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The Luminosity Function for the member galaxies
and the Dynamics of the clusters
—The studies for the optical observations of
A2634 , A399 & A401

Abstract

With the expectation of searching for the information about the origin and
formation of the large-scale structures in the Universe, such as galaxies and galaxy
clusters, and providing observational proof for the previously available or newly
proposed theories for the formation and evolution of galaxies or clusters, this thesis
mainly concentrates on the luminosity functions (LFs) of 198 member galaxies
(including 174 early-type galaxies) in the central region of the nearby cluster of
galaxies A2634 in theB . V andR bands, and on dynamics of the binary cluster
system A399 / A401.

Firstly, the LFs of the member galaxies in the central region of A2634 in the B .
V and R bands were devived. The Schechter function, Gaussian function and their
linear combinations are used in our x”-minimum fittings. Comparison with other
studies for the LFs of galaxies shows that our LFs differ significantly from the LFs for
field galaxies and other rich clusters, which may be due to the differences in

morphology composition of the member galaxies and in the environmental effects.

Convincing evidence of a past interaction between two rich clusters A399 and
A401 was found by recent X-ray imaging observations. Based on the updated data for
the galaxies in the region of A399 / A401, we examined the structure and dynamics
of this binary clusters of galaxies. A mixture-modeling algorithm called the KMM
algorithm has been applied to obtain a robust partition into two clusters, which allows
us to take a virial estimate of the mass and deblend the velocity distribution for each
cluster using the x -test. Assuming that these two clusters follow a linear two-body
orbit, we analyzed this system with the two-body gravitational model, As a result,
three bound solutions were derived. The X-ray imaging observation and the localized

velocity structure favor such a bound-incoming model that these two clusters, with a
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true spatial separation of about 6.4h™'Mpc, are moving together with a relative

velocity of ~ 664 km s along the direction with a projection angle of 71.5°.

Additionally, the recent progress on the LFs of galaxies, substructures and

dynamics of galaxy clusters is also briefly reviewed.

Key words :  cluster of galaxies, luminosity function, K -test, dynamics,

two-body model
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Fig 1. The recently published blue-band Schechter functions transformed to the standard

Johnson B system. Surveys shown are: APMUIL ESPI®: sSR! NOGEY, spss1H?; ¢Sl
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Figure 2. The observed absolute magnitude distribution for the two-degree field galaxy
redshift survey. Given an incompleteness of 8%, we cannot reliably constrain the luminosity

distribution fainter than M ~ —17.
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Figure 3. The nearby group and cluster luminosity functions (left) and 1—, 2— and 3 — o error
ellipses for a Schechter function fit to either the full luminosity range (—22 < M < various, middle)
or the range comparable to the field range (—22 <M — Slogh < —17, right), all fits are to the solid
data points. Local group data: Pritchet & van den Bergh 19992 (solid); Mateo 1998126 (open),
Local sphere data: Jerjen, Binggeli, Freeman 20001" (solid); Karachtenseva et al 2002128 (open),
Virgo data: Trentham & Hodgkin 20012 (solid); Fornax data: Ferguson 198983 + Deady et al
20028" (solid); Coma data: Mobasher et al 200382 (solid); Beijersbergen et al 200283 (open
triangles), Trentham 1998"** (open circles) and Andreon & Culliandre 2002 (open squares). The
solid line shows, in each case, the optimal Schechter function fit overthe full range of data. The
data point and errorbars on the right most panels shows the location of the adopted global

luminosity function.

11



B ARBEFRCERBLB) )yF

o \
All Fields
Le _
o — —
3
=
iz}
Nan
Lo [ ]
—
=
[=71]
=)
— o —
—
—
le) |
== _
‘ [ar]
_" 1
| —20.5 —20 —19.5
*
Gl | | | B |
—22 —20 —18 —186 —14

M, — 5 log hg,

Figure 4.  Total B-band LF, covering an area of 1" radius of the Coma cluster. Combined
sample from the SSS (open circles) and DSS (filled circles) are used. Schechter LF fit is also

presented. M ; and « error countours at 1,2 and 30 levels are also shown..
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Figure 5. The global (solid line) and composition cluster LF (open circles) from within the

2dFGRS survey (left) along with the appropriate errors (right). Once again we find that the field

and cluster LFs are in statistical agreement.
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§2.3 PEHEAE (two-body model)
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SCHATE T 198 BRI R/ AE dy ov ev gv £u hy i BAEBIOMA S m,
SN UL/ A
B=m, +0.2201(m, —m,)+0.1278

V =m, +0.3292(m, —m,)+0.0476

R=m, +0.1036
TATATLG 2] 198 Wik i 2 R IF) By V. RAESE,

JE R Abell2634 (L AE N 2 =0.031, FEIAT PR AR TIX 198
AR R FRAE By V. R =BG ek 5.
(1) H,=50kms'Mpc', q,=0.
K TAETASC[1], SC2] LA [6) 3T L, 1o, A1 bk SClkA
7] (49 A7 7 VE RV 4 B, BB BH, =50km s Mpe!, SR T
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II. UEER

RATIAM = 0.5 BT LR THH, BEAR BN S48 B 7 724" ~ -16™ H G i
Bl B LRANTA (1) M5 198 MRBURRTE By Vo R /MBI R H
BHBEGI, HRASHAER 1 P

Kl 2,

30 AR TE (2) #7198 AR A R AL 174 ASFELUR R

ZEB. V. R =AM ER B M — a [ 1-, 2-, 3-c REMR, HilE%
BAER 2 e .

