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Determination of distances and peculiar velocities of
clusters of galaxies

Kopylov A.I., Kopylova F.G.

Special Дstrорhу-siсаl ObservatorY of the Russian AS, Nizhnij Arkhyz 357147, Russia

Rece,iued FеЬruаrу 20, 1997; accepted FеЬruаrу 27, 1997.

дЬstrасt. оп the basis of CCD photometric and sресtrа1 observations on the 6-m telescope

relatlr,e distances аrе mеаSurеd and an estimation of the peculiar velocities of ciusters of galaxies

in ursа \Iаjоr suреrсlustеr and at the rreighbourhood of а giant void. having а diameter of

З00 \Iрс aIrd а radial l elocity of the сепtrе of З2000 km/s, not far frоm t}re direction to Nоrthеrп
Galactiс Роlе аrе done. Тhе Hubbie relation between radial velocity and distance is fulfiled for

the suрегсhrstеr. The peculiar velocities do not exceed 500 1000 km/s. At tlre neighbourhood of

tlre l-oid the svstematic deviation of c]uster distances frоm those follorved from the Hubble larv is

discor-ered: the motiorr of clusters to the outside of the void is оЬsеrчеrl, А tota1 aпrplitude of the

exparrsion уelocity оп а scale of 15000 km/s (- 300 X.,fpc) is 900 and 200 (+200) km/s in,ithout

and lr,lth accounting fоr luminosit1,, evolution of galaxies, respectively.
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At ргеsепt the cleterrnination of distances Ьу

пrethods independent fгоm measuring redshifts аrе

at the fiгst рlасе iп inr,estigations of lаrgе scale dis-

tribution of galaxies. The Hubble lar,v gives а possi-

bilit1. to dеtегmiпе distances to extraga}actic objects
in the first арргохimаtiоп, ignoring thеir peculiar ve-

1ocitie_c. }Iеаsuriпg а distance Ьу апоthеr method, for

ехаmрlе. usirrg plrotoпretric or structural раrаmеtеrs
of the obiect. it is possible to sepaTate from an оЬ-

sегr-еd velocitr, (cz) а соmропепt additional to the

Hubb}e r-elocitr, а ресuliаr velocity of the object
(galaxr, оr galaxr-cluster). А knowledge of the three-

сliпrепsiопаi c:oordinates of the objects and their ре-
сuliаг l,clocitics реrmit to study а dyrranrics of galaxy
S\.SteпrS arrcl сlustег sl,sterns superclusters, as weli

as а gеопlеtrv and а dl,namics of the universe as а
rThole.

Fоr uпdегstапdiпg of ап origin and evolution of
the 1агgе scale struсturе it is important to studi; in-
homogetreities of the lаrgеst size (mass) superclus-
tels and l,oicls. Соrгеsропdiпg scales аге 100 300 \4рс
(hеге arrc] firгthег \1,е use llо : 50 km,с-1, N,lpc-1)
and а nrass excess (а deflcit fог voids) mа1, rеасh
1016 - 1О18 _]1;. If а contrast of density of both vis-
ible arrd unтisible mаttеr in these inhomogeneities is
lагgе then it should Ье displayed Ьу iarge velocities
of motion inside and at the neighbourhood of these
objects. If ап unvisible mаttеr is distributed mоrе ho-
mogeneous}y then ресuliаr veiocities should Ье small.

Сlustегs оf galaxies, the most massive gravitation-

all_,v bounded objects, аrе the conl,enient mеап to in-
l.estigate the distribution of t}re matter and veloci-
ties up to \,еrу 1аrgе scales (300 1000 N{pc). Galaxies
of еаrlу morphoiogical t_vpes, elliptical and SO, рrе-
dominate in the сlustеrs and have as а rule а rеgulаr
structure - а radial brightness distribution is wel1

described Ьу de \hrсоu]еurs iaw ("'/'). А star veloc-
ity dispersion in galaxy along with ап effective radius
and а mеап surfасе brightness on effective radius de-

fine so called "Eundaпrental P}ane" (FР) populated
Ьу еаrlу type galaxies rvith а small sргеаd (Djorgor,-

ski and Dal,is, 1987) . Fгоm 1агgе samples of galaxies

sечеrаl relations wеrе found, being FР ргоjесtiотls.
ц,hiсh a}low to dеtеrmiпе galaxy distances. The сеп-

tгаi veiocity dispersion of stars depends on the total
lunrinosity, L7 жо! (FаЬег and Jackson, 1976), and

the effective radius Л" and the surface brightness р.
аrе related as д,€ о( 3,1og(Л") (Коrmепdу, 1977) ,

Оur mеаsurеmепts foT luminous E-SO galaxies give

the relation (Fig.3)

д" : 2.8(*0.15) ,lоg(Л.) * const. (1)

\4easureпrents of the central velocity dispersion ivith
а }righ required precision is а difficult task rvhich can-

not practically beerr реrfоrrпеd at present if ц,-е dea.

with mапу faint distant galaxies. The relation (1) al-

lows to determine galaxy distances on the basis of

рhоtоmеtriс observations only. Though the еrrоr of

the indil.idual distance determination is increased, fог

clusters situatiorr is looked rаthеr hopeful, so far as
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- is possibie to average Ьу several galaxies (frоm 5

20, ori dependence of richness of а cluster) and to
:ltain the distance for а cluster as а whole with high
:_ough precision.

