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(TE=S

i 7 HE R 5 R A2 A, ACDMAE Y 38 A7 78 FLAth in] A8, bb a2 5 2% A Bh & A
RIS T =2l 2 BB AR R s 2 () RO ) R 8240 P gt i kb i) R AT DS Bh RAT]
85 7 VA B 0 R PR e o R R YR e 5 R R KA LA R 220, ERR RS R 11 A s B R R
ANBE BB, AR E AT B FR 45 M R B 5 DA R 8l 2 A B s 28], flhn, M3
BRI R REL RN, &1 A3l H B RSEORERIE, €M R A RERS
B EESHRY. 55—, F AR ES SR T R — A B R4 R R = T
PRAESHH I, 3X 45 4k A T B A TR IR 38 BE B 30 20 i 2 R TSR AR AT B 52 1 - P 1147
RIZFh %, FE H AT RE R B R A i 10 JR R 26271 phAbh, T i I 2 1 [ A TR T35 51 F
84 BT AR 28,

KERIWF TR B Y0 DL EE I L 2 5 B 2 1 3 B A AT i, s>k, B
7 [ 25 Rt 22 5 e B PRI B R R A MR BESR UL, s FE R HERE = R 2 R A 2 —
ANFAR ), AT DLE Ik 3 AR 1) 2 A5 5 B R 2 8 s R SR A w290, AR, Je Rt R R —
W7 o PR A I I v TR IR HE, HNCA B R E R R, G0 SCHR[30]. BkAb,
BRHMCLIE T LR TE 7T LB 2R &R BERIR. B
B SR A I AR, R R 7 AR BB T B, a0 SC#R[23, 29, 31-38], {H& ML
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v G B A R 1, /0 4 W 3 G n] 52 31 8 7B AR 51 71 FE s AR SO ks K
FEA I 07 F AU A B, 0 7 B P B R S = R iR A A s E AR S RIS
M S LI A0 R
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A TAEH, IAMER 730 5= d7 A0 E s, B4l ) B B4 (Dark Matter Only,
DMO), SHaSTA . 18R TE N 3) 7] %% 8 & (Supernovae, SNe) K 15t 11540, (Cooling
Star Formation, CSF), fECSFH A 3 & R A% K 15t KA 4L (Active Galatic Nucleus,
AGN). Horr, J5 W38 Rk s ) . RIS, ohag—Fosdil, A1 1 HAE3A 2078
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P i 2 FH R 70 B P R 5 5 KR B G5 A 1 56 R B9 101 Z 40 LLACDMAR B oy
HEZL WEVI % FE 2400, = 0.24, EFOTRRO, = 0.0413, TIFRIESE oy = 0.8, YIS
T8%n, = 0.96, BENSECN100h km s~ - Mpe™t, Hrh = 0.73. ZEWIELLF 2 = 4940
1 3d Zel’ dovichIT AR BAWTUA KA1 2] — N RSN L = 410 A= Mpe & B 5 81 AR B
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FHXTAEEN T 2R KA.

TESFREUE LT, BT LI ALk PR (2 x 1024°) & L F 2 Um, ~ 3.54
x 10° h='MgHmy ~ 7.36 x 10° h~'My. FEDMOBRL, K52 Tk T AL 3my Fm, 1§
Tl T PR R b SRS e A0 R T AR . 1T AE F AR R AN B 7 L, mo R R T
AP B X FCADMO T B I G 2 R 1 e ] LS8 4 S AR Sl 77 5 %)
IS (4] % o5 FH O B 37 IR AR [ SR AR F 46, ek, o TR AR v T 4 i S HA B 78 i 5|
JEC AR B8R b i AR A 2 75 2B BTG 2% A i DR A 9 s v B A% IR B 17 52 31 52
) (29

2.2 REMETE

A SCAE 3R A A0L F 4 4R 18 i TREE-PM/SPH (Tree-Particle Mesh/Smoothed
Particle Hydrodynamics) AR GADGET-33 17, 1X & GADGET-24XHS i e ik il A< (7],
ZAVS 8 S ¥ Peano-Hilbert Hi 2k (AN ELEES 7 73 Bl 25 [7]— 5B TT, T AEFS AL 2 2512
AT IR PR R AR A7 P 4 e A 38 5. AR R, THEES] U AE A T PlummerE 251
Bk, B S e N2 = 0.08]2 = 2.0 [E & NT7.5 h~kpe. TERELAFBR, BALLEH
TILAFR R, BELLFE AL, TE 245 WL OCHR[29, 32).

