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SCIENTIFIC RESEARCHES

Photometric irrvestigation of the field arourrd
gravitational lens SBS 1520+530 with the б m telescope
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ДЬstrасt. \Ve present the геsults of the photometric study of the gгavitational lens

SBS 1520+530 field, rvhich was саrriеd otrt with, the б тп teiescope of thе Specia,l Astrophysi-
cai Observatory (North Caucasus, Rrrssia). Direct images of tlris field, t,aken with а CCD саmеrа

installed at the prime tbcus of the б m telescope itr the В. V, R. I bands rvith а seeing (FWHN,{)

frоm 01'9 to 1'.'4, allowed ilew data on both the struсtuге of the SvSteIn it,self and the environment
of this uniqrre object to Ье obiained.
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SBS 1520+530

1. Introduction
Тhе рhепоmепоп of gravitaticna,l lensing геmаiпs iп
ttre focus of interest of astrophysicists, providing da-

ta for mапу, applicatiorrs, suc}i as the problern of dагk
шаttеr, deteгminatiori of cosmological раrашеtегs, in-

vestigation of inteTnal structrire of cluasars, etc.

Тhе gravitationai11, lensed system SBS i520+530
ц,аs discoveгed Ь1, the artthors in 1996 using а fast

spectrograp}r of the б m telescope (Clravusltyan et

ai., 1996). TrTo Ьгightеr compolrents of the systenr
have been revealed to Ье lensed images of а quasar

located at а гedshift of 1.855 and separated Ьу 11'6.

The identit1- of ledshifts апd sirrrilarity of emissiort
features as rTeil as absorptioir lines -- Ьrоаd апd паr-
rоw -- allorved us to concLude ttrat SBS 1520-1530 is
а gravitationalI1, lensed В \L QSO, the second known
after Сlочеr Leaf H1{13-1J.7 (\iagain et a,l., 1988).

Any traces of the lensing o'Dject iчеге поt found in
that рареr.

H-bancl obserl,ations rtiih а spatial геsоlutiоrr of
0.'15, carried out rr,ith tire С'апаdа-Frапсе-Наwаii
Teiescope adaptive optics svsteпl ,Сrаmрtоп et al.,

1998), showed, as the аuthоrs conciuded. а lerrsing

galaxy between the Ыightег Coпlpollents of tlre sys-

tem. This result сопfirmеd SBS 1520-5З0 to Ье а
gravitational lens. The }ensing galaxi,ъ,as 1ocated (У,'4

north ,east of the fainter соmропепt В.
\evertheless, а final conclusion aborrt the struc-

turе of SBS 1520+530 is still open to question Ье-

cause of the uпkпоwп гedshift of NW and SE system
components: the 1'оrmег is чегу sirnilar to the А arrd

В components in coiours, the latter is пruсtr reddey-
i,l

1цр

2. observations апd data reduction

\trЪ contirlued gathering plrotometric data with tlre 6
m teiescope hoping to improve the accuTacy of pho-

tometric раrаmеtеrs of the knorvn sоuгсеs, to detect
and mеаsurе colours of faint objects belo,,l, the lim,it

of previous studies.
All data wеrе taken during observing ruпs in 1996

Juпе and 1997 N4ay. .All niglrts within these гuпs wеrе

рhоtоmеtriс: ancl had seeing conditions (F\YНМ) Ье-

tween 0.'В arrd 1'J5. А 1040х1160 pixel CCD gave а
fieltl of vierv of 143" х 160". Spatial sапtрliпg of data
was equa} to 0.'275 реr pixel, using CCD 2х2 birrnirrg

rvhile seeing was WоrSе than 1'l. Data with а seeing

FWH]VI ry 0.'8*-0/.'9 wеrе accluired without binning arrd

the scaie was equal to 0,'137/pixe1.