Number

Figure 1.
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Total B-, V-, R-band LFs for the First Part, different LF fits are also shown.

Table 1. Parameters of Different LF fits in the B, V, R-bands for the First Part.

band Fitting function a M* y7s o
Schechter -0.7410.03 -19.16 = 0.09 --- ---
B Gaussian -17.55+0.12 1.55%0.11
S+G -1.8810.07 -17.88+0.07 -18.31+0.06 1.01+0.05
S -0.71 £ 0.04 -20.09 £ 0.13 - -
\'% G - - -18.62%£0.13 1.46 X 0.12
S+G -1.76 £ 0.15 -18.67%£0.13 -19.19 £ 0.09 1.06 £ 0.08
S -0.85%0.01 -20.92 % 0.07 - -
R G -—- -—- -18.83%0.09 1.75%0.08
S+G -1.65% 0.24 -18.30 £ 0.08 -19.30 £ 0.05 1.20 % 0.04
Table 2. Parameters of Schechter LF fits in the B, V, R-bands for the second part data.
band Total / Early-types a M*
B Total (198) —0.62"00% —18.41707
+0.1 +0.23
Early—types (174) —0.72_0‘08 —20.24_0'19
+0.08 +0.19
v Total —0.84708 ~19.82°0%
Early-types —O.SOtgigz -19.8 ltgééf
R Total —0.82"% -20.28%%
Early-types —0.62t8:83 —20.07f8:§;
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Figure 2. The LFs in the B, V, R-bands for the total galaxies. Schechter LF fits are given. error

countours for M"and « at 1-,2- and 3- o levels are also presented.
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Figure 2.  —continued.
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The LFs for the B, V, R-bands for the Early-type galaxies. The Schechter LF fits

are shown. M “and & error countours at 1-,2- and 3-& levels are also presented.
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Figure 1. Velocity distribution of 240 galaxies with known redshifts.
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Figure 2.  Spatial distribution for 215 member galaxies of
A399 / A401 the binary cluster system.
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Table 1.  Results of x -test for 215 Member Galaxies in the Binary System.

Group size N 3 4 5 6 7 8 9 10 11 12

P(k, > &™) 14.1% 18.3% 44.4% 42.6% 34.1% 17.0% 11.9% 6.8% 15.1% 14.5%
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Figure 3. Bubble plot showing the degree of difference between the local velocity distribution
for groups of 10 nearest neighbors compared to the overall distribution of the 215 known cluster
galaxies.
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Table 2. Results from the KMM Algorithm
Case <X,Y,,v, > O(X,Y,,V,) <X,V,,V, > a(X,,Y,,V,) (f,f) Rate (%)
Initial Parameters
(59,16.9,22133)  (9.8,9.9,1208)  (-11.4,-15.7,21536)  (9.8,9.5, 1227) (0.521, 0.479)
(4.9,14.9,22099) (102, 11.0,1189)  (-12.7,-17.9,21491) (9.2, 8.0, 1254) (0.586, 0.414)
(4.9,14.7,22098)  (10.1,11.2,1185)  (-12.8,-18.0,21486) (9.1, 8.0, 1261) (0.591, 0.409)
(5.0,16.8,22126)  (10.5,9.7,1204)  (-10.7,-16.221532)  (10.4, 8.9, 1232) (0.53,0.47)
(5.8,18.6,22164)  (103,8.7,1233)  (-9.8,-14.3,21561)  (10.6, 10.1, 1201) (0.474, 0.526)
(4.0,14.6,22080) (107, 11.1,1212)  (-11.7,-18.3,21505)  (10.3,7.7, 1234) (0.595, 0.405)
Final Parameters
(5.0, 14.8,22107)  (10.1,11.5,1188)  (-12.4,-17.0, 21495) (9.2,9.0, 1239) (0.575, 0.425) 95.1
(4.9,14.5,22107)  (102,11.7,1185)  (-12.6,-17.3,21479) (9.1, 8.8, 1241) (0.586, 0.414) 95.2
(4.8,14.4,22107)  (102,11.7,1185)  (-12.6,-17.4,21477) (9.1, 8.8, 1241) (0.587, 0.413) 95.2
(5.0,14.8,22107)  (10.1,11.5,1188)  (-12.4,-17.0,21494) (9.2, 9.0, 1239) (0.576, 0.424) 95.1
(5.0,14.8,22107)  (10.1,11.5,1188)  (-12.4,-17.0,21495) (9.2, 9.0, 1239) (0.575, 0.425) 95.1
(4.9,14.5,22107)  (102,11.7,1186)  (-12.6,-17.3,21481) (9.2, 8.9, 1240) (0.585, 0.415) 95.2
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Figure 4.  The projected positions for the member galaxies of A399 ( denoted by asteroids )
and of A401 ( denoted by plus sign ). The dotted ellipses are the 2o contours of the fitted
Gaussians.
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Table 3. Results of & -test for 88 galaxies in A399 and for 127 galaxies in A401.

