поп-
ttniГoTtnit;,, of t}re detector serrsitivity (flat_fieiding),
arrt.i rerirovitig of cosrnic гау el,ents, rvas реrfоrmеd
пraking usе of \'IIDAS рrосес-iurс:s. То cornpensate
frirrges п,е useci t,ire so-called suреrflаts, i.e. flats оЬ-
ta.ilred ciirectly fгопr the sky bi, median-combirrirrg
stэл,егаl sc:ierrce ехроýчrеs taken during tlie night.
The individllal f;a,t-fieided ехроsurеs wеrе stackeci to-
gеthеr. yielding сlоrпЬiпеd iпragtls of the fields urrder
iTivestigation.

Гl,г the p}iot,otnetric caiilэration we usec1 Landoit's
st,arirlaгcis (1992). Tlre absolute fluxes 4 i"
i'l::g,:ln 2q-lH7-1] rr,еге t:a]ci-i]ated irsirrg eqrraticlns

log{.: -{о.+М,+М!),

Tith the zero-points provided Ьу Fukugita et al.
(1995):

(1)

(2)
М|, =
llaJyfI -

Л,tЬ :19.з96,

МЯ:19.520,
19.445,

19.623,

,\strошеtriс referencing of t}re images was реI-
f'огrпеrl usirlg the coordinates of selected field stars
extracted frоm the USNO catalogue using the ESO
Skycat tool. Тhе firral ассurасу was about 1//.
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1ЪЬlе 2: Tech,пical cibaracteristtcs о! CCD dеtесtоrs

Detector
tr'ре

Size
(irr pixeis)
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3

Table 3: ОЬsеrчаtiопs oi the PSR fields

Date Detec:tor O1эject Fiiter
'Iotal
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9.07.99
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i to-
.iеr

iп
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l))

реr-
t агS
:SO

3. E,esвlts
3.1, PSR JO6з3+1746

The ;niddie-irged Genrilga рulэа,r ]ia.s bee.r а,lг+эаd1,

detected ,лilti the groutiti-btisc:d (СFI]'i- ESO З.6rri.
\Т'Т) arrrl HST telcsr;opes iп diffегеir,. barlill a,rtri

pt,eselitly it is one cf tire rтeli-studietl prtlaaгs iri tilc:
Lrptlc:1], iiotnailr (sес:. e.g., Eigriarrrr & С;irачео, 19$6.
iligrrarii et а1., 1998). It irаs Ьееп cc_,rrcluded th:lt
ille optir:ai emissiotl oi Gemirr;,,a seг:ins to Ье thегlла1
,.,,irh а l,rоаd etrrissiort fеаturе at 6000А. Jacchia et
al. (1999) suggcst,ed а roug}i шlосiеl to explain tlre
tl}lsr:rчеd cxcess of (icrnirrga's enrissiorr in thс, \" balld
as erttission af htlt ion_-c irr tile strопg magnetic fii]lii
rrс:аг the NS surfасс,. Tlre resrrlts clf Getringtr's spec-
iгоsсору (Ntartin et ai., 1998) u,it,li i,cntative tictect,io*
t,f ari a,ptrlareni allsorption fеаturс а| 6400А аrе i;er]*
егаllу corrsistt:rrt ъ,ith ihe p}iotorTretry" trtr Гig. i rTe

irгesellt оur iTnalgc:s of i}rcэ Getrringir fic:lrl iti the l]. \''.
R. bairds taken оп ll,iarch, 1997 al:il irr thс: I" b;illci
оп January 19, i999. The puisar positiorr ill thc'l V
,,lrid R irrrages is itrdicated ,лitli аrгоп., ',Гilе ob.let:ts
suggested to Ье Gеmiпgа caltdiгlates ;rt, t}ic fiгst iilь
sсгl,аtiопs о{ this field irr tiie oiэt,ir.:al rirпgе (Наlреrrt
& Туtiеr, 198.З) аrе пrаrkеd with ietters G апri С'.