А cornbinatiolr of сlеtесtоr and lrroad*band filters

realized а system which is чеrч close to the standard
olle - Johnson's B,V and Cousins's R, I. АП оЬsеr-
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-,:ions consisted of а sel of 600s exposllres.
Daia reduction was реrfоrmеd rvith t}re sоftrr,агr:

_.r,eloped in SAO Ьу one of the аut}rогi; (\'\_'\') . АГ-
- 
=: bias*subtraction, flat-fieiding and саliЬгаtiоп, tiltl
__]ividual frашеs wеrе median соm'lэiпсd iп огdеl t,_l

: : ]lo\re cos:Tric--ray events. Iv,Ieasureшierrt of iriclr ч idu а1

ject flrrxes was carried out Ьу, signa1 integraiing iri
::,п,iпg сirсulаr apertures rvith ro}эust esrlmaTes oi
,х iп tlre сurrепt сirсulаr suЬ-араriuгс.

з. Results

- .- detailed analysis of t,tie obtairred reg",riis is lre-
._: the scope of the рrеsепt рареr" Belc:w we present

, , . эге}imiпаrу results of the photorrretгic study of
]:-:_\]]€s in the field surrourrding the StsS ]520+5З0
, :-.:ll in R апd I colotrrs arrrl ВVRI пlеа,surеmеl:l s
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Figurе 2: Di,fferential соuпts о! galari,es i,п R (ореп
squ,ares) апd I (filled, squаrеs) Ьапds.
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for the componenis of the system iiself. А пе,il.- геSult

obtained hеrе is an estimate of colours of а liell, object

which is чеr_y close to the system.

3.1. RI рhоtоmеtгу of galaxies in the field
агоuпd SBS 1520+530

observational data presented beiow wеrе takerr iп
1997 lr{ay 10 B-ith а seeing FWHM=11'4_-1'j5. R and

I band observations consisted of 4x600s апd 3x600s
exposures, respectivel},. and covered опе field (size see

above) аrоuпd SBS 1520+530. The 5о, detection liпrit
was ry25Т7 in deep R data алd ж24Т2 in the I band,

In Fig. 1 we рrеsепt а gге1,-sсаlе resulting irnage

in the R band. Almost 280 objects Tvere fоuпd in

this frаmе, and most of them. as was defined Ьу au-

tomatic рrосеdurе of stаг-gаlа-х1, ciassification, wеrе

faint gala_xies.

The sаmе objec:ts wеrе measuled оп tlre resulting

I frаmе in оrdеr to get its (R - I) соlоurs. Due to thе

lower detection limit in the I band the faintest objects

did not get colours - only z200 galaxies геmаiпеd

н-4Н

1

R-I соlоuт

Figurе з: Соlоur-пtаgпitud,е relatioпship fоr golaxies detected, аrоuпd the SBS 1520+530 sаstеrп-

irr the final photcrmetric list,
As faint object statistics shows, tiris sub-sample

of galaxies саппоt corrtain mоrе than 10% faint stars
arrd we can igпоrе pollution of оur sample of gala,x-

ies with stars. The coпrpleteness limit of the sample
of galaxies can easily Ье determined frоm differential
пumЬеr counts, w}rich аrе s}town irr Fig.2. The data
аrе normaiized per 1 sq.degree and 1- bin.

These пumьеr counts аrе not соrrесtеd fог the in-

compieteness because of the lоwеr probability of оЬ-

ject detection at ttre faint епd and demonstrate that
оur list is complete up to R:25P0 and I=23P5 at

least. The data аrе quite well арргохimаtеd Ьу а lin-
еаr law :

LogJv*(m,) = К х rп * Const.

The slope ralues К for R and I rnagnitudes are

0.26*0.03 and 0.23*0.05, which is in аgrеепrепt with
the estimates from <rthеr deep counts of galaxies as

well as а total surface density of gala.xies (see, for

ехапrрlе, Williams et al., 1996; Fried, 1997).
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Figure 4: Image of SBS 1520+530 i,п R Ьапd" before(left) апd after (right) м,Ьtrасt,i,оп o,f пеi,ghЬоuri,пg stаr апd,

Ьrфht саm,ропепts. Total еrраsште t,irпе - 1800 s. Seeing FWНМ:а!В5.

b-sample
aint stars
of galax-
re sample
iffегепtiаl
The data

ог the in-
ity of оЬ-
гаtе that
=23Р5 at
Ьу а lin-

tudes аrе
пепt with
ilaxies a-s

. 