Group size n 2 3 4 5 6 7 8

P(Kn>Kr?bs)f0rA399 33.5% 8.7% 17.5% 56.7% 52.7% 57.1% 59.1%
P(Kn>Kr?bs)forA401 79% 594% 59.0% 87.3% 93.1% 87.6% 72.0%
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Figure 5.  The velocity distributions for the galaxies in (from top to bottom) the entire binary
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Figure 6. Bubble plots for groups of 6 nearest neighbors for 127 galaxies in A401 and for

88 galaxies in A399 respectively. The dashed line separates two clusters.

4



B ARBEFRCERBLB) )yF

§43 EARHEN) I

PLEIRATIE I KMM F306 215 BUE 25030 T A KT A399 / A401, Hok
PR RBH K 88/ 127, FEX— 4, AN A399 / A401 iIX— A Guia H Pifks]
SRR (PEILEE 3 SR — F HBh 2R,

[. A401 F1 A399 R &AL+t

— LR R G (KA S — AR AN B A G U ) O, A L H
TGS R A R

P AL 2R A v P R 2 ) 43 59 O S A 45 ) [RIPE A0 AR 1R CRITESRO BRI
L), BARBRYE R iR M, T T AR E 2 R

RY/4 1
M, =22 (—
vt G r<r>

Hi, o 2R ABIRREE RS, W PR Q/ry” BFRT:
N SR
) —DNp(; o)

ij

Horb, Np=N(N -/ 2 ZERBFERXNEH; 6, 2RI jIMEE, D
AR AR P T SRR

Wk LL B, IR A399 / A401 P AL AR 111 4k 5L &= 4 0 A2
2.003x10°h'M, / 2.074x10"h'M, .

II. A399 / A401 RGBS 2 AE R

H KMM [R50 a5 8, RATAI 53] A399 / A401 ARG H AR (HAKR 2L
ARSI %) HASH: BOPIEE R =2.0470 " Mpe, V, =629.7kms"; PiAL
RAMETEM =4.077x10°h"'My . KT A399/ A401 RAEMAHKSEK 4
igg . BATEE, =2.0604x 107 W' B> (BE FH I FRIMIREIE SR Q, =1,
ORI g, = 0.5). XA, Rz ] LB e 8 M a (ERV, 1
BRI IR AL PP AR e o

{7 BP0 B 2 R R T DA i R AU [ TR (S A — 75 §2.3). B 7
SR AR Ca s V) DL, BV, =629.7km s , K7 1%
PRERATIOCH KA. NIzah T RERKE, H4i (collapsing / incoming) FEZMK
(expanding / outgoing) BRI E RVFI . T4 M o INAHEVE, AP

43



2R P L O B K L)
B4ifR: (a) y=3.7187rad, a=71.465,R =7.007h"'Mpc, R =6.4393h"' Mpc,
V =664.15km s'; (b) y=49726rad, a=11.1581", R, =5.6183h""Mpc,
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7=24036 rad, «a=793916", R_=12.7184h" Mpc, R=11.12h"" Mpc ,
V =640.65kms™ .

Table 4. Properties of the A399/ A401 system

Parameters A399 A401
z 0.0718140.00044 0.07366+0.00036
V, (kms™) 214773 22107.0
o, (kms") 1240.9 1184.9
{1/ry" (h" Mpc) 0.594 0.674
M, (10°h'M,) 2.003 2.074
I ! I ! I ! I
L ;Outgoing (c) ]
- Incoming (a)
60 |- : -
) : Bound
3 - Region
S Vr=629.7kms’ s
S 4w} § -
° :
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Figure 7.  Projection angle « as a function of radial velocity difference V, given by the
two-body model with M =4.077x10"M, , t, =2.0604x10"h™"s. The bound and
unbound regions are indicated. The filled circles represent the allowed solutions if the systemic
radial velocity difference is taken to be 629.7 km s; from top to bottom , the bound-outgoing (c),

and the two bound-incoming solutions (a) / (b).
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