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pUØ–Ø-E¥�)�f�¯Ý©Ù *

�çJ
1,2;1)

1 ($²��Æ�ÔnX $² 034000)

2 (ìÜ���Æy�ÔnïÄ¤ � 041004)

Á� ^n»¥�.©Û
Ø–Ø±AGS(the Alternating Gradient Synchrotron)ÚSPS(the Super

Proton Synchrotron)Uþ-E¥�)�f�¯Ý©Ù. Monte Carlo �{O��(J©O�7–7

±6, 8 Ú10.8AGeV�Uþ¿±ØÓ¥%5-E!Y–Y±158AGeV/c�Äþ-E!±91–1±

200AGeV/c�Äþ-E�¢�êâÎÜ.

'�c 7–7-E Y–Y-E 1–1-E ¯Ý©Ù n»¥�.

1 Úó

Cc5, 'upUØ–Ø-E�nØÚ¢�ïÄ

Úå
<��4�,�, §´y�ãâfÔnó�

öÚ�fØÔnó�ö�Ó'%�c÷+�. ù«ï

Ä���Ôn8�´&ÿþfÚÄåÆ(QCD)n

Øýó��«#�Ô�/�——§�–�f�lf

N(QGP)��395�. 3¢�þ, {IÙ°�°f

I[¢�¿(BNL)�AGS¤õ/ò�å6\��U

þ�zØf14.6GeV, ÜîØfïÄ¥%(CERN)�

SPSKò�å6\��Uþ�zØf60 Ú200GeV,

Ó�, 7!1!7!Y�å6��\��épUþ.

²Lõcãå, ¢�ó�öÈ\�¢�êâ�5�´

L, Ó�nØó�ö½épUØ–Ø-EL§JÑ


õ«���.
[1—5]

.

3pUØ–Ø-E¥, "��)
Nõâf
[6—8]

,

ù«y�¡�õâf�)
[9, 10]

. 3"�âf¥kNõ

�f
[11—13]

, ù
�f5gqØÚ��Ø
[14—16]

. pU

Ø–Ø-E¥�)�"��f�¯Ý©ÙU
ÏL¢

�ÿþÑ5, ÏL¯Ý©ÙU
�Ï·�n)3�p

�^XÚ¥âf��)L§. ®²Ú?
Nõ�.

5£ãâf��), ~X: �éØþf©fÄåÆ�

.
[17], u�.

[5], »¥�. (fireball model)[18—22], 9

zÎ�.
[23—29]

��. �©^��n»¥�.
[20—22]

,

ã�{ü, N´n), ´@Ï»¥�.�?�ÚuÐ.

�©^n»¥�.
[20—22]

©Û7–7©O±6, 8

Ú10.8AGeV�Uþ¿±ØÓ�¥%5-E�)�f

�¯Ý©Ù, Y–Y±158AGeV/c�Äþ-E�)�

f�¯Ý©Ù, ±91–1±200AGeV/c�Äþ-E

�)�f�¯Ý©Ù. ^Monte Carlo�{O��(

J�E917 Ü�|
[30]

!NA49 Ü�|
[31]

ÚNA35 Ü�

|
[32]

���¢�êâ?1
'�.

2 �.O�

y35©ÛpUØ–Ø-E�L§. 3�%ëì

X, ����ØÚ��qØ�pBß, 3��«/¤

ü��)âf� (��»¥PÚq»¥T), �dÓ

�, du�fÚ°§���p�^, 3¥%«�/¤

���)âf� (¥%»¥C)
[20—22]

. -EXÚ�

�%3�%ëìX�¯Ý�ycm = 0, K¥%»¥�

¯Ý��yc = 0. 3À½ëìX (�%X½¢�¿X),

^∆y 5L«��»¥Úq»¥�¯Ý£Ä, ^Dy L

«+Þ���fÚ+Þq�f�¯Ý£Ä. 3u�

·�X, b½3�Äþ©þPx , Py, Pz Ñl°Ý�

σ =
√

mγ̄T �pd©Ù, ª¥m��f�·��þ, T
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�u��§Ý, γ̄ ´�fâÕ[Ïf�²þ�. �U

