
1 31 ò 1 6 Ï

2007 c 6 �

p U Ô n � Ø Ô n
HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS

Vol. 31, No. 6

Jun., 2007

�6XÚ���Uþ��érfÌØ$�K� *

�¡À ÜÇ¥ ���
1)

(u¥���ÆâfÔnïÄ¤ ÉÇ 430079)

Á� Äu�6þfÚÄåÆ (pQCD)�Ü©f�., 3+Þ� (LO)Cqe©OO�
�f–�f

(p+p)-E, Au+AuÚCu+CuØÓé%Ý-E�)π
0�rfÌÚ�A�Ø?�ÏfRAA. 3�ÄÜ

©f�5Uþ�� (=�5|»)�A��nØO�L², ��Ó�%XUþ
√

s=200GeV�p+p-E

�', Au+Au½Cu+CuØÓé%Ý-E�)�rfÌ�Ø$, �Ø$�§Ý��6XÚ���Uþ

��kr��'X. XÚ��, Ü©f�5�Uþ����, ��rfÌ�Ø$��õ, RAA ��. nØ

O��ê�(JÚ¢�êâ�ÎÜ, `²Uþ��Å����5Úý¢5.

'�c lf-E �5|» rfÌ Ø?�Ïf §��f�lfN

1 Úó

¢�þïÄp§p��ØÔ�±9Ïé§��

f�lfN (QGP)
[1, 2]

�k���{´ÏL�éØ

5lf-E5¢y�. Cc5, ÏLAGS, SPS±

9RHIC¢�, <�®²È\
�þ´L�¢�ê

â
[3—5]

. ÏLé¢�êâ©ÛÚïÄ, k,�L²

rÍÜ�QGPù�Ô�/�®²3RHIC¢�¥/

¤
[6]

. ýO32007c, ò3CERNï¤��.rfé

EÅ(LHC), Ù�%XUþ��´RHIC�30�, §ò

�)Æ·���QGPÔ�, kÏu?�Ú
)QGP

��
Ä�A5. 3RHICU«ïÄQGP´Ä/¤

�&Ò¥, du-EUþép (
√

s=200GeV), �-E

ML§�'�M&�&Ò, AO´Ü©f�5Uþ�

�
[7—9]

¤�8cQGP&ÒïÄ�9:. Ü©f�5

Uþ��q¡��5|» (jet quenching), ´�3

lf-E¥�)�Ü©f�5BL-E�)�QGP

0��, duõÑ�p��fË���Ü©f�5

��Uþ. nØO�L²
[10—12]

, d�fË��)�

�C��LPM�A���5�Uþ���u)õg

Ñ��r�^0�q�þÝ�²�¤�''X. cÏ

�nØïÄó��?Ø
39QGP0�¥�5Uþ

���[�²ï�A
[12, 13]

, (JL²éu¥�Uþ�

���5, Ù9�f�áÂé�5Uþ��k��

K�.

Ü©f�5��Uþ7,~�Ü©f���rf

���, ����ÓUþ�Øf–Øf-E�', Ø–

Ø-E�)��îÄþrfÌ�Ø$
[7—9]

. ù�nØ

ýó®��C�RHIC¢�y¢, ¿���3RHIC

¢�¥�U®�)rÍÜ�QGPÔ���yâ�

�
[3—5]

. ��5¿�´, RHIC�¢�êâ�L²rf

Ì�Ø$�-E�)XÚ���k'. ù�¢�y�

Ø=y²�3Ü©f�5��Uþ�¯¢, �`²

Uþ���0��º���k', <y
± nØï

Ä¥Uþ���6r�p�^0�qþÝ�(Ø. �

©|^pQCDÜ©f�., 3+Þ�Cqe©OO�


��ØÓ�Au+AuÚCu+CuØÓé%Ý-E�

)π
0 �rfÌÚ�A�Ø?�Ïf, ¿ÏLnØ(J

�¢�êâ�'�, ïÄ
�6XÚ���Uþ��

érfÌ�Ø$�K�.

