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^ SPH ê��[5ïÄ(X�/¤�üzl�� 20 ccÒm©
§@Ï�k°ó��

)©z [3–8] �"ù
ó�§ëÓ����X�ó�§¦<�éNõUNÔny�k
�Ð�

n)�@£§~Xµ(X�p�^!a(NáÂ�XÚ!(Xm0�Ú(Xì/+¥0�"

�ù
@Ï��.éð(/¤9�"�£ã�3éõ�¯K§é¹Ä(XØ (AGN)!̂

|!�»��ÚzÆ¤©üz!9D��y�½L§�£ã�Ø�õ"Cc5§36Nê�

�[p¡éù
Ôn�¢�k
é��uÐ"�©Ò±ð(/¤!(Xº�"!AGN�"Ú

9D��~§0� SPH ê��[�~^�.9äN�¢��{"

�©(�SüXeµÄk31 2 Ù0� SPH �[�Ä��nÚÄ��§§,�31 3

Ù©O0� SPH ê��[¥~^�­fÔn�.9äN�¢��{§��31 4 Ù�Ñ

o("

2 SPH �Ä��nÚÄ��§

2.1 Ä��n

¢S�6NdÃê6N�|¤§XJ·��3 SPH ¥^âf5�O6N�§@o7L

��
Cq"·�À�Ù¥N �6N�dâf5L«§
b�¤À�âf��þ�Ý�'u

6N��þ�Ý"@oXJXÚ�â6NÄåÆ½Æüz§6N�Ý�±lÛÜâf�Ý�

���"

Ï�âfê8k�§¤±6N�Ý9Ù¦ÚOþ�3���"�NÈSO�¶Ïdég

,/I�Ú?²w�L§"?�Ôn|A(r)§X�Ý!�Ý�§Ñ�±dXeúªO���µ

〈A(r)〉 =

∫

A(r′)W (r − r′, h)dr′, (1)

W ´^±²w�Ø (½Ó+)§h ´²w�Ý§̂ ±(½NÈ���§��È©´3��m?

1�"W �l8�z^�
∫

W (r, h) = 1§l
3 h → 0 �÷v 〈A(r)〉 → A(r)"ã 1 (5g

©z [4]) �Ù/w«
ù�ã�"

3ê�O�¥úª (1) �Cq�¤¦Ú/ªµ

〈A(r)〉 =

N
∑

j=1

mj
A(rj)

ρ(rj)
W (r − rj , h), (2)

XJz�6N���þ´mj§K r ?��Ý�µ

〈ρ(r)〉 =

N
∑

j=1

mjW (r − rj , h). (3)

Ïd§̂ lÑ:?�¼êÏL²w��ª��ïÑ6N?¿?�²þþ"Ó�/§3W ��

��¹e§¼ê�FÝ��±?1²w§�Ò´`§6N?¿?�FÝÑ�ÏLÛÜâf�
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ã 1 ²w�{�ã)"ØÓâf (çÚ�:) é x ?��z��âg����Ó+ (��) 3 x ��¦

�"2hj �LÓ+Ø�"���*Ð��"

FÝ5¼�"Kk

〈▽A(r)〉 =

∫

▽A(r′)W (r − r′, h)dr′, (4)

aquúª (2)§3k�âf��¹e§È©/ª�FÝL�ª�ª��¤Xe�lÑ/ªµ

〈▽A(r)〉 =

N
∑

j=1

mj

A(rj)

ρ(rj)
▽W (r − rj , h). (5)

�Ò´`§Ônþ�FÝ�d²wØ�FÝ��"Ó�/§p��ê��±aq��"

��/§3 r → 0 �W (r) ¬é¯þ,����§l
3 h → 0 �ªCu δ ¼ê§�Ò

´`§

lim
h→0

W (r − r′, h) = δ(r − r′). (6)

3�@�O�¥§©z [2] ^�´pdÓ+§3���¹e§

W (x, h) =
1

h
√

π

exp(−x2/h2). (7)

,	�«é~^�´¥é¡��^Ó+
[10]

:

W (r, h) =
8

πh2











1 − 6(r/h)2 + 6(r/h)3, 0 ≤ r/h ≤ 1/2

2(1 − r/h)3, 1/2 < r/h ≤ 1

0, r/h > 1

(8)
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3ù«�¹e§�,úª (1) ´3��mÈ©§��k�»h ±S�:éO�ÚOþk�z"

