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Á� |^Ü©f39�QCD0�¥�Ë�Ì, ïÄÜ©f39�0�¥�üz5Æ. ïÄ(JL²,

3�ÓUþe0�p��A¦�Ü©f30�¥�3�AÇ�uÜ©f3ý�¥�3�AÇ; p�Ý

0�¥�Ü©f3�AÇ�u$�Ý0�¥�3�AÇ. �©ïÄ(J�{IBNL/RHIC�éØ­l

f-E¢�¥*ÿ��pîÄþrf��Ø$y���, �«
3RHICU«®²)¤p§p�Ô�.

'�c pU­lf-E Ü©fq�üz5Æ Ü©fË�Uþ��

1 Úó

þfÚÄåÆ(QCD)ýó, 34àp§½p�^

�e, ÊÏrfÔ�¬u)òB4�C�§��f

�lfN(QGP)�, =�5�åP3rfNXSÜ

�§�Ú�fò;4¤gd�QGPÔ�. ù«�C

�u)´du±�éØ�Ý�1�pU­lf3�

pu)��-EL§¥, ã��âfÄU��È3

Ø–Ø(AA)-E�k�«�S, ¿=z�9U, /¤

4àp§p��¸, ½¦rfNX)ØÚB4, /¤

QGP#Ô�/�, ¿�ª=z�"�âf��). 3

�éØ­lf-E¥, "�pîÄþrf���Ø$

�@�´§��f�lfN®²)¤���­�&

Ò. 3pUØ–Ø-EL§¥, MÑ�u)3-EL§

�ÐÏ, dMÑ�L§/¤��îÄþÜ©fòB�

r�p�^Ô�, ù
MÜ©f�9�Ô�u)r�

p�^, ²L>�Ë�
��Uþ, ·�rù«y�

¡��5|» (Jet Quenching)
[1, 2]

. �
Ýþ0��

AépîÄþâf�)�K�, ¢�þ½ÂØ?�Ï

f
[3, 4]

µ

RAA =

d2NAA

dpTdy

〈Ncoll〉
d2Npp

dpTdy

, (1)

Ù ¥ 〈Ncoll〉� - E ê. 3 { I BNL/RHIC $ 1 1

(
√

SNN = 130GeV)Ú$12 (
√

SNN = 200GeV)¢�

¥, ÏL'�Ø–Ø-EÚrf–rf-E¥+Þâf

���, ©O*ÿ�+Þ�¥5π
0 Ú�>rf��Ø

$y�. é�¥%Ú�>��Ø–Ø-E, RHIC$12

©Oÿ�RAA ∼ 0.5ÚRAA ∼ 1.0
[5]

. dd�«
Ø–Ø

¥%-E¥/¤9��r�p�^Ô�, 
Þ>�

Ø–Ø-Evk/¤9��r�p�^Ô�, Ø–Ø�

Þ>-EÚp+p-Evk��þ�ØÓ. �©l±e

ü�¡ïÄ+Þâf��Ø$y�, Äk�ÄMÜ©

f3B�9�Ô�L§¥0�p�Ü©fË�Uþ�

��A; ,�A^Ü©f30�¥�Ë�ÌïÄÜ©

fq(parton shower)30�¥�üz5Æ; ���Ñ

o(.

2 0�p�Ü©fË�Uþ��

Ø–Ø-EÐÏ/¤�MÜ©f3B�9�r�

p�^Ô��ò�9�Ô�u)�p�^, l
�

�Ü©fu)>�Ë�. Ë�Ñ5�Ü©f�r1

Ü©f��Ü©Uþ, 1NÜ©f�Uþ���u

Ë�Ü©f�r�UþoÚ
[6, 7]. �©æ^Gyulassy-

Wang�.
[1]

£ãMÜ©f�0���p�^, b½
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0��·��Ñ�¥%, MÜ©f�Ñ�¥%��

p�^æ^�~¶-³5£ã
[7, 8]

, ¿@�MÜ©�

m�Ñ��¡ØC. 3G-W�.�Ä:þ, �Ä��

fË�����Z��A——LPM�A
[9]

(Landau,

PomeranchukÚMigdal), WiedemannÏL�C��

FurryCq��0�p��fË�Ì
[10, 11]

:

ω
dI

dωdk⊥

=
αsCF

(2π)2ω2
2Re

∫
∞

0

dyl

∫
∞

yl

dȳ

∫
due−ik⊥·u×

e
−

1
2

∫

∞

ȳl
dξn(ξ)σ(u) ∂

∂y
•

∂
∂u

∫u=r(ȳl)

y=r(yl)

×

Dr exp

[

i

∫ȳl

yl

dξ
ω

2

(

ṙ2− n(ξ)σ(r)

iω

)]

,

(2)

