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Figure 1 (Color online) Illustration of one halo term: CM is the direc-
tion of the major axis of halo. CS describes the distribution of satellite
galaxies. CF is the direction of the Large Scale Structure where the halo
is embedded. Illustration of two halo term: 6(C'OM) describes the align-
ment distribution of major axis of two halos.
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Figure 3 Histogram of the axis ratio ¢/a of dark matter halos [45].

049803-5



RRERSE. EBLY . MBS St ROCE 20174 547 54

ARS8, T/ R, AL 45 204 O 2 IR
SEIRH TR, T K ERIAR.

BT R IR, F 02 06 0 F B
JUT-FA MFI 1450 H5R G R M B A —
SRR KA 0,035 ARBEN 5 B
TRBEA — s AR 34, E A0 o ), i 5
Ak HERE A %, A (940 AT LRI RS — 1 log-
normal S5 AR, 534, JUT A R 5 R,
B ) A B B 61 5 BT 2 A AR AT R,
T 5 Kbl T B3, AR5 Bew S A 17 Yy
i,

TR BRI T 2, A
DT EAR R — SRR % 5 R KX BT RV
DU e T LB AR A0SR,

3 MRHE

XA VEAAA L AT ) LR B W) 2 R R
BLR: (1) A= A B0 12 2 AR R A, I —
IrIEAG A AR R A LR R Q) B &
8] (B P g AR 2 (8] A2 K RUEE E (22 AL )
(3) B ARG KRIEGE I [ {2 [ HES.

31 BEANNIEERTEDH

X AR KR A AT R A B A, RO
ATTRT DA HRIAT AR AT oA S A IR, () B AT TR
AW —AEEESGE: NROFE — #T R, HAE
T AL REIRY AR 3.1.2 75, KR ATRREA,
I8 B Y TR R R A T rp SR AR A A

3.1 RARADERHS

WIHT TR, f AT 78 32 B TR B RS
H R R, REAS RN B AT R LR R R
2 (AL L A, R 7 AR RN LR A RN
23 ] /3 AT A AR AR . Kroupa 25 A\ 1481 £ 2005 4FF)
AR RIEEAT 11 A TEEERMALE, BFR T H
B0, RILERER o3 16 TR R AR AR AE— AL
PPN, %P RS A E 2 0.1, Hix
ST SR RIS R TR E, WL 41981

L A s
200 3 B
. i .
100 i J
I /
o / ]
g of +— i
N *?‘ ]
. / ]
-100 , B
/

L / i
-200 H 7
P I B AR B T L1

-200 -100 0 100 200

X (kpc)

B4 (W& ED) Bld g B s & 2R R RS
A P, PR £ 2 A s BT R R T, ) iR R xt T
B RA DR AT A 18

Figure 4 (Color online) The observed spatial distribution of satellite
galaxies of the Milky Way. The short blue line denotes the disk of the
Milky Way and long dashed line is a fit for the disk-like spatial distribu-
tion of satellite galaxies [48].
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Figure 5 The Milky Way’s satellite galaxies show a disk-like distribu-
tion. The four panels show the distribution of the charateristic thickness
of the fitted plane in the simulation for four different halos [49].
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Figure 7 (Color online) The current alignment of subhaloes with the halo major axis at z=0 (red dashed lines), and the alignment at accretion (black
solid lines). It is found that the current alignment with the halo major axis is higher than that in the past, indicating a non-linear evolution effect which

is more obvious in intermediate halo masses.
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Figure 8 (Color online) The distribution of galaxy pair number (a) and the statistics cos(26),) as a function of scale length (b) [17].
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Figure 9 (Color online) The axis ratio S and shape parameter 7 of dark matter halo as of halo normalized mass. Different colors lines represent
different large scale environment and each panel shows the results in different redshift, respectively [46].

049803-13



RRERSE. EBLY . MBS St ROCE 20174 547 54

Ty
filaments

=]
@
T
N
I 7
o

median cosf

o o

o BN} (
T T T

o
o

o
o
T

0.5 |-

median cos@

04

v L Ll
0.01 0.1 10 100

1
M/ M.
10 (W28 FECRZIRT) 15 50 2 55 DR RUBETT ] 5K A B 2
— AU B NS A, 7E Filament FR858 1, KRB 7 19124 Fil-
ament 7E [, 7E Sheet R IEH, KR EETF7 A1 Sheet “FHITELL 7
I [ e [ I 2 H e 2l B DR RUEE T 1 R S AR S
LR H A 1o
Figure 10 (Color online) The distribution of alignment angles between
the halo major axis vectors and the direction of large scale structure
which are pointing in the direction of filaments in filament environment
and normal to the sheet plane in sheet environment, respectively. Red-
shift dependence can be seen from different colors [46].

ge T IR AL 7 ). fE UL RS B, Zhang 55
N RTVAE 2013 4R FL T & R EH Y Filament 77 ]
Z AV FRAE S, AbATT R BT (b e R R ) S Fil-
ament ()7 [ FLF AT ) 14, T35 73 D 43.26°, 1]
Wt g2 R RS Filament 22 8] R AR 55 A
KAE.

332 ERBEE) AmESARELSHHERMSE

KRR (B R) MAsIES KR ELSW
FIAE G, AHEE THE R AR - KRB L5 R AH Gk, Xt
faahE - KRESM T GRER. B2, —J7
2 W HIRTE T2 R M0 IRIE, 7 LUK
W B PR SCHEFE. S A0 T oK E 35 R &R
HR e (B 2R, HILRSFHM RS K A3 E
R /NER ARG, TR 2.2 T T M= RIEN) TTT
R, X B3 A B AR A5 3 ) i
(B R) fzhsE KRB A .

B AL, Aragon-Calvo FE N 119012007 4F
UXS T AbAE Sheet PRES 1 2, F A B EM T4

1.0
0.9F

0.8F - -+
0.7F
0.6F

<lcos(8)I>

1 Mpc
z=0

03
09F z=1
0.8F
0.7F
0.6F

<lcos(8)I>

2 Mpc

93
09¢F z=2
0.8F
0.7F

<lcos(8)I>

0.5 e

5 Mpc

—
—

0.6F /

-
-

-

- —

—

0.001 0.010 0.100 1.000 10.000
M/ M,

0.001 0.010 0.100 1.000 10.000 100.000

M/ M,

11 (ZRRR ) I 5 i 5 K RS M B4 e S8 KT 170 €3 Z IAVIR) Sy S5 ) — AL BB A DG 1k, Pt 17 oAt 56

PSR . R RZ S HTH R IR R e 2o
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The spatial alignment of galaxies on different scales:
A review on the theoretical and observational progress
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The spatial distribution of galaxies in our universe is not random, and they demonstrate different alignment patterns on
different scales. On the scale of galaxy and galaxy clusters, satellite galaxies tend to be distributed along the major axis of
the central galaxy. On large scales, major axis of a central galaxy tends to point towards large scale matter distribution, for
example, along the large scale filamentary structure. Even on larger scales, the major axes of different galaxies still have
non-negligible correlations. Besides, the angular momentums of galaxies are also correlated with the mass distribution on
large scales, with different correlations. This article will review the relative theories and observational developments in
galaxies’ alignment and spatial distribution, it will show that the anisotropic distributions of galaxies on small scales are
determined by the non-spherical nature of dark matter halo, and the correlations with large-scale mass distribution are also
the natural predictions of cold dark matter theory, and this article also indicates that studies of galaxy alignment help us to
understand the physics of galaxy formation and could be used to constrain the nature of dark matter and dark energy.
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