§këY���Ú���ê"

²w�Ý h û½
ÛÜ�m©EÇ"3c¡0��Ä��n¥§hé¤k�âfÑ´�

��"�ÛÜÚO6Äd h ±S�âfêû½§3âf�Ý��/�éÚOþ��OÒ¬�

°(§
âfê�$�«�K°(Ýü$"�
U
²�|^¤k�âf©Ù§Ó���


UJpO��Ç§k7�¦²wÔnþ36N¥�?�:��Ó��°Ý"Ïd§3¢S�

�[¥��Ñæ^�C� h"

2.2 Ä��§

�»¥�­fíN�±�[¤n�íN§�l�þ!Äþ9UþÅðÆ"

$^c¡ùã�Ä��n§·��±�Ñ²w/ª�6NÄåÆÅðÆ�§§¿òÙ�

�âf�$Ä�§"XJ�Ý´Uìúª (3) O��§@§ògÄ÷vëY5�§"âf3

��m�üzdî.�§�Ñµ

dvi

dt
= − 1

ρi

▽Pi − ▽Φi + avisc
i , (9)

Ù¥ Φi ´Úå³§Pi ´Ør§avisc
i ´<�\�Ê¢�±#N-Å��3"

�
�yÄþÚ�ÄþÅð§Nõ�ö
[9, 11, 12, 72]

òØr���é¡�/ªµ

− ▽Pi

ρi

+ avisc
i = −

∑

j

mj(
Pi

ρi
2

+
Pj

ρj
2

+ Πij)▽iW ij , (10)

Ù¥ Π �LÊ¢éØrFÝ��z"�éuØrFÝ�¤êÆ²þ�é¡/ª§Hernquist

Ú Katz
[4]

JÑ
�«AÛ²þ�/ªµ

− ▽Pi

ρi

+ avisc
i = −

∑

j

mj(2

√

PiPj

ρiρj

+ Πij)▽iW ij , (11)

ù«/ª�Nõ<æ^ (~X©z [12–16])"

SU�§§�Ò´ü �þSU�CzÇ�

dui

dt
=

1

2

∑

j

mj(2

√

PiPj

ρiρj

+ Πij)vij · ▽iW ij −
Li

ρi

. (12)

ù�Ò´9åÆ1�½Æ"Li £ãduË�e%½\9
Úå�UþCz"ùpÓ��¤


AÛ²þ�é¡¦Ú/ª"

�����§´n�íN÷vG��§µ

P = (γ − 1)ρu, (13)

γ ´ý9�ê§éuü�fn�íN γ = 5/3"
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3 SPH ¥�­fÔn

ù�Ù±ð(/¤!(Xº�"!AGN�"Ú9D��~§0� SPH ê��[p�~

^�.9¢�"
^|!�»��ÚzÆ¤©üz��´3�»��'ºÝ�)­�K��

ÔnÅ�§3ùpÒØ��[0�"

3.1 ð(/¤

l1��nÑu�[ð(/¤Ú AGN ¹Ä§3yk��»Æê��[¥EÃ{��"

Äk§�äN£ã(X¥�ð(/¤(�§�VI� 1012 M⊙ ��þ��§
éu£ã(X

¥
�çÉ§¤IÄåÆ��´ 1010 M⊙; y3�ê��[��Ø�Xdp�°Ý"Ùg§·

�y3éð(/¤Ú�"9AGN ¹ÄE�/¤���nØ§Nõ­�ÔnL§E�éÐ/

n)"¤±§=¦y3�ê��[kv
�ÄåÆ��5©E(XºÝþ�ð(/¤ÚçÉ§

éù
L§�£ãEI/Ïu�ºÝþ�²þþ5?1ëêz"ù
�Ï¦�·�æ^æ©

EÇ��{5�[ù
L§§�Ñ�ºÝþäN�ÔnL§§
�3U©E�ºÝþ�AÑ

��ª³"ùÙ¥���~f5gu Springel Ú Hernquist
[17]

�Ñ�æ©EÇõ�ð(/¤

�."ù��.´ SPH �»Æê��[¥��2�^�ð(/¤�."