þØp�, γ̄ = Ē/m≈ 1, �Uþ�p�, γ̄ > 1, �Uþ

ép�, γ̄ ≫ 1. 3O�¥, ò γ̄T w¤��ëê. d�

�'X�:

ε2 = P 2 +m2 = P 2
x +P 2

y +P 2
z +m2, (1)

ε =
√

P 2
x +P 2

y +P 2
z +m2. (2)

K3u�·�X, �f�¯Ý�d¯Ý½ÂL«�

y∗ =
1

2
ln

(

ε+Pz

ε−Pz

)

. (3)

3À½ëìX(�%X½¢�¿X), �f�¯Ýy �

L«�

y = y∗+yx. (4)

éu��»¥yx = ∆y, q»¥yx = −∆y, ¥%

»¥yx = 0. éu+Þ���fyx = Dy, +Þq�

fyx = −Dy. éu�7–7!Y–Y!1–1ù��é

¡-E, +Þ���f��zÚ+Þq�f��z´

���. 3�©�9�U«, b�3�»¥��z�

�
[22]

. ^k L«+Þ���f½+Þq�f��z,

Kz�»¥��z�: (1—2k)/3.

�
�N¢�þ*ÿ��ÚOÞá, Ó��
¦

O���{üz, e¡�ÑMonte Carlo�{?n¯

K�O�L§.

�R, R1, R2, R3, R4, R5, R6 þ�[0,1]mþ!©

Ù��Åê, �Ä�Px, Py, Pz Ñl�Ó°Ýσ �p

d©Ù, k

Px = σ(−2lnR1)
1/2 cos(2πR2), (5)

Py = σ(−2lnR3)
1/2 cos(2πR4), (6)

Pz = σ(−2lnR5)
1/2 cos(2πR6), (7)

òúª(5), (6), (7)�\úª (2), �¦Ñε, dεÚ

Pz �òy∗ L«�

y∗ =
1

2
ln

(

√

P 2
x +P 2

y +P 2
z +m2 +Pz

√

P 2
x +P 2

y +P 2
z +m2−Pz

)

. (8)

3�%ëìXe, �â+Þ�fÚ»¥�ØÓ�z©

O�Ñyx.

bXR 6 k yx =−Dy. (9)

bXk < R 6 2k yx = Dy. (10)

bX2k < R 6 [2k+(1−2k)/3] yx =−∆y. (11)

bX [2k+(1−2k)/3] < R6 [2k+2(1−2k)/3] yx = 0.

(12)

bX [2k+2(1−2k)/3] < R6 [2k+3(1−2k)/3]

yx = ∆y. (13)

òyx Úúª(8)�\úª(4), Ò���3�%ë

ìX¥�f�¯Ý�, ²Lv
õgEO��, ¯

Ýy �©Ù�dÚO��{��.

3 �¢��'�

ã1´�%ëìXe, 7–7±6AGeV�Uþ¿

±ØÓ�¥%5-E�)�f�¯Ý©Ù, p�I

L«"��f�¯Ý©Ù, î�Iy-ycm L«�%ë

ìXe�f�¯Ý, Ù¥y L«¢�¿ëìX�¯Ý,

ycm L«�%X�éu¢�¿X�¯Ý. -E�¥%

53ã¥®IÑ, ©O�: 0%—5%, 5%—12%, 12%—

23%, 23%—39%, 39%—81%. ¢%��(ç:)´E917

Ü�|
[30]

ÿþ�¢�êâ, �%��´�7y = ycm

���:. �L«�´éØÓ¥%5-E, ^n»

¥�.©Û¿^Monte Carlo�{O�����)�

f�¯Ý©Ù. dã1�±wÑ: dn»¥�.©Û�

��nØ�U
éÐ/�E917Ü�|
[30]

�¢�ê

âÎÜ. ÏLO�����¢�êâ'�ÎÜ�ëê

�´: γ̄T = 145MeV, Dy = 1.13, ∆y = 0.72. éuØÓ

¥%5�-E (0%—5%�39%—81%), +Þ���f

½+Þq�f��z©O�: k = 0.010, 0.064, 0.116,

0.178, 0.232, �A�χ2/dof ©O�: 0.0251, 0.0037,

0.0051, 0.0092, 0.0618.