The рhоtоIrrеtгу both of ttie pulsar optir:al сtult-

terpart (G") and the rnentioned field objects yieids
the magnitude estimates, which аrе presented in Та-
ble 4. The obtained Geminga flux distribution is in
а good аgrееmепt with the data putllished so far.
In Fig. 2 we present the broadband sресtrum 0f
Gещiпgа based ori ai} opticai data airailable. Filled
circles соrrеsропd to our res,,llts, and агrоws rvith lэаrs
to the I arrd F675W uрреr limits. Our observations of
the GЪmiпgа field in the I Ьапd ч/еrе tentative and we
could rrot get so deep images as had lэeen done Ье{Ьrе
(Bignami et al., 1996). Тhus, the fading of Geminga's
flux at these wavelengi;hs is still uпсопfirmеd.

In all the optical bands (exciuding ihe I one) the
optical fluxes exceed the Rayleigir-Jeans ехtrароiа-
tion of the thermal spectrrrm sееп in the trUV and
soft X-ra;,s (dashed line in Fig" 2). Such а sресtruш}
jэehaviour is simiiar to that af the PSR ts0656*14 and
рrоЬаЬlу can Ье aiso fitted Ьу combination of lэоth а
magnetospheric and а thermal соmропепt.

3.1.1. PSB, В0950+08

Like Geminga, the pulsar В0950*08 hаs Ьееп previ-
ously detected. The field of this рulsал, was observed
rvith the HST in the UV-optical range using the lorrg-
pass filtеr F130LP (,\А : 2310 - 4530А,&) (Pav}ov ei

10.08,99
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ткli.}э,+
ткlOз.1
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рSR J{_}108_1] 34
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PSR,.l0lJ8_1134

8
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al., 1996), The flux of the only point source detected

in the 71'4 х 71'4 FоС field of vievr is f' : 0.051*0.003
plJy (rпдrзо rр : 27.1). The арраrепt offset of the

Sоurсе frоm the radio pulsar position, 1i'85, сап Ье

associated with positional еrтоrs of the guide stаrs

used in thЪ observation (Pavlov et al., 1996). Meyer

& Pavlov (1997) соrrесtеd the guide star positions,

making use of the PP]\t catalogue, and recalculated
the position of the putatiTз рu-lsаг counterpaTt. This

{

_l

. 20 аrсSес l

'l

1,

Figurе 1,. The fieltL, of tLte рulsаr, Gеrп,,iтl,gа (PSR .]0633+17/!6)

соI,гесtiоп геduсеd the offset to 11'1, with ап uпсеr-

taiIrt1.of 1" (Nlеуег & Pavlov, 1997).

T}re field of this рulsаr was tlbserved with tlre б m

tclescope in the R band of the Cousins System on

\{агсh, 1997 апd Jапuаry, 199В. Тhеrе аrе not enough

rеfеrепсе stаrs frorn USNO catalogue irr this field (ар-

ргохimаtеiу 2!5х2!5 in size), that makes ап accurate

astrometry irTrpossible. То irпргоче t}ie situation we

usec1 the image of this field (9' х 9') takerr with the
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ТаЬlе 4: Рlьоtопtеtrу of PSR J0633+17 (Gеmiпgа) апd the пеаrеst fi,eld objects
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Magnitude Fiuxo Magnitude Fluх Magnitude Flrrx Magnitude Fiuхm

G, >25.4 <0,278 24.5+0.3 0.568 24.3*0.3 0.575 2з.5*0.4 0.948

бllt, >25.4 <0.278 25.3+0.4 0.272 25.4*0.3 0.209 >24.9 <0.256

" Fluх in pJyЬ Geminga optical counterpart

10

t

,!
"\l

7;*

N

оо?

эо
!
a)

Ч? '&"

*10i0-

|4.4 |4.6 14.8 15.0 |5.2

Log Frequency [Hz]

Гigurе 2: Sumrтlаrу of auai)able data ort, the rпultihапd,
ltST апd ground-based цlhotometry of Gеmiпgа. Data
Lloints аrе labelec], accordi,ng to the filters uli,th uhi,сh
:hey ulere obtained (see tert fоr mоrе еr,рlапаti,оп).
Das]l,ed, l,ine shоus the Raylei,gh-Jeans part of the spec-
:тum obtained at the blackboda fr,t of the RОSДТ data
of Gеmi,пgа tоr а печ,trоп star uith the 10 krп rаdius
tlпd the temqleratu,re о! 5.?7.|05 К (Наlре,rп, Ru,dеr-
тпап, 1993).