WЪ have selected fоr investigation а supercluster
_ galaxies in Ursa Маjоr (further on UN{a) and а

-_ant void in the distribution of clusters of galaxies
,;гthеr on GV : "Giant Void') disco,,.ered оп ВТА
,,ln the observations on the "Northern Сопе" pro-

-]аmmе (Kopylov et ai., 1984, 1988). А GV diaпreter
а maximum diameter of а sphere without clusters

. _galaxies о{ richness Л > 1 - is equal to 300 N,Ipc. А

.diai velocity corresponding to а сепtrе ofthe void is
,out 32000km/s. The redshifts of 13 out of 17 clus-
::,s surrоцпdirrg the void $,,еrе measured fоr the first
::lе on ВТА.

Гig, 1 shows the distribution of clusters in UN,Ia
- ,Dercluster in equatorial coordirrates. А size of the
-:ion shown is 55 х 28 \4рс for а middle чеlос-
, of the supercluster of 18000 km/s. А mеап rа-

. а1 l,elocity in km/s and а паmе аrе given for еас:h

"lster. 
Clusters frоm the Abeil catalogue аrе s}iown

,,- сгоssеd circies and рооrеr сlustеrs (Ваiеr, 1980;

:._есtmап, 1985) Ь1, сiгсlеs.
Fig. 2 shows the distribution of clusters at the

-.ighbourhood of GV projected оп the рlапе passing
1 ._,гоss the centre of the void. The diagram covers
,..е region of space rvith coordinates on right ascerr-
. lп 10h - 16fr, redshift z 10.2 and opening angle in
,=cllnation 300 (275 N{pc at а distance of 600 N{pc,
,ггеsропdiпg to GV centre position). 'Ihe rich соm-
:ct clusters observed in the "Nоrthеrп Сопе" рrо-

_:,alnme аrе shown Ьу filled squares, other АЬе11 clus-
--.:s of richness Л > 1Ьу filled triangles, and Ьу сir-

.,s 
- 17 clusters (a}l of richness R = 1) being at

-._l, distance of 150-200 Мрс frоm GV centre. Fоr the
l]tег W€ have determined the photometric distances

-:.d estimated peculiar velocities relative to the GV
.:ltIe.

The observational data (the direct images with Л.
, -:ег) have Ьееп obtained with the help of 520 х 580

-2оо 0 а00
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Figuге 2: Di,stri,butiort of сlustеrs i,п the ui,ci,nity of the
g,iапt uoid.

CCD оп ВТА in 1994-95 уеаrs. The mеап seeing for
GV rvas equa1 to 1']4 (FWHN,I) and fоr UN{a -- 11'8.

The оЬsегчаtiопs оп the 1 m Zeiss telescope rr,ith atr

analogous CCD ailolved to bring almoust all data to а
соmmоп photometric scale rvith an ассurасу of better
than С}03. Оп the 1 m telescope п,е hal.e obtained
the aciditiorral data fоr severai bright galaxies too.

The photonretric measurements (а s;lnthetic mui-
tiарегtrrrе photometry,) were performed for mоrе than
200 gaiaxies in 17 сlustеrs аrоuпd the void and
fоr about 100 galaxies in UN,la supercluster. То the
mеаsurеd values of д" and Л" cosmologicai соrrес-
tions (Ар" ж (1 + z)a, the K-correction, an anguiar
to liпеаr size transformation) were applied, that is
all data аге considered in comoving coordinate sl,s-
tem fоr the "standard" cosmological mode1 (Но :] а. ]

50 klп, г l , \I;lt, '. ,1о = 0.5).
Eig. 3 shorTs log(R") ;.r," diаgrаm for galaxies

in сlustеrs arc_itrrrd the Gv observed п,ith the ВтА
and Zeiss telescopes. Гillеd circles show galaxies iл,ith
,11л S -22Т3. pluses galaxies with ,41 > -22Р3
and сгоssеs .- del,iating galaxies wlrich lve have not
used.

The galaxies rTith absolute magnitude J-1,1д S
-221'3 lл-еге used for determination of distarrces. Fоr
each сlustег the аl,еrаgе valrre of Со - p"-2.8.1og(Д")
rvas calculated. r.ihich must Ье the sаmе fоr all clus-
ters in tlre case of an absence of deviatiorrs from the
НuЬЬlе lalv. Тhе mеап еrrоr of Сб taking average on
3,-11 galaxies is equal to 0Р06 that is about 5% in
distance determination.

In оur study of U\'Ia supercluster, using the пеw
observational data with Ьеttеr seeing quality, we con-
firm оur previous result (Kopylov and Kopylova,
1996) . The supercluster is Iooked as compact on а
projection only. In total radial distances of clusters

лiffi м. i.fr;нrflФл* 
iдт Ф О_*оffi

Q* Ф_ Ф gЙ со iЖlш дll&lfiй лЕ- Ф |ffiшш*

\
lrл^'5 l .-ъ
.|л " l. .a .r.^.l - .