Ù¥CF �kÜ���f, §�CF =
4

3
�f, CF = 3,

ω Úk⊥ ©O�Ë��f�UþÚîÄþ. 3±e�

ê�O�¥, ·���½�rÍÜ~êαs =
1

3
. �

§(2)¥Ø�6u�m�Ñ�¥%�Ýn(ξ)�üg�

5Ñ��¡σ(r)�¦È�A
0�éÜ©fË��

K�. ó4�¡σ(r)dpUüg�5Ñ��¡3Úl

­�¥�L«�Ñ
[12]

:

σ(r) = 2

∫
dq

(2π)2
|a(q)|2(1−eiq·r). (3)

�©é�§(2)æ^ü«ØÓ�Cq�Y: 1) ügMÑ

�Cq, �â [n(ξ)σ(r)]N Ðm�§(2), =opacityÐ

m. �©¥�Ðm�N = 1��, ©z[11,10]�êi(

Jw«N > 1�p��éÜ©fË��zé�. N = 0

��Õáu0�, Ïd@�´ý���z; N = 1��

´�fË�é0��Ì��6�. éu��3��Ü

©f�0��m�Ñ�, N = 1�����ZË�, =

�uügÑ�¦±k��Ñ�¥%ê8. éu��l

��Ü©f�0��m�Ñ�, N = 1���ZË�,

=�)
ý�Ú0��m�Z��A. 2) õ­^Ñ�

Cq, =dipoleCq. @�Ü©f�0��m�Ñ�

d�þ�^Äþ=£L§|¤, ù���÷î��Ù

K$Ä (Brownian motion), ù«�¹e�±$^Q:

Cq{z´»È©�§(2),

n(ξ)σ(r)' 1

2
q̂(ξ)r2, (4)

Ù¥ q̂(ξ)�Ñ$Xê, §£ãü ´»�Ýþl0�

=£����îÄþ²��²þ 〈q2
⊥
〉.

3opacityÐmCqe, N = 0�ý��, d�Ñ

�¥%��Ýn(ξ) = 0, �§(2)C�

ω
dI(N = 0)

dωdk⊥

=
αsCF

(2π)2ω2
2Re

∫
∞

0

dyl

∫
∞

yl

dȳl

∫
due−ik⊥·u×

∂
∂y

•

∂
∂u

∫u=r(ȳl)

y=0

Drei
∫ ȳl
yl

dξ ω
2

ṙ2

, (5)

ª(5)¥�´»È©�gdâfDÂ¼ê. ²O���

N = 0�¹eË��f�Ì©Ù:

ω
dI(N = 0)

dωdk⊥

=
αsCF

π2

1

k2
⊥

. (6)

N = 1�ügMÑ�Cqe�0��z�, d�

Ðm�§(2)¥�´»È©Ü©¿�3�Ñ�¥%�

Ý��g�,

K (y,yl;u, ȳl) = K0(y,yl;u, ȳl)−
∫
dξn(ξ)

∫
dρ×

K0(y,yl;ρ, ξ)
1

2
σ(ρ)K0(ρ, ξ;u, ȳl), (7)

r(7)ª�\�§(2)¥, ²LO���

ω
dI(N = 1)

dωdκ̄2
=

αs CF

π
(2n0 L)

∫
∞

0

dq̄2

q̄2− 1

γ̄
sin(γ̄q̄2)

q̄4
×

(1+ κ̄2− q̄2)

[(1+ κ̄2 + q̄2)2−4κ̄2q̄2]3/2
, (8)

Ù¥ κ̄2 =
k2

⊥

µ2
, γ̄ =

ω̄c

ω
, ω̄c =

1

2
µ2L��fA�Uþ, L

�Ü©f30�¥�B��Ý, n0 �È©��Ñ�¥

%�Ý. 3±e�ê�O�¥, �n0L = 1
[11]

.

éuõ­^Ñ��¹, æ^Q:Cqª(4), ¿r

�§(2)¥�p�È©y©�6Ü©
[11]

:

ω
dI

dωdκ2
= ω

dI1

dωdκ2
+ω

dI2

dωdκ2
+ω

dI3

dωdκ2
+

ω
dI4

dωdκ2
+ω

dI5

dωdκ2
+ω

dI6

dωdκ2
=

∫0

z−

∫0

yl

· · ·+
∫0

z−

∫L

0

· · ·+
∫0

z−

∫z+

L

· · ·+
∫L

0

∫L

yl

· · ·+
∫L

0

∫z+

L

· · ·+
∫z+

L

∫z+

yl

· · · (9)

ùpz− → 0, z+ →∞, dd��cn�È©��. 14

�Ú15��0���z, 16��ý��z. ÏLO

���

ω
dI4

dωdκ2
=

αsCF

4π2ω2
2Re

∫L

0

dyl

∫L

yl

dȳl

[ −4A2
4D4

(D4− iA4B4)2
+

iA3
4Bk2

⊥

(D4− iA4B4)3

]

exp

[

− k2
⊥

4(D4− iA4B4)