Zeiss-600 telescope of SAO RAS. This enabled us to
iпсгеаsе the ассurас1, of the astrometrical rеfеrс:псiпg
,lf the ВТА inrages uр to 1". In Fig. 3 we present arr
iillage of PSR В0950+08 пеighЬоuгhооd, positions of
lhe radio pulsar (sпrall cross) , the UV-opical caTrcii-

date (big cross) and the possible optical соrtпtеrраrt
in сirсiе) аrе indicated. Ап object (SijV : 4.2) has

tэeerr found in the combirred image, arrd its position

Figrrге 3: Th,e R i,rпо,gе of the PSR В0950+08 пеi,gh-

bourhood; сrоssез i,пdicate th,e р,ulsаr radio pos,it,iorl

ап,d the posi.ti,on, oJ the HST UV-oцltical cartdidate
aith thеir urlcerta,inties (small ап,d, bi,g о,пеs rеsрес-
ti,uely); аrruч points to оur candidate to optical рulsаr
со,urttеrраr,t. Tlt,e c,ircle, uhi,сh is 1-" ,irl rad,il-ts, соr,rе-

sропds to th,e ассurасу oJ оurаstrоrпеtrl1.

differs Ьу 11'5 frorrr the рulsаг radio position. In case
thе <ieter:ted object is indeed the pulsar, this disсrер-
апсу ntay Ье due tci two reasons: diffегепt epochs of
the radio and optical оЬsегчаtiопs with the iack of
reliable data on the рu}sаr рrореr motiorr, arrd uпсег-
ta,inties bot}r in оur astrornetry arrd the рulsаr radio
positiorr. T}re object magnitude is Л : 25Р5(3). соr-
гespondirrg flrrx is Лл : 0.19 * 0.04р Jy.

Fig. 4 slrov,,s plrotometric data of the possible PSR.
В0950+08 соuпtсэrраrt based оп the б m telescope (R
band) and HST (F130LP) observations.

If the оЬsеrчеd object is the рulsаr optica,l courr-
tеrраrt its R rnagnitude shows that o1d рulsаrs mау
Ье iэrighter in пеаr-IR than in пеаr-UV rеgiоп. This
is in opposite to the expecterl spectral behaviour arrd
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Figrrre 4: Flugеs frоm PSR Ва950+08 соu,пtеrраrt,iп

the пеаr-{JV (HST) апd, ,its possi,ble optical cand,iclate

,iп R {6rп telescope) rапgеs; аrrоus lл,ith bars shош

the сотгеsропtlirlg 3о uрреr leuels оп the flur of u,пdе-

tecied, sоurсеs; clashed, line rеfl,есts the blackbod,y spec-

tral fit !оr r,аd,i,аtiоп frоrrt, епtirе NS sшr,fасе Jоr the

dtstarюe ci : 13() рс arld, Nл9 rodirлr,s о! 13 km (Раulоч

et гLl,. 1996).

Cannot Ье explaiiiecl Ьу therrnal emissioTt only, N{оrе

оЬsег-;аtiопs аге needed.

3.1.2. PSR Ja108-1431,

PSIi J0108-1431 was discovered during а Surчеу of

the sоuthеrп sky for рulsаrs using the Раrkеs 64m

гаdiо telescope (Tauris et al., 1994), In accor<lance

with the galictic еlесtгоп <listribution density rnodel

(Tbyior & Cordes, 1993) the low dispersioll пеаSurе

u,rgg"rau that this р-L;,isаr is within 90 рс fгопr the Surr,

Tltus this is the ciosest krlown пецtrоп star, };ut it is
quite oid, т * 1.6,108угs. The рulsаr lras not Ьееп

cietected iп апy high-frеquепс:/ rапgе,

Fig, 5 rерrеSепts irnages of *.tre PSR J0108-i43i
пеighБоurhооd taken lтitii tlre б m telescope оп ,\u-

g.,r1 rЭ9Э. No object- coinciding rvith the гаdiо pulsar

iri position rтas cletectecl апd rve оьtаiпеd tire foIlow-

irrg 3o-iimits fоr tlre observed рul,чаr nagnitrrdes: В

>1;т+' \-> 2lT'7: R_ > 2.jT'-1: I. > 2+р3, Furtlrег

rlbseгr,atic-,t,i_. of tiris lield пlight 1,1elc1 t}re detection of

the INS optical counterpart.