2 ØØ-E¥�Ñ��¡

ïÄØ–Ø-E¥�rf�), ���^�Øf–

Øf-E�)rf�Ñ��¡. �âpQCDnØÚÏ

fz½n, Øf–Øf-E�)rf�üÞÑ��¡
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�±��
[9]

dσh
pp

dp2
Tdy

= K
∑

abcd

∫
dxadxbfa/p(xa,Q

2)fb/p(xb,Q
2)×

dσ

dt̂
(ab→ cd)

D0
h/c(d)(zc(d),Q

2)

πzc(d)

, (1)

Ù ¥
∑

´ é ¤ k � U � Ð � Ú " � ¦ Ú.

fa/p(xa,Q
2)´3ý��¸¥, Ü©fa3Øfp¥�

Ü©f�©Ù¼ê. D0
h/c(d)(zc(d),Q

2)L«3ý��¸

¥, Ü©fc(d)��¤rfh���¼ê, zc (½zd)´

rfh3Ü©fc (½d)�Äþ¥¤Ó°�. dσ/dt̂´

MÑ�ab→ cd+Þ���©Ñ��¡, K ≈1.0—2.0

^5O9p�?�
[14]

. |^ (1)ª�±��Ø–Ø-E

�)rf�ØC�¡
[9]

,

dσh
AA

dp2
Tdy

= K
∑

abcd

∫
db2dr2tA(r)tA(|r−b|)×

∫
dxadxbfa/A(xa,Q

2,r)fb/A(xb,Q
2,r)×

dσ

dt̂
(ab→ cd)

Dh/c(d)(zc(d),Q
2,∆Ec(d))

πzc(d)

, (2)

Ù¥ tA(r)´Ø�þÝ¼ê, �©æ^MØ�.
[8]

,

tA(r) =
3A

2πR2

√

1−r2/R2, (3)

÷v

∫
tA(r)dr2=A, Ù¥A´�»�R�Ø�Øfê.

Ø–Ø-E¿Ø´Øf–Øf-E�{üU\. �

�¡, Ï�ë�r�p�^�ü�Ü©f3u)�^

�, �3Ð��Øñ-�A
[8]

. ,��¡, Ø–Ø-E

�)QGP�, ML§�)�pUÜ©f�53BÑ

QGP0��, duõÑ�Ë��f��Uþ��,

ù´"���5|»�A. 3|^ (2)ªO�Ø–Ø-

E�)�rfÌ�, XJ��Äùü«0��A, �

±ÏL?� (2)ª¥�Ü©f©Ù¼êÚ��¼ê5

¢y.

3HIJING�.
[15]

�Ä:þ, ± �nØïÄ
[16]

¦^
�fÚØ�Ý���¢�êâ±9ý�¥�

DGLAPüz�§�����NØñ-�A�ëêz

ÏfSa/A(x,r). §�q3ØA¥�Øñ-Ïf´
[16]

Sq/A(x,r) = 1.0+1.19ln1/6 A(x3−1.2x2 +0.21x)−
0.5

3

(

1− r
2

R2

)

(A1/3−1)0.6×

(1−3.5
√

x)exp

(−x2

0.01

)

, (4)

�fg3ØA¥�Øñ-Ïf´
[16]

Sg/A(x,r) = 1.0+1.19ln1/6 A(x3−1.2x2 +0.21x)−
1.3

3

(

1− r
2

R2

)

(A1/3−1)0.6×

(1−1.5x0.35)exp

( −x2

0.004

)

, (5)

Ù¥r ´Ü©f3Ø¥� �¥þ, R´Ø��», |

^ù�Ïf, Ü©f©Ù¼ê3�þê�A, >Öê�

Z �Ø¥�?�/ªXe:

fa/A(x,Q2,r) = Sa/A(x,r)

[

Z

A
fa/p(x,Q2)+

(

1− Z

A

)

fa/n(x,Q2)

]

, (6)

§�¹Â´3ØA²þz�Øf¥é�ÓØfUþ°

��x�Ü©fa�VÇ�Ý, 3�§ (2)¥ò^�ù

�?��Ü©f©Ù¼ê.