3ù��.p§(S0��¹e�Ú9íNü��"ð(3e�¥/¤§
ù
e�K

©Ùu9íN�¥"íN3K��Ý ρth �þ�¬É9Ø­½5�K�/¤ü�0�"XJ

�¦9Ø­½5��å�^ÒC�ék�§KI�e%¼ê3ù��Ý¤éA�§Ý?m©

eü§ù�§Ý�� 105K"ü�íN9ð(�m�UþÚ�þ��d±eL§5�¤µð(

/¤!�#(�"!9D�Úå�e��uÚË�e%���e�O�"e�Ú9���þ

O�Ç©O�µ
dρc

dt
= −ρc

t∗
− Aβ

ρc

t∗
+

1 − f

uh − uc

Λ(ρh, uh), (14)

dρh

dt
= β

ρc

t∗
+ Aβ

ρc

t∗
− 1 − f

uh − uc

Λ(ρh, uh), (15)

ρc Ú ρh ©O´e9�íN��Ý§t∗ ´ð(/¤�A��I§A ^±½þe���u§β

´=z¤�#(��þ'~ (éu Salpeter Ð©�þ¼ê§β ≈ 0.1)§uc Ú uh ©O´ü�í

N�'U§ëê f ^±I�e%�5�§f = 1 L«ÊÏe%§
 f = 0 L«9Ø­½5å

�^§Λ(ρh, uh) ´e%¼ê"�Òm>1��£ãð(/¤Ú�#(�"§1��´e��

u§1n�´e%"

e�íN�b�?u�½§Ý 103K§
9��§Ýüzde¡�ªf�Ñ:

ρh
dρh

dt
= β

ρc

t∗
(uSN + uc − uh) − Aβ

ρc

t∗
(uh − uc) − fΛ(ρh, uh), (16)

Ù¥ uSN d β Ú�#(¤º�Uþû½"

íN�k�G��§�§

Peff = (γ − 1)(ρhuh + ρcuc). (17)
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ã 2 ��ð(/¤�íN�¥ü ¡È�ð(/¤Ç��íN¡�Ý�¼ê"R�´*ÿ��ð(/¤

�ä"��J�´*ÿ�� kennicutt 'X¶��¢�´ t0
∗ = 2.1 Ga§́ �.��`[Ü(J¶


Ù¦ü^��:J�©O´ t0
∗ = 8.4Ga Ú t0

∗ = 0.53Ga§��ð(/¤Çé t0
∗ é¯a"

­½�ð(/¤�¦k�ØØ��mUC§dPeff/dt = 0§dd��e�íNÚ9�íN�g

¤Ó'~"

ù��.¥���é­��ëê´K��Ý?ð(/¤�A��I t0
∗"ÙÏL[Ü*

ÿ�Ñ� Kennicutt 'X
[18]


��§Xã 2 (5g©z [17]) ¤«"

3 SPH ê��[�äN¢�¥§�Iò¤�9�§¥�ÔnþlÑz§~X§3�mÚ

�∆t ¥�þ�∆msf �e�/¤ð(§Kª (15) ��¤9íN�O\þ

∆mh = β(A + 1)∆msf − Λ

uh − uc

mh

ρh

∆t. (18)

duð(/¤ue�¥§íN�ð(Ô�ÍÜ3�å§ù´�Ôn�§¤±I�òð(Ô�

©lÑ5"�«�{´�ð(Ô�\O��½þ§X�uíN�þ�§òð(l SPH âf¥

©lÑ5¤�üÕ�ð(âf"�ð(�íNEk6��ÍÜ§ù¬�5�
ÄåÆ�A"

¤±,�«�{§�´�`��{Ò´Ø²(���þ�=z§
´�Åò��ð(/¤í

Nâf� 1/Ng(~XÀ� Ng = 2) =z¤ð(âf§Ó�¦Ï"��ð(/¤Ç�±��"

ù�QU;�ð(�íNÍÜ�5��A§qU!�S���m"

ù«æ©EÇ�ð(/¤�.�±¼�é��ÄåÆ��§�,´{z��.§�´ï

á3®�Ôná5�Ä:þ§X(S0�õ�(�!ð(/¤Ç�¡�Ý'X�",
§ù

«�.��3�½�(J§~X§¤�â�²�'X (Kennicutt 'X�) ´dïÄNC�»

¥����þ½ð(/¤(X���§®k*ÿL²$¡�Ý(X�ð(/¤�íN�Ý'
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Xk�UØÓ (~X�©z [19, 20])"�Xé©f�Úð(/¤(X��õ*ÿïÄ�Ñy§