FEP AN ARS) ) SR, R & J@ 4 S VA E0 R v SRR B TR T i LY, R
5 7% 8] 351 SY R0 AN s A4 1) 58 A0 55 R B AT Ik /8 2. SRR 7 I 2 A AL B AL R E A
RS AL FERE— A Z AR b, A AHFIEAE A, A AH N 1E B TR R 6 45 (R
IS, il A AR [ Gl 4 1RO 1 1) B A R R BE LI, AR T B 2 7 AR I ARUE
FRLF. AR BN T 2 AL FESNe-TTFISNe—Ta 2 15t LA K i 5 S 1E B (1 4k 2236 5Kk
7R A 4 JE I RS B 7 % I s e T AR A SN ek KE IR B 1 2 R WA A SR SE B, 7R
XH R R RAE PR L S — o B e R R, BB R RS EE TR
I M, = nM,. fECSFEIH, %0 = 2. Kk, = 500 km -s~!, XK 24 TH %
SNe-TDRETEU e 52 4 # N Bl BE 1 B RCR T — 2, BEIMH A2 Salpeter #1465t & B 2. X
TAGNEHLL, B8y = 28 XHE Av, = 350 km s~ 115 )72 [ 45t LA S PR 68 K =2 2
TR AR S AT = A i e sk, JF B A 76 3 B R R s AL 4] BRI Rl
W) 3 A AN BE 56 4% IR L i 22 5 2 N BT I AL, (B5 R R AR A R0, THE TR AL
IR B S Ut ) BT R AR, 212 e 08 ) 2 i B A R AN R A P A 5
M B g — AN F 4R R 29 320,

I JE R AR S, 2 O R BUE A T R, F TR0 I 2 1) P b i FH IR 7 1%
#2FOF (Friend-of Friend )5 £PBIAISO (Spherical Overdensity) 57420, fEAR TAEH, 3
153 M A g 2 A il i SO BRI A, 1 WL OCHR[32).
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RIUFR. WTLUES], Nz = 2.08]z = 0.0, B T ML, 1208 H Al i,
X FIACDMAE AL OSTFT F0M 1 485 R — . Bbdh, MR IRATE W] LUK I, 7E3AN LR A,
CSFREAUAT 215 240 H A GO T DMOBL, 1 AGNREIUT 21 (¥ 15 22 850 H ORI . X
VL E YA R W RN 1S AR E R IS B R AR AL PRI .

1 3MIEIE2 = [2.0,1.0,0.0) 8BRS EHE

Table 1 The number of dark matter halos in three simulations at z = [2.0,1.0,0.0]

Simulation z=0.0 2z=10 2z=2.0

DMO 164839 135783 40750
CSF 162150 141394 63004
AGN 206687 193687 90866

BEAN, FEIR— LR AL, 3P R BAT A RDRL 7 (90 5 ) IO IG5, FOMILECRE M) %2 £
A TAE AR, AL (02 BA M DR T (965 ) o FL K T60% MV S S P ot 2=, He &5 R 4
RPN, ASCRAT ] IX L VL RO M 2, SRAT 7T 51 W O s SRR A 5l R (2.

*2 EEBYREEz =[2.0,1.0,0.088%E
Table 2 The number of matching dark matter halos at z = [2.0,1.0, 0.0]

Redshift z2=0.0 2=10 2z=2.0

Number 52413 35631 6531

3.2 WERENH

I 1 5 2 PR B T AR R P R EE Y, e ] DU RS A o R R = R A
i, FEARTAE, FATEH A2 s 4 L& AR10 o Moo, BARGR P & F IR A
B P 2005 BIERTE X3RN F R f. [FIBSS, BRI X3 A2 g 2 (0 4 BL P42, A1 Araoo.

WELFTR, FATE B 73RBS 2 /0 VT AR Y0 R &= 43 HIAE L0 F52 = [2.0,1.0,0.0]
AbH BT B A AR, SRR IRDMOB, 4R R CSFAA, mARRAGNEAL. H
hE W, a0 NRELE2 =0.0. 2 =1.0. z = 2.00H4 5. B4, 3R
HHE 7R /N o I A H B KT KRR A H . R, W42 = 2.08]z = 0.0,
BE & AL, KRR EAH PR 2. XA 45 3R W R0 I S 0 52 1T e 2 /b
JR R IR0 IR AT R, 5 ACDMAER A F — 53],

BAVETT LLE H, 3P0 [F) AR SO0 K 4 o s 2 i A A AFE — e R ZE 0. w1 %, 1
LL#z = [2.0,1.0,0.0)4k, CSFALILAT 21 /N i 2 1 % 150 H 48 Z R 7 2 T DMOBLH
RENRIECH ) T RO AL 45 SR B O Y N BB I, (HCSFALHE b, HK,
TESAN LA b, AGNEEIUAT B 1) s 22 50 H 76 /N i & vy &6 B 2 2 T CSFAIDMORE L. 5
&, AGNBLILAT 2 1 IS 52 0 52 70 A 75 58 K0 V0 il N B AR 22/ T CSFRIDMOBE . 31X
MFIEEL R 2 = 2,040 I NI, %20 A AGNE LS 31 (1) K 5 B =40 H 0 2> T
CSFHDMOMEL. LU g5 R0, & 79 LB 7 2 (e gk s 2 (R T i, EYS B2
FAZ IR ek T K5 3 R Y I = T R, H A AR s ) S B 2 T A A
&5 3, sCER[4T).