]

,

ω
dI5

dωdκ2
=

αsCF

4π2ω
Re

∫L

0

dyl

−i

B2
5

exp

[

−i
k2

⊥

4A5B5

]

,

ω
dI6

dωdκ2
=

αsCF

π2

1

k2
⊥

, (10)
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Ù¥,

A4 =
ωΩ

2sin(Ω(ȳl−yl))
, B4 = cos(Ω(ȳl−yl)),

D4 =
1

4
n0q̂(ξ)(L− ȳl), A5 =

ωΩ

2sin(Ωyl)
,

B5 = cos(Ωyl), (11)

Ω =
1− i√

2

√

q̂(ξ)n0

2ω
���fEªÇ. 3õ­^Ñ�C

qe, Ü©fË�Ì�±L«�

ω
dI

dωdκ2
= ω

dI4

dωdκ2
+ω

dI5

dωdκ2
+ω

dI6

dωdκ2
. (12)

±þ�ü«Cq£ã
ü«4��/, opacity

ÐmrÜ©f�0��m�Ñ�{z�ügMÑ�;

dipoleCqK@�Ü©f�0�u)�p�^�, z

gÄþ=£Ñé�, r¦��m��p�^{z�õ

g^Ñ�. ý¢�ÔnL§0uùü«4��/�m,

ùü«4��¹e¤�(J�m� �, �±^5�

OCq�`�§Ý. I�rN�´, éu0�p�Ü

©fË�, ùü«CqÑU��Ônþ�d�(J.

3 0�p�Ü©fq�

Ø–Ø-EL§¥/¤�MÜ©f3B�9�0

��¬É�9�0��p��^
u)3�. �U

�3�L§k: a → bc ≡ q → qg, q̄ → q̄g, g → gg,

g→ qq̄. éuÜ©f30�¥�Ë�, c3�L§ÓÌ

�Ü©, �©��Äc3�L§��z. ùpæ^c�

!0��0�p�Ü©fË�Ì5ïÄ0�p�Ü©

fq��¹.

�©æ^JÝ tÚÄþ°�z 5£ã"�Ü©f

q�. "�Ü©fq�´a�ÔnL§, JÝ t�£ã

Ü©füz�a�Cþ, §�LÜ©fq�L§¥�

oÄþ=£���, = t = Q2. 3,�JÝ tÚÄþ©

�z �, Ü©f�3�AÇ�L«�
[13]

dPa =
∑

b,c

α

2π
Pa→bc(z)dzdt, (13)

dd��, 3A½�3��ªe3 t±����+�

δtm�SÜ©f3��AÇ�

Ia→bc(t)δt =

∫
dz

α

2π
Pa→bc(z), (14)

� A �, 3 δt m � S Ü © f v k 3 � � A Ç �:

1− Ia→bc(t)δt. dd��, éu��±JÝ t0=1GeV2

m©üz�Ü©f, 3JÝ t > t0 �üzL§¥vk

3��AÇ�

Pnosplit = exp

[

−
∫t

t0

dt′
∑

b,c

Ia→bc(t
′)

]

, (15)

|^Ü©fvk3�AÇPnosplit , ��Ü©f3��

AÇ�: 1−Pnosplit. Äk, �ÄÜ©f3ý�¥vk

3��AÇ. ý�¥Ü©f�3�¼ê�

Pq→qg(z) = CF

[

1+z2

1−z

]

,

Pg→gg(z) = CF

[

z

1−z
+

1−z

z
+z(1−z)

]

, (16)

r(16)ª�\(14)Ú(15)ª, ��Ü©f3ý�¥vk

3��AÇ. éuÜ©f30�¥vk3��AÇ,

æ^c�!�Ñ�0�p�Ü©fË�Ì5ïÄÜ©

f3��¹. |^ (8), (12), (14)Ú (15)ª, ��3ü

gMÑ�CqÚõ­^Ñ�Cqe�Ü©fvk3�

�AÇ.

e¡éê�(J?1©Û, Ü©f3ý�¥DÂ

�, §vkÉ�	å��^, Ü©f3ý�¥�Ë�

�guË�. Ü©f30�¥DÂ�, §¬�0�u

)�p�^, l
u)É-Ë�. Ü©f30�¥�

É-Ë��u3ý�¥�guË�. ã1Úã2�Ñ


ügMÑ�Cqe§�Ú�f3ý�Ú0�¥v

k3��AÇ. lã1Úã2�²w�wÑ, Ü©f3

0�¥vk3��AÇ�u3ý�¥vk3��A

Ç, d1−Pnosplit ��Ü©f30�¥3��AÇ�

u3ý�¥3��AÇ, K��"�+ÞâfîÄ

þ~�. dd�±`²{IBNL/RHIC¢�¥*ÿ

��+Þâf��Ø$y�. ã3�ã6�Ñ
õ­

^Ñ�Cqe§�Ú�f3ý�Ú0�¥vk3�

�AÇ. ã3Úã4£ã�$UþE = 10GeV�, §�

Ú�f3ØÓ�Ñ�¥%�Ýe�vk3��AÇ.