±9O�Uå�Jp§¦�36Nê��[p¡éð(/¤?1�E,�£ã¤��U§~

X Gnedin �<
[21]

3 2009 c�Ñ
��£ã�»Æê��[p©f��/¤�.§§�¹


�Dþ©f���²ï/¤L§§±9©f�éb	Ë��g¶-Ú5g�D�¶-"

3.2 (Xº�"

��þð(Ú�u��#(òUþÚÔ�5\�±��(X0�¥§l
éð(/¤Ú

(Xüz�)­�K�"ù
º��UþU
\9±��eíN
³�ð(/¤§cÙ3k

(��)�¬º��þ�Uþ/¤(Xº§�±ò�þ�íNNÑ(X (XJ(XÚå³v


�§ù
íN�ò£á�(X)"=¦3vk(���¹e§3ð(/¤«��L¡§�#

(�)�9í��¬ò9íNN\(X'¥/¤(Xº
[22]

"ù��"�¡�ð(/¤�"§

��¡�(Xº�"½ö�#(�""

,
§(Xº3��þ(XÚ�#(±��äN�)L§E,´���"��¡§±�

�íN�>l§�)�9íN3	6�L§¥��XeíN¶,��¡§Ë�Ø����Ô

��)�Äþ�^u�DÔ�§
eíN´��DÍÜ3�å�"·��Ø�Ù=«Å�3

	6��)¥ÓÌ�"�=¦·�éù
nØ
)�é�Ù§y3�vkv
��©EÇ5

äN/�[ù
ÔnL§"

Springel Ú Hernquist
[17]

2003 c�Ñ�(Xº�.´��2�¦^�ÄU�"�.�

�"3ù��.¥§(X?\(Xºp��þ6�Ç�ð(/¤Ç¤�'§�Ò´

Ṁw = ηṀ∗, (19)

Ù¥§Ṁ∗ ´�Æ·ð( (Ø�)é¯C¤�#(k��ð() �/¤Ç§
'~Xê η ��

�¡��þC1Ïf"

b��#(Uþ¥k���½�'~ χ �5\�(Xº¥§(Xº��Ý vw ��âÄ

U�u�#(Ñ\�Uþ¦Ñ§
1

2
Ṁwv2

w = χǫSNṀ∗, (20)

ǫSN = 4 × 1041 J · M⊙
−1
§́ ²þz/¤ü ���þ��Æ·ð(¤Uº���#(Uþ"

�âMartin
[23]

1999 c�*ÿ§¦�æ^ η = 2§� χ = 1 �§(Xº��Ý����k��

Ý vw = 484 km/s§�Ò´`�#(Uþ�Ü=z¤ÄU"

Ï�"yv
��m©EÇ§3ê��[�¢�¥¦�æ^
�«����{"Óþ�

�!¥�)ð(âf��{aq§?\(Xº�íNâf�´�Å�)�"(Xºâf��

)�I�±^�ê©Ù5L«"3,��mÚ� ∆t L§¥§l [0§1] «m�þ!©Ù¥�

Å��§XJ¤��Åê�u

pw = 1 − exp[−η(1 − β)x∆t

t∗
], (21)

@o¤�Ä�íNâfÒ\\�(Xºp"x´íN�¥eíN�'~§1− β ´¤/¤ð

(¥�Æ·ð(�'~§t∗ ´ð(/¤�A��I"Ïd§
t∗

(1 − β)x
Ò´�Æ·ð(�/¤
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�I§

t∗

η(1 − β)x
Ò´(Xº/¤��I§�Ò´þ¡\È�ê©Ù�Ï"���ê"Ó

�Tâf��Ý��?U

v′ = v + vw × n, (22)

Ù¥ n �����Ó5�ü �þ§��±�� v ×∇Φ(Φ ´Úå³)"XJ´��(X�§

@1�«�/L²íNÌ�÷X��^=¶��6Ñ¶
éu1�«�/§íN	6��´

��Ó5�§�Ï�÷X��R����íN�N´6Ñ§¤±¢Sþ	6��E,÷X�

�^=¶"

þ¡��.´b��"Uþ�Ü=z�íN�ÄU§
,	�
�öK@�Äþ (5g

uð(/¤Ú�#(�Ë�ØÚ��Ô�)°¦��"Å�ÓÌ��^§~XOppenheimer

Ú Dave
[24]

3 2008 c�ó�"¦�3ê��[pæ^��.5guMurray �<
[25]