65-5



62 & X X %= K 6

10° :
S — DMO 2=00
e — DMO:-=10
— DMO2=2.0
10 | - - CSF 2=00 |
""" - -- CSF z=10
-- CSF 2=20
S TN T, RN e AGN z=0.0
- 10 Foo N N e, N e AGN z=1.0 E
g ----- AGN 2=2.0
o
@)
10% }
10"}
10° - - - - s
11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0

~1
lg (MQOO/h M@)
1 3PS UCECRE Y B = B A0 A, H B, e, aasiE D2 =0.00 2 =1.0. z = 2.0.

Fig.1 The mass distributions of matching dark matter halos in three simulations, black, blue and red
indicate the results at z = 0.0, z = 1.0, z = 2.0.
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—HAETRSHLS. QIR JC NI R 2 1.

PR IER: B YR MNAESEREN 4B RHEEAER, X5ET
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e 2 SRS SR, BTSSR R R R Z0E S TR R e R I T E TR,
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= JEARAR [ AT — s $ A F ) S A
3.3.1 IR

JERT T TR B, B = AR 5 G = R B AR — AR BT KR B = S
AR T /0 o 2 I 2 2 5 e, 0 o = AH IR U5 B o ) S . B3R T AN
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MEFE 2 = 2.08z = 0.0, FEAE T8 (I, BT A 5 E 2 RS 8T A2 3. (R

65-6



62 % SREERESE: B Y BN T S TR A A SR R 6 34

A0 R, SURRMIRE T BN O R T 2 50 R, 44 TR 2 B R i —
5. T8 S FL B 5 35T Tilustris SR (K51 97 45 00 45 51— 50000 g F i F
10125 M U5, B B8 A8 00, LML/, BV ST R AL o1 T K W T
IR TG 2 50

00 800!

5 DMO = DMO
7000t | = CSF

500 0 AGN
6000}

4000| 5000

g
2 3000 4000
&)

2000 3000]

2000]

1001

4 05 06 07 08 09 L 0.7
S

350! 350

59 DMO
3000¢ |7 CSF
0 AGN

3000

2500 2500f

‘E' 2000] 2000f

o
Q 150 150¢

100 100¢

50 500}

405 06 07 08 09 1.0 8.4 0.5 06
S

70 0 0 0
5 DMO 8 DMO 5 DMO 8 DMO
600t | CSF 50! 0 CSF 0 CSF
00 AGN 0 AGN 0 AGN

50

400f| = AGN

50

400 400
2 400 300)
g 300 300

2=2.0

o

O 300 200,
200 200
200
10 1o

10(

g

10(

§

85 02 04 06 08 10 80 01 02 03 04 05 06

T e

405 06 07 08 09 1.0

4 05 06 (197 0.8 09 1.0
B 2 SRR RS EU M, BFES (BB171). Q (BE2%1). T (E83%1). e ((84%31). N\ LEIT, f—47K UL
#z=0.0. z=1.0. z=2.0.

Fig.2 The distributions of shape parameters, including S (1st column), Q (2nd column), T' (3rd column),

e (4th column). From top to bottom, three simulations are at z = 0.0, z = 1.0, and z = 2.0, respectively.

HiR, M2 FEz = 2.08z = 0.0, XI T FrA BN E, 7] VR HE YA 2R
[5A]iak F5 r F S R L IR, 6T TR o ), CSFRLAUAS 3 1 = LEDMO
B B BE R, 245 R B L HY SRR A8 B A it &= 1 2= = 4B TR AR 1R
SR IE A0 g T MustristBEPL 30 FOF 72, 5 AW 9 BUBHUAE bh, o\ 3 4 3 o 2 )
P15 2 () BT A ot 2 (1) I = T AR S B S QI A B iy 1720%, BRSE &L [RIFE ), % T
Jr A o B I =, IS B B RAZ B HLEI G, W2 0 TR AR [ 35 52 31— s #0 ], RO 5E
. ©A BT OWLS (OverWhelmingly Large Simulations) (4 I 7 tH 2 20 H — 2
frgh 231 AN B D T RERS B 5 PO IR FE R R 1 AR & (R B &= O
BB E TR E L), AT FRK 1 3 02 R B 52
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Fig.3 Mass dependence of the median shape parameters, including S (1st column), @ (2nd column), T'
(3rd column), e (4th column). From top to bottom, three simulations are at z = 0.0, z = 1.0, and z = 2.0,

respectively.