(see, for

In Fig.3 we рrеsепt а colour-magnitude diagrarn,
эdationship between R * I colour and R*magnitudes.
Еоrйопtаi Ьаrs show еrrоrs in colour шеаsurеmепts.
Тго sub-samples of galaxies аrе clearly seen,in this
figще - one has blue соlоurs (0' < R - I < 1-) and
tbe other has red соlоurs (R - I > 1*). Among oth,er
gаlлriеs, sorne пumЬеr of very blue and red ones can
Ь found in this field. Undoubtedly, the reddest galax-
ies (R - I > 1Р5-1Р7) аrе distant objects with а red-
sirift mоrе than 0,5-0.6 and the bluest galaxies are
шлdеrgоiпg burst of star foTmation and probably lo-
elrred at z<0.5 (Rосhе et aI., 1998).

а2. Photornetry of SBS I"520+5&0 system

ýor а detailed study. of the SBS 1520+530 system
:ýt]lсturе) rMe used first of al1 the data, taken dur-
щg the night of Мау 12, 1997 with the best seeing
emditions (FWHM=Oi8*0.'9) and with 0i'137 sаm-

Сiпg. ТЫs data sampling provides us а possibility of
mbtracting the brighter system components with а
пт_lтimrlm ассurасу.

ТЬее independent 600 s exposures wele included
frшпо our analysis. An image of а neighbouTing bright
яаr пith R=l7T'2 was used as а point*spread func-
,--п (PSF) fоr subBequent subtraction. Unfortu-
швtеIу. some variations of the PSF form across а de-
lктоr frame limited the ассurасу of this рrосеdurе.

Iп Fig.4 аrе shоwп епlаrgеd fгаgmепts of the im-
цк Ьеfоrе адd а,ftеr рrосеdurеs of removing bright
ФЕrаtiпg star and subtraction of 4 brighter system
сrшропепts, using the norma],ized point*spread func-

tion. Orierrtation of the image - east is to the top,
north. is to the right,

As it is сlеаrlу seen оп the right рапе1 of F'ig.4,
after subtraction only one companion object is visi
Ьlе ду1l'В to the north-east of the В соmропепt. trt is
marked }эу ап аrrоw. Its magnitude in the R band is
equal to 22Т6*аР2, The same procedures wеrе ар-
plied to data taken through the В, V and I fiiters. We
estimate i;he brightness of this otlject as 23Р6*0Р3 in
thе V and 2\T5+V!3 in the I band. In В data we сап
опlу give an uppel limit on its brightness - 23Р5.
The shаре of the nerv component image does not al-
low us to make а suggestion concerning its паturе -
рrоЬаЬlу, the imperfections of PPS in the subtrac-
tion procedure masked its extended structure. But
as it folloTvs frоm our mеаsurеmепts, tlre size of this
comparrion object is very similar to that of the РSF
itself - the difference is less than 10%.

Садеful inspecting of objects which surround the
gTavitationally lепsеd system allows us to find at least
5 galaxies located within 10" frоm the system with R
magnitudes ]эetlмeen 22* апd 24*. The most inter-
esting gaiaxies аrе ],ocated x6'/east and west of the
system. They have colours R - I between 1Р2 and
1рб, which аrе чеIy similar to that of the new соm-
ponent of the system (1Р1).

4. Conclusions
We have presenied preiiminary analysis of deep di-
rect images taken with the б m telescope for the
field around the gravitatiotral lens SBS 1520+530 dis-
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covered recently. The counts of galaxies, complete to
25Р0 in the R and 23Р5 in the I bands, demonstrate
good аgrееmепt with pгevious deep counts of galax-

ies. The sample clf galaxies in this field shows the
presence of two sub-samples, which аrе separated Ьу
(R - I) colours. РrоЬаЬlу, We See а mixture of back-

ground galaxies with redshifts of 0.5-0"6 and higher,
having (R - I) ) 1', and foreground galaxied with z
less than 0.5, having (R - I) < 1'.

Садеful subtraction of the bright components of
the system allovr us to provide mеаsurеmепts of
brightness of а new object which is чеrу пеаr to the

line of sight. Its соIоurs rчеrе found to Ье similar to

those of the SW component апd sorne neighbouring

galaxies. Meanwhile, we could not establish
whether the mоrрhоlоgу of this object is star-like
extended.
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