�ó

�"3ù��.¥§ü�Ì�ëþ η Ú vw de¡�ü�úª�Ñµ

vw = 3σ
√

fL − 1, (23)

η = σ0/σ. (24)

Ù¥ fL ´±O¶î1Ý�ü �1ÝÏf§�âRupke �<
[26]

3 2005 c�*ÿ§fL 3

1.05 Ú 2 �m§¦�3ê��[¥lù�«m��S�Å��¶σ0 = 150 ´�þC1Ïf η

�8�zÏf§́ �âpù£(Xm0��7á´Ý�Ñ���¶σ ´(X��Ý�ÑÝ§

�â ånØd(X�þ¦�
[27]

"

ÃØ´ÄU�"�.�´Äþ°¦��"�.§Ñ3y3�6Nê��[¥��2��

A^",
§8c·��vk�{½Ø(Xº�"�äNÅ�§ùk�u�5�õ�*ÿÚ

ïÄ"

3.3 AGN �"

���þ (106 ∼ 109 M⊙) çÉÊH�3u��þ(X�¥%"§��5��MÌ(X

�Ø¥ð(�þ
[28–30]

ÚØ¥��Ý�ÑÝ
[31–33]

;��'"ùL²(X�çÉp�K�*

d�/¤Úüz"éù��Óüz�ïÄ©u(X/¤��)Û�.¥§Äu*ÿ§ù
�

.b�LíN(X�Ì¿Ü>ua(N�¹Ä
[34–37]

"Cc5§�)Û�.m©ò��þV'

¥ AGN ��"�¹?5§±Ï)º1Ý¼ê��à�ä
[38–43]

"

�Ð§�
�ö
[44, 45, 56]

�é�á�¿Ü(X¥�AGN �"?1
�["�5m©Ñ

y�»Æ�ê��[§~X§Sijacki�<
[46]

Ú Di Matteo �<
[47]

éçÉ�O�Ú�"?

1
�»Æ� SPH ê��[§ùü�©ÙÑb�
��Ó�/ª�/a(N�ª0�"§�

Sijacki �<��¹
L(Xì¥%�/�>�ª0�AGN �""e¡Ò± Sijacki �<��

{�~éd��0�"

çÉdÃ-Eâf£ã§ÏLáÈ±��íN½öÓÙ¦çÉ¿Ü
O�"íNáÈÇ

d Bondi-Hoyle-Lyttleton úª
[48–50]

£ã:

ṀBH =
4πG2MBH

2ρ

(cs
2 + v2)3/2

, (25)
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Ù¥ ρ Ú cs ©O´(S0�íN��ÝÚ(�§MBH ´çÉ�þ§v ´çÉ�éu±�í

N�$Ä�Ý"çÉáÈÇÉ���áÈÇ—— O¶îáÈÇ Ṁedd ���"ÉnØuÐÚ

*ÿyâ
[40, 51–54]

�éu§AGN �"�©�ü«�ª"3páÈÇ�§AGN �"5gua

(N�¹Ä"3ù«�¹e§çÉ�áÈ�Çép§l
Úu
p1Ý�a(N¹Ä§a(

N��Ü©91Ý Lr ±9U�/ªÍÜ�±�íNþ§b�ù�'~� ǫf§KUþ��"

Ç�

Ėfeed = ǫfLr = ǫfǫrṀBHc2, (26)

ǫr ´Ë��Ç§Ë�k��¹e�Cq�� 0.1
[55]

"

ù«�ª��"�uyU
2y*ÿ��çÉ�MÌ(X�m�Ä�'X§XMBH–σ

'X
[56]

§ù� ǫf = 0.05¶Ó�§�Jø
éôÚ(�'Xã¥7(X�ù(X�m�mY

�)º
[45]

"

páÈÇ�/��u)3pù£§3@��ÿ(XL¹íN§�¿ÜÇép"ù«�ª

��"¤�/a(N�ª0"�XV'�þ�O\ÚeíN�~�§çÉáÈÇ~�§¤±Ë

��Çü$"�áÈÇ$u 0.01Ėfeed �§,�«�ª��"—— �>�ªm©å�^"3

ù«�¹e§AGN�)�6§
�63±�íN¥�)9í�"í�UþEbub �çÉ¤O

���þ δMBH �'µ

Ebub = ǫmǫrc
2δMBH, (27)