�©�O�¥, ò3 (2)ª¦^Xe�?���

�¼ê
[17]

5�Ä�5|»�A,

Dh/c(zc,Q
2,∆Ec) = (1−e−〈L

λ
〉)

[

z′
c

zc

D0
h/c(z

′
c,Q

2)+

〈

L

λ

〉

z′
g

zc

D0
h/g(z

′
g,Q

2)

]

+e−〈 L

λ
〉D0

h/c(zc,Q
2) , (7)

Ù¥z′
c = pT/(pTc

−∆Ec), z′
g =

〈

L

λ

〉

pT/∆Ec ´#

IÝ�Uþ°�. �§ (7)£ãe¡ù���Ôn

L§�VÇ�Ý: îÄþ�pTc
�"�Ü©fc²L

〈

L

λ

〉

gÑ�, duË��f��Uþ∆Ec, ���

�¤îÄþ�pT �"�rfh.

ML§�)�pUÜ©f�5BLØ–Ø-E�

)�QGP0��, ²þUþ���QGP0�XÚ�

º�k'
[10—12]

. éu��3Ø–Ø-E�U«�

S,: (Ù ¥r)�)�Ü©f�5, ÙUþ���

§3U«� (½QGP0�«�)BÑ�ålL(φ,r)

�²�¤�'. 3Ø–Ø�é%-E¥, L(φ,r)��

X� �φ (�5$Ä����p�^²¡�Y�)�

Cz��ØÓ. XJXÚ·�, ù�ål�±ÏL

¦)��ý��§Cq��
[18]

. ¢S�XÚ�U´

)ä�, �©�Ä1+1��)äXÚ. ± �nØï

Ä
[12, 13]

, 3�Ä�5Uþ���[�²ï�A��,

�Ñ1+1�)äXÚ¥Ü©f�5o�Uþ��,

∆E ≈
〈

dE

dL

〉

1d

∫τ0+L

τ0

τ −τ0

τ0ρ0

ρg(τ,b,r+nτ)dτ, (8)

Ù¥ρg(τ,b,r)´3�½-Eëê� b�Ø–Ø-E�

)�U«�¥ ¥�r!�k��τ �:, ¤�)�
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�f��Ý
[17]

ρg(τ,b,r) =
τ0ρ0

τ

πR2

2A
[t(r)+ t(|b−r|)], (9)

3 (8)ª¥ü �ÝUþ���ëêz/ª
[12, 13]

�
〈

dE

dL

〉

1d

= ε0(E/µ0−1.6)1.2/(7.5+E/µ0), (10)

ùpε0, µ0�ëê.

du¢�þ�Ñ
ØÓé%ÝØ–Ø-E�rf

Ì, �
U
�¢�êâ'�, ·�I�3nØþ½

Â-E�é%Ý�-Eëê�'X. �â©z[8]�O

�, �Ñr�p�^¥^L§��z, Ø–Ø-E��

�5Ñ��¡�

σAB
in (bmin, bmax) =

∫
[

1−eσNN
in

TAB(b)
]

d2b , (11)

Ù¥σNN
in ´Øf–Øf-E���5Ñ��¡. �%

XUþ
√

s=200GeV�, σNN
in ≈42mb. |^ (11)ª½Â

é%Ý =

∫b

0

[

1−eσNN
in

TAB(r)
]

d2r

σAB
in (total)

×100%. (12)

ã1´�â (12)ª�Ñ�Au+AuÚCu+Cu-EØÓ

-EëêbéA�é%Ý.

ã 1 MØ�.¥ Au+Au -EÚ Cu+Cu �é%

Ý�-Eëê b�'X

3 ê�(J©Û'�

éu�©�ê�(J, 3 (1)ªÚ (6)ª¥^�

ý�¥CETQ6MÜ©f©Ù¼ê�ëêz/ª
[19]

;

3 (1)ªÚ (7)ª¥^�ý�¥KKPÜ©f��¼ê

�ëêz/ª
[20]

; 3 (1)Ú (2)ª¥·��À�IÝ

Q�'u�)�rf�îÄþpT
[17]

. 3 (8)Ú (10)

ª¥�OUþ���ëê�µ0=1.5GeV, τ0=0.2fm,

λ0=0.3fm, �©z [16]��. ØÓ�´, �©3 (7)ª

¥^�: éuAu+Au-E, ·�ÏL[Ü�é%-E

�¢�êâ½Ñ εAuAu
0 =1.68GeV/fm; éuCu+Cu-

E, |^
PHOBOS¢�|'urf���ë\-E

�Øfê�'X�¢�êâ
[21]