3,1.3. РSR J1908+0746

The pulsar PSR J1908+074б was discovered at the

Arecibo Observatory during the sеаrсh for pulsars of

Iow luminosity using the 305 m radio telescope (Cami-

lo & Nice, rэЬs). Гоr its characteristic age.this is old

рulsаr, *iril" th" rotational епеrgу loss ,Е is rather

irigb. ln the absence of a,rr unequivocal theory of the

hilh-energy emission of pulsars, а high level of E/dz
is 

"used 
as- а ,ough indicator of likelihood that high-

frequency еmissiБп frоm а pulsar сап Ье detected (see,

u.g., Gotio"i & Musso, 1996), Search for the emission

iritbe high-frequency domain from pulsars with the

highest й,r". ot Ё 1& (-40 pulsars including PSR
.lrЪов+оz+о) yielded the detection of Х-rауs frоm 27

pulsars (Becker & Т}umреr, 1997) and the 1-rауS

Ьоm Д pulsars (Тhоmрsоп et al,, 1994), No high-

frequerrcy emission has been found so far frоm psR

J19-08+0746 (Весkеr & Ъumреr, 1997),

The field of this pulsar was observed in BVR"I"
bands on July and August, 1999, The obtained im-

ages are shown in Fig. 6, The photometry yields the

fo1lowing 3о upper limits fоr the observed pulsar mаg-

пitudеs:Ъ > 26р0, V > 26р1, R" > 25р9, I" > 23Т4,

As this rather distant pulsar lies almost in the galactic

plane, its dereddened flux values can Ье derived only

afteT ап ассurаtе study of the interstellar extinction

towards the pulsq,r position.

4. Discussion and conclusions

The deep photometric study of the PSR В0656+14 at

the б m ielescope has shо,лrп that the broadbaлrd spec-

trum of this middle-aged рulsаr is significantly of non-

thеrшаl origin (Kurt et al., 1998; Koptsevich et al,,

2000). Its complicated shаре differs frоm flat and fea-

turelbss spectra of young crab-like pulsars and сап-

not Ье e*plairred Ьу а simple spectral model (Pavlov

et al., 1907; Кurt et al., 1998; Koptsevich et al,,

2000). Similar behaviour, сопfirmеd Ьу our observa-

tions, shows the spectrum of the slightly older pulsar

Geminga. Some doubt still remains how deep is the

fall of ёеmiпgа's flux red'vard of R and тчhеthеr its

depth is restricted Ьу the emission level of the thеr-

-ul .o*porrent. Моrе observations, including the IR-

rапgе, аrе needed to address this question_ Neverthe-

less, current stage of the optical studies allows us to

suggest that the optical sресtrа of these middle-aged

Nýs а.е likely to Ье very different frоm those of young

ones a,nd mау hint the spectral evolution of the opti
cal emission with the pulsar age,

The detection of the optical emission frоm the old

pulsar PSR в0950+08, if proposed counterpart can-

didate is сопfirmеd Ьу further observations, mау соп-
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tribute to the above idea. The apparent excess in the
R lэand mау indicate the presence of spectral feature
at these wavelengths and raise а questi+n whether
thermai component is dominant in the optical emis-
sion of oid пеutrоп stars (> i06 уrs), w}rich is ех-
pected frоm the ýcenario of INSs evolution. Тhus,

searctr for optical countefparts to old рulsагs and
cooling INSs detected in Х-rауs mау Ье of grеаt im-
portanCe.

We hаче obseTved tlre fieids of the puisars J0108-
],4З1 and Ji908+0734 for the first tiпre. Although no
optical coirnterparts have beeri found, the estiinated
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Flgure 6: The fielrl of PSR J1908+0?46; th,e r:i,гсlе пt,аrhs
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magnitude uррег lirtrits suggest dеерег observations

of the fieids of these promisirrg objects" However, thtэ

optical emission of PSR J1908+0734 sеешs unlikely
to Ье cietected iп the В ancl v balrds duе to extirrction,

The sеагсh fог optical emission of mоrе INSs

with the subsequent rпuitiсоlоur рhоtоmеtгiс stutly

is neecied to shed light on the mechanisms of their
optical emission, to put cotrstraints to the раrаше-

*_

the рчlsчr radio positioп. its size соrrеsропds to

tегs of bot}r tlrегпrаi and попthеrmаl components, to

епriсh оur knowleclge of tlte Ns iпtеriоr arrd draw а

геа1 picti_rre of t}re rrerrtrorr star evolution,
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