q̂L = 5, q̂L = 20Ú q̂L = 50©OL«Äþ=£���,

��A
0��Õ�§Ý. ã3Úã4w«0���

Ý��, Ü©fvk3��AÇÒ��, 3�AÇÒ

��. Ó�, ã3Úã4�w«
3 té�Ú t�CE2

�ØÓ�ÝeÜ©fvk3��AÇªu­Ü. ù´

Ï� té��, Ü©fkv
��m3�, ¤±vk3

��AÇª�u0; 3 t�CuE2 �, Ü©f]mÒ�

l
0�, É0��K�é�, ¤±vk3��AÇ

ª�u1. ã5Úã6�ÑUþE = 100GeV�§�Ú

�f3ý�Ú0�¥vk3��AÇ. d�Ü©fä

kép�Uþ, §�É�0��K�é�, ¤±3 tª

CuE2 �L§¥, üÌã¥ØÓ�Ý��Ü©fv

k3��AÇé@Ò­Ü3�å. ©O'�E = 10
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ÚE = 100GeV§�Ú�f�vk3��AÇ, �±

wÑE = 100GeV�§�Ú�fvk3��AÇÑ�

uE = 10GeV�vk3��AÇ, =E = 10GeV��

Ü©f3�AÇ�uE = 100GeV��Ü©f3�A

Ç. ù´Ï�Ü©f�Uþ��, §3éá�mSÒ

�l
0�, 0�éÜ©f�K�Ò�. ã7�Ñ


opacityCqÚdipoleCq�'�, lã7�±wÑ, ù

ü«Cq�Ñ���Ôn(J.

ã 1 Opacity C q e, U þ E = 10 Ú E =

100GeV�§�3ý�Ú0�¥vk3�AÇ

ã 2 Opacity C q e, U þ E = 10 Ú E =

100GeV��f3ý�Ú0�¥vk3�AÇ

ã 3 DipoleCqe, UþE = 10GeV�§�3ý

�ÚØÓ�Ý�0�¥vk3�AÇ

ã 4 DipoleCqe, UþE = 10GeV��f3ý

�ÚØÓ�Ý�0�¥vk3�AÇ

ã 5 DipoleCqe, UþE = 100GeV�§�3

ý�ÚØÓ�Ý�0�¥vk3�AÇ

ã 6 DipoleCqe, UþE = 100GeV��f3

ý�ÚØÓ�Ý�0�¥vk3�AÇ

ã 7 OpacityCqÚdipoleCq�(J'�
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4 �(

�©æ^Gyulassy-Wang�.£ãMÜ©f�

0���p�^, b½0��·��Ñ�¥%, MÜ

©f�Ñ�¥%��p�^æ^�~¶-³5£ã,

¿@�MÜ©�m�Ñ��¡ØC. æ^opacityÚ

dipoleü«Cq�{{z0�p�Ü©fË�Ì, ¿

|^0�p�Ü©fË�ÌïÄÜ©fq�30�

¥�üz5Æ. í�
Ü©f3ý�Ú0�¥vk3

��AÇ, �Ñ
Ü©f3ý�Ú0�¥�3�AÇ.

ÏL'�E = 10ÚE = 100GeV§�Ú�fvk3

��AÇ, uyUþ��Ü©f3�AÇ�uUþ�

�Ü©f3�AÇ. ïÄ(J�L², Ü©f30�

¥�3�AÇ�u3ý�¥�3�AÇ, l
��p

îÄþâf��Ø$, ù´pUØ–Ø-E¥�39

�QCDÔ��kåyâ��. �©ïÄ(J�{I

BNL/RHIC¢�¥*ÿ��+Þâf��Ø$y�

��
[14, 15]

, ùw«RHICU«pU­lf-E¥)¤


p§p��r�p�^Ô�.
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Medium-Induced Parton Splitting Probability *

XIANG Wen-Chang1) DING Heng-Tong2) ZHOU Dai-Cui3)

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

Abstract The parton shower evolution law in the hot and dense matter is studied by using the spectrum of parton

radiative energy loss. At the same energy, the numerical results indicate that the splitting probability of parton, in

the medium, is large than those in the vacuum. And when the density of medium is higher, the splitting probability

of parton is larger. This result is in agreement with the suppression of leading particles production in BNL/RHIC,it

indicates that the hot and dense matter has already been produced at RHIC energy.

Key words high-energy heavy ion collision, evolution of parton shower, parton radiative energy loss
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