. �â©z [12, 13]�

nØïÄ, 3 (10)ª¥�ëêε0 ÷v

ε0 ∝
dN

dη

1

τ0πR2
, (13)

Ïd,

εCuCu
0

εAuAu
0

=
(dN/dy)CuCu

(dN/dy)AuAu

R2
Au

R2
Cu

. (14)

du¢�þvkCu+Cu�é%-E�rf��

�¢�êâ, ¤±·�3 (14)ª¥^ë\-E�Øf

ê�64×2=128�Au+Au�é%-E�rf���

O�Óë\-E�Øfê�Cu+Cué%-E�rf

��, l½ÑεCuCu
0 =1.01GeV/fm.

ã 2 3 � % X U þ
√

s=200GeV � p+p - E,

Au+AuÚCu+CuØÓé%Ý-E�)π
0 �r

fÌ

¢�êâ�g©z [22].

�â (2)Ú (11)ª, ·�½Â3,��é%Ý«

m, ²þzéØ–Ø-E�rf�)Ç

dNh
AA

dp2
Tdy

=
1

σAA
in (bmin, bmax)

dσh
AA(bmin, bmax)

dp2
Tdy

. (15)

|^ (15)ª, ·�3ã2¥©O�Ñ
p+p-E (J

�)!ØÓé%ÝAu+AuÚCu+Cu-E (¢�)�)

π
0 �îÄþÌ. �Buòp+p�(JÚAu+Au(½

Cu+Cu)�(J'�, J�deª�Ñ:

dNh
pp

dp2
Tdy

(scaled) =
〈Nbin〉(0—10%)

σAA
in (0—10%)

dσh
pp

dp2
Tdy

. (16)

ÏL'� (15)Ú (16)ª, XJvk0��A, ã2�

m ü � ã ¥ � þ ¡ � ¢ � (é % Ý� 0%—10% �

Au+Au½Cu+Cu�rfÌ)AT©O�J�Ü.

¢S�¹´du0��A, �þ¡�¢��p+p-E

�J��'��Ø$
, ��Ø$�¢�fÐÎÜ
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�A�¢�êâ. Ù¦é%Ý�nØ(J���A�

¢�êâÎÜ�Ð. 7L`², ·��O�¦+�Ä


Øñ-�AÚ�5|»�A, �Øñ-�A�3�

îÄþ«�érfÌ�Ø$k�½��z
[8]

. Ïd,

3�îÄþ«�rfÌ�Ø$A��Ü5g�5|»

�A��z.

3·��nØO�¤^��MØ�.¥, Au

Ø�» (RAu=6.5fm)'CuØ�» (RCu=4.5fm)�. 3

é%-E (0%—10%)¥, Au+Au/¤�QGPXÚ'

Cu+Cu/¤�QGPXÚ�, ML§�)�pUÜ©

f�53Au+Aué%-E/¤�XÚ¥BL�²þ

ål�. �â (8)ª, Ü©fÏ²{�õ�Ñ���

�õ�Uþ, ¤±lã2¥�±wÑAu+Aué%-E

�rfÌ'Cu+Cué%-E�rfÌ�Ø$��õ.

,	, Au+Au(½Cu+Cu)ØÓé%Ý-E/¤

�§�Ô�XÚ���ØÓ. é%Ý��, XÚ�º

���. duÐ©�XÚCqý� (3î�²¡S),

¤±, XÚ�º���� �k', �´XÚé� 

�²þ�º���é%Ýk'. �Xé%Ý�O�,

�5BÑ0��²þålò~�, �5�Uþ���

��~�. Ïd, lnØþ5`, rfÌ�Ø$ò�é

%Ý�O�~�.