' l' 
" 'r\ ^l

\лл-^.:" 
-" {.;{i

оо
^ 

о об :,

we
Text Box



68 КОРYLОЧ, КОРYLОЧЛ

++.
+'+

+

+++

х
aх

-a)
ý
+
+

2з
0,8 1,0 t2 1,4

lglt. (kpc)

Figure 3: Коrmепdу diagram Ig(R") 1L,, fоr galaries
i,п сlustеrs surrоuпdiпg the uoi,d. (Fоr descript,icln see
the text.)

соrrеsропd to their Hubble velocities. It is not ех-
cluded that the сlustеrs аrе grouped into 3 associa-
tions with mean l.elocities of 15900. 18600 and 20800
kпr/s. Its internal dynamical l,elocities do not exceed
500 1000 km/s. So, the UVIa supercluster is rejected
frоm candidates to the superrnassive gravitationaliy
bounded objects.

Fig. 4 denronstrates the main result concerning
the loid. Неге сrоssеs mark 3 clusters with insuffi-
cient пumЬеr of mеаsurеd gaiaxies (1-2), Fоr others
ц,е used frоm 3 to 11 galaxies. T}rree clusters shоwп
lэv ореп сirсlеs fоrm the supercluster which mау have
а 1аrgе ресuliаr velocity, but so fаr u,е have no а ге-
liable plrotometгic calibration for 2 of these clusters
п.hiсh аге most strongly deviating. It is песеssаrу to
саrrv out additional сопtrоl observations for them.
Fоr оthег clusteTs it is observed а systematic devia-
tion of cli-ctances frоm the Hubble ones: clrrsters fоrпr-
irig the fгопt "rr.all" of tlre void lie systeпratically fur-
thеr. and clrrsteгs оп the back "wall" lie пеаrеr, А
rеgгеssiопаl геlаtiоп fоr 11 сlustеrs mаrkеd Ьу fil}ed
circles is

Co=-1.j3(T0,31).:+18.720(+0.024) (2)

So. оп а\-егаgе. clusters shorv outward motion rеI-
ati\.e to ttre r-oid сепtге. А total amplitude of the
expansion veiocit1, оп the scale of 15000 kпr/s (-
300 \Ipc) is eclua1 to 900(*200) km/s not taking into
account а luminosit1, el,olution of galaxies. If rve take
into ассоuпt the eгolution (Anz : -!.2.z) then the
expansiotr lelocitr- is lоц,,еrеd to 200 km/s. The оЬ-
_.егr,ес1 рiсtttге соггеsропds to а u,eakly perturbed rTro-
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Figure 4: Relati,ue photometrical distance (ачеrаgе
чаluе of zеrо-роi,,пt rеlаtiоп (1)) as а function of th,e

redshift !оr the сl,u,stеrs iп the uic,in,ity of the uoi,d.

tion of matter at the neighbourhood of the void.
what means tlrat thеrе is а small negative contrast of
the total mass densit1, in the l,oid, Ап investigation
of а distribution of such objects as galaxy groups.
active galaxies and quаsаrs at the neighbourhood of
the void and а соmраrisоп шith the objects in irigh
density regions is of а great interest.

А method of dеtегmiпаtiоп of cluster distances
with t}re help of the Коrmепdу relation. fоr the first
tirne used Ьу rrs in investigations of suреrсlustеrs and
vtэicis, mау Ье applied also for the Тоlmап cosпIo-
logical test, to verify that the redshift is an effect
oi rеаl expansion of the Universe. Up to поw wе
have obtaineci otэservational data fог 39 clusters, in-
cluding пеаrЬу Соmа ciuster, in а redshift rапgе of
z : а.02 - 0.15. In this task especial care is necessar\,
to examine and take into account evolutionary effects
of changing of surfасе brightness of galaxies.

Acknowledgements. Tliis work has been srrpported Ь1,

93-02 17186 RFBR gTant.

References
Ваiег F.W., 1980, Аstrоп.Nасhr.. 301, 17
Djorgovski S. and Davis N,I., 1987. Аstгорhуs. J., 3L3, 59
FаЬеr S. and Jackson R., 1976. Аstгорhуs. J., 204, 668
Kopylov A.I., Fetisova T.S., Shvartsman V.F., 1984, As-

trоп, Tsirc., No.1344, 1

Kopylov A.I., Kuznetsov D.Yu., Fetisova T.S., Shvarts-
mап V.F., 198В, in: J.Audouse et al,(Eds), "LaTge
Scale Struсtuгеs of the Univeгse", 129

Kopylov A.I., Kopylova F.G., 1996, Bull. Spec. Astгoph5,s,
Obs., 39, 4.1

Коrmепdу J., 1977, Astrophys. J., 218, 333
Shectman S.A., 1985. Astrophys. J. Suppl. Sеr., 57, 77