3.3.2 FARUH

Kl4fE R T A AR h 3Fh Bl B Ath b s RS E(BFES. Qv T o)Ay
FRIKBER R, BREARPLBLL. H, Nz = 2.08]2 = 0.0, BEE T L,
B TEARIZHT B AR [ A I A AR AL B TR AR T A AR AL B TR T 35 2 5 i,
INTERSEHI I M X . ZEWREZRERE B RAE - ERMHR KRR, )
Ab, FERE 2 AR AL, CSFAALLAS 3 i) i 2 EE DMORSNAS 3 (1) B8 5], 17 .32 [R5
SR T H., E YO I BT AR A B TR AR BT — 2 B HEE . B, FERG
RITA AR AL, IMNTESh 2 R GHLE G, BRI AR B i e 2 21 7 — 52 B3l ) f
H AT 5 . A FA Ilustris 405 4 JSURE LA (R 7043 21 T 55 4 SOAH R g 45 SR80,
R MG B 11 A0 B 2 HL AR Ak, IS 2= I TR T B [ A8 . 25 T MBIT (MassiveBlack-11,
BFEZAHE R PSR R R S 1E R T il RRIRWRRURT B 45t 5 v 20N RO #2485
TARE) T3 A5 AU ) R B AR L i 45 AR B IPS: 7E 5 S B AL, I
F = Y TR 8 S R, IR A ST 45 SR — 3. AR, IR se g5 R 5 ol ) — TR T
EAGLE (Evolution and Assembly of Galaxies and their Environments)# Ul {1 7t 45
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Fig.4 Radius dependence of the median shape parameters, including S (1st column), @ (2nd column), T
(3rd column), e (4th column). From top to bottom, three simulations are at z = 0.0, z = 1.0, and z = 2.0,

respectively.

WATERS], Fl &Mz = 2.08]2 = 0.0, B T8 FEL, BEAGNIIZELEX
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Fig.5 The distributions of spin parameter A\’ (r/7r200 = 1.0) in three simulations at z = 0.0, z = 1.0, and

z = 2.0 (thin line), respectively, including their log-normal distribution fitting curves (thick line).
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Fig.6 Mass dependence of the spin parameter A\’ in three simulations
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Fig.7 Radius dependence of the spin parameter A’ in three simulations
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Fig.8 The PDF of the principal axis angles (0) of the dark matter halos from any two of the three sets of

simulations at z = 0.0, z = 1.0, and z = 2.0, respectively. The dashed line indicates random distribution,
i.e., PDF = 1.0.
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The Effects of Baryons on the Shapes and Angular
Momentum of Dark Matter Halos

ZHANG Yao-yao’?  DAI Cai-ping!3

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 School of Astronomy and Space Science, University of Science and Technology of China,
Hefei 230026)
(8 National Basic Discipline Public Science Data Center, Beijing 100190)

AsstracTt Adopting the data of high-precision and large-sample A cold dark matter
(ACDM) cosmological simulations, the effects of baryonic processes on the shapes and
angular momentum of dark matter (DM) halos have been investigated. Here, the data
of three numerical simulations at three different redshifts were used, i.e., dark matter
only (DMO), radiative cooling, star formation, and kinetic supernovae feedback (CSF),
and CSF simulation accompanying with active galactic nucleus (AGN) feedback. The
baryonic processes can influence the halo mass function, especially in the presence of
AGN feedback. However, the feedback of AGN reduces the formation of massive DM
halos. As the Universe evolves, the spatial shapes of DM halos are gradually from flat
to round. The baryonic processes accelerate this process as well as make DM halos
more rounded, while the AGN feedback suppresses this acceleration, and this effect of
baryonic processes is dependent on both the masses and radii of DM halos. The smaller
masses of DM halos, the more significant effect of baryons will occur. Meanwhile, the
baryonic processes contribute to the rounding process for any masses or radii of DM
halos, although the AGN feedback will suppress this facilitation. In particular, the
effect of baryons is particularly pronounced for the DM halos having radii at 0.2-0.6
times the virial radius. Besides, the baryonic processes have an effect on the angular
momentum of DM halos, e.g., increases the angular momentum. The spin parameter
does not depend on the mass but has a certain correlation with the radius of the DM
halo.

Key words galaxies: halos, dark matter (DM), large-scale structure of universe, meth-
ods: numerical, methods: statistical
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