ǫm ´åÆ/ª�\9�Ç"

'uþãúª3ê��[¥�¢��é{ü§3dØKã"

8c§ù«�#ª�AGN �"Uk�~��(X�ê8§ïá1Ý – §Ý'X
[57]

Ú

MBH–σ 'X
[56]

"

3.4 9D�

9D�Q�JÑ��(Xì¥%��«\9Å�§5-�íN�Lõe%"Ï�(Xì

¥% (� 10 ∼ 50kpc) ?'Ù¦Ü©e§ù¦�<��Ä5gu	¡9«��9D�k�U

¬\9¥%«� (~X©z [58–64])"Zakamska Ú Narayan
[65]

b�ì¥9íN?u6N·

åÆ²ï§Ë�e%Ú9D�?u9²ï"b�9D�Ç κ �� 30%Spitzer D�Ç κsp(Ã

^|��âfN¥�9D�Ç)§¦�¤õ[Ü
*ÿ�� 5 �(Xì�>f�ÝÚ§Ý�

»�Ó+",
§̂ |��3¬r�³�R�u^|���D�"3kS�^|¥9D�´

��É5�§Ï�>f$Ä�åP3÷^|��"XJ(Xì¥�^|´Å��§Kk�D

�Çòü� κeff ≈ κsp/100
[66–68]

¶�3ëÄ�(Xì0�¥§XJ^|3�X�6ÄºÝþÑ

?u·bG�§Kk�U�±pD�Ç κturb ≈ κsp/3
[69]

"

Jubelgas �<
[70]

3 SPH ¥Ú?
é�lfN9D���["3ùp�{ü0�"9D

�´d§Ý�FÝÚå�§ÛÜ96�£ã� j = −κ▽T§(ÜUþÅð�§ ρ
du

dt
= −▽ · j§

·���9D��§�
du

dt
=

1

ρ
▽ · κ▽T. (28)
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2òþª?1 SPH lÑz�N´��ü�¯Kµ(1)���ê��3N´�)é�DÑ;(2)

3dDÑ¤Úå�é�FÝ�§é�m�wªÈ©N´��Ø­½È©"Ïd§�Ð��{

´ò.Ê.d�f�lÑz/ª�^²wÓ+����©5L«§ù��{d©z [71, 72]

�Ñ"�ªª (28) ��¤

dui

dt
=

∑

j

mj

ρiρj

(κj + κi)(Tj − Ti)

|xij |2
xij▽iWij , (29)

Ù¥ κij ´D�Ç�é¡z/ª§

κij =
κiκj

κi + κj

. (30)

�X��ÿÁy²
ù��{�O(���"

Dolag �<
[73]

3 2004 c^�¹
9D��6Nê��[w«§¦+9D�éL(Xì

¥0��5��)­�K�§�§g�Ø�UÕg)ûLÝe%�¯K§½)º*ÿ��(

Xì0��5��ê��[¥��É"

4 o (

�©±ð(/¤!(Xº�"!AGN�"Ú9D��~§0�
²w6NÄåÆê��

[¥�­fÔn9¢��{"ù
�.3�½§ÝþÑ��
¤õ§é<��Ð/n)(X

�/¤Úüzå�
r?�^",
§�u·�éù
ÔnÅ��n)§ù
�.Ñ��v
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Baryonic Physics in Cosmological Smoothed Particle

Hydrodynamics Simulations

JIANG Chun-yan

(Key Laboratory for Research in Galaxies and Cosmology, Shanghai Astronomical Observatory, Chinese

Academy of Sciences, Shanghai 200030, China)

Abstract: The smoothed particle hydrodynamics (SPH) simulation is a powerful tool in

studying galaxy formation and evolution. In this review, standard formulation of SPH

is summarized. And then the implementation of baryonic physics in cosmological SPH

simulations are illustrated, including star formation, galactic wind feedback, AGN feedback,

and thermal conduction.

During the past years, much progress has been made on improving the physical modeling

in hydrodynamical simulations, by invoking more sophisticated treatments of star formation,

supernovae feedback, AGN feedback and so on. The implementation of these baryonic

physics in SPH simulations has helped us a lot in understanding how galaxies form and

evolve in the universe. However, due to our limited knowledge of these baryonic physics,

these models are still far from being perfect. Many further studies are therefore needed in

future to improve these physical modeling in simulations.

Key words: SPH simulation; baryonic physics; stellar evolution