�
�B©ÛXÚ���érfÌØ$�K�,

O�
�
u�0��AÚ\�Ø?�Ïf
[23]

,

RAA =
dσAA/dpTdy

〈Nbin〉dσpp/dpTdy
, (17)

Ù¥

〈Nbin〉=

∫
db2dr2tA(r)tA(|r−b|). (18)

ã3´|^ (17)ªO��Au+AuÚCu+CuØÓ

é%Ý-E�)π
0 �Ø?�Ïf�nØ(J�¢

�êâ�'�. o�5`, ê�(JÎÜ¢�êâ.

3�Óé%Ý�^�e, Au+Au-E/¤�XÚ'

Cu+Cu-E/¤�XÚ�, Ü©f�5���õ�U

þ, ¤±Au+Au�Ø?�Ïf�uCu+Cu�Ø?�

Ïf. Au+Au(½Cu+Cu)-Eé%Ý��, /¤�X

Ú²þº���, Ü©f�5���Uþ���, Ï

dØ?�Ïf�Xé%Ý�O�~�. Þ>-E�

(~Xé%Ý�u80%), ÃØ´Au+Au�´Cu+Cu,

QGPXÚA�vk/¤ (½ö/¤�XÚé�), Ü©

f�5vk²{õÑ���Uþ (½ö���U

þ�±�ÑØO), ÏdÜ©fA�´3ý�¥�¤

��rf�L§, ¤±, 3ã3¥é%Ý�u80%�

Au+AuÚCu+Cu-E�Ø?�ÏfÑ�Cu1.

ã 3 Au+AuÚCu+Cu-E(
√

s=200GeV)Ø?

�ÏfRAA �îÄþ©Ù

¢�êâ�g©z [22].

4 (Ø

�©3pQCD�Ü©f�.�Ä:þ, 3+Þ

�Cqe©OO�
p+p-E, Au+AuÚCu+CuØ

Óé%Ý-E�)π
0 �rfÌÚ�A�Ø?�Ïf

RAA. Ò�)�îÄþ�rfó, Ø–Ø-EÚØ

f–Øf-E�ØÓ�?3uØ–Ø-E¥�30��

A. �©�Ä
Ð��Øñ-�AÚ"���5|»

�A, �K�Ø–Ø-E�)��îÄþrfÌ�Ø$

��AÌ�´�5|»�A. nØO��ê�(JL

², Ø–Ø�rfÌ�Ø$�§Ý��6XÚ���

Uþ��k��'X. AuØ'CuØNÈ�, �Óé%

ÝAu+Au�)�XÚ'Cu+Cu�)�XÚº��;

Au+Au(½Cu+Cu)ØÓé%Ý-E�)�XÚ��

�Xé%Ý�O�~�. duÜ©f�5o�²

þUþ���XÚ²þº��²�¤�'
[10—12], q

duÜ©fUþ����rfÌØ$, Ïd�Óé%

Ý-EAu+Au�)�rfÌ'Cu+Cu�)�rf

Ì�Ø$�§Ý�, ½RAuAu < RCuCu. Ón, Au+Au

(½Cu+Cu)é%-E�)�rfÌ'�é%-E�

)�rfÌ�Ø$�§Ý�, ½RAA (é%) < RAA

(�é%). {ó�, XÚ��, Ü©f�5�Uþ�

���, XÚrfÌ�Ø$��õ. nØO��ê�

(JÚ¢�êâ�ÎÜ, Ø=`²Uþ��Å���

�5Úý¢5, ��y¢QGP��3Jø
�?�

Ú��â.
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Influence of System Size Dependence of Energy Loss

on Hadron Spectra Suppression *

WANG Xiao-Dong ZHANG Han-Zhong WANG En-Ke1)

(Institute of Particle Physics, Huazhong Normal University, Wuhan 430079, China)

Abstract Based on parton model in QCD, at the leading-order approximation we studied the π
0 spectra and nuclear

modification factor RAA in Au+Au and Cu+Cu collisions with different centralities. Because of parton jet energy loss

in heavy ion collision, large transverse momentum hadrons spectra are suppressed as compared to p+p collisions at the

same energy. It is shown that the suppression has strong dependence on the system size which determines the amount

of the jet energy loss. The bigger the system is, the larger parton energy loss is. It results in the much more suppression

of the spectra and also the much less RAA.

Key words heavy ion collision, jet quenching, hadronic spectrum, nuclear modification factor, quark gluon plasm
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