ã 1 7–7±6AGeV�Uþ-E�)�f�¯Ý

©Ù

¢��´dE917Ü�|
[30]

ÿþ�¢�êâ, �%

��´¢%���7y = ycm ���:. �´^

Monte Carlo�{O��(J.

ã2 �ã1 �q, �\��UþC�8AGeV. Î
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Ò!¢��!�%��Ú�¤L«�¿Â�ã1�

Ó. ÏLO�����E917Ü�|
[30]

¢�êâÎÜ

�ëê�´: γ̄T = 155MeV, Dy = 1.16, ∆y = 0.75. é

uØÓ¥%5�-E (0%—5%�39%—81%), +Þ�

��f½+Þq�f��z©O�: k=0.020, 0.075,

0.117, 0.162, 0.240. éA�χ2/dof ©O�: 0.0130,

0.0185, 0.0071, 0.0144, 0.0107.

ã 2 7–7±8AGeV�Uþ-E�)�f�¯Ý

©Ù

¢��´dE917Ü�|
[30]

ÿþ�¢�êâ, �%

��´¢%���7y = ycm ���:. �´^

Monte Carlo�{O��(J.

ã3��ã1�q, �\��UþC�10.8AGeV.

ÎÒ!¢��!�%��Ú�¤L«�¿Â�ã1

�Ó. ÏLO�����E917Ü�|
[30]

¢�êâÎ

Ü�ëê�´: γ̄T = 165MeV, Dy = 1.42, ∆y = 0.79.

éuØÓ�¥%5-E (0%—5%�39%—81%), +

Þ���f½+Þq�f��z©O�: k=0.031,

0.065, 0.124, 0.210, 0.295. é A � χ2/dof © O �:

0.0461, 0.0587, 0.0420, 0.0171, 0.0265.

ã 3 7–7± 10.8AGeV �Uþ-E�)�f�

¯Ý©Ù

¢��´dE917Ü�|
[30]

ÿþ�¢�êâ, �%

��´¢%���7y = ycm ���:. �´^

Monte Carlo�{O��(J.

ã4 ´3¢�¿ëìXe, Y–Y±158AGeV/c

�Äþ¥%-E�)�f�¯Ý©Ù, p�IL«

"��f�¯Ý©Ù, î�Iy L«TëìXe�

f�¯Ý, ¢�´dNA49 Ü�|
[31]

ÿþ�¢�ê

â, �%��´�7¥%¯Ý���:. �L«

�´^n»¥�.©Û¿^Monte Carlo �{O�

�(J. dã4 �±wÑµn»¥�.���nØ

�U�NA49 Ü�|
[31]

ÿþ�¢�êâÄ�Î

Ü. ÏLO�����¢�êâ'�ÎÜ�ëê�

´: γ̄T = 590MeV, Dy = 1.80, ∆y = 1.06, k = 0.200,

χ2/dof = 1.1623.

ã 4 Y–Y±158AGeV/c�Äþ¥%-E�)�

f�¯Ý©Ù

¢��´dNA49Ü�|
[31]

ÿþ�¢�êâ, �%

��´¢%���7¥%¯Ý���:. �´^

Monte Carlo�{O��(J.

ã5 ´�%ëìXe, 1–1±200AGeV/c�Ä

þ¥%-E�)�f�¯Ý©Ù, p�IL«"��

f�¯Ý©Ù, î�Iy-ycm L«�%ëìXe�f

�¯Ý, Ù¥y L«¢�¿ëìX�¯Ý, ycm L«�

%X�éu¢�¿X�¯Ý. ¢�´NA35Ü�|
[32]

ÿþ�¢�êâ, �L«�´^n»¥�.©Û¿

^Monte Carlo�{O����(J. dã5wÑ: n

»¥�.©Û���nØ�U�NA35Ü�|
[32]

ÿþ�¢�êâÄ�ÎÜ. ÏLO�����¢�ê

â'�ÎÜ�ëê�´: γ̄T = 598MeV, Dy = 2.26,

∆y = 1.21, k = 0.230, χ2/dof = 0.0302.

ã 5 1–1±200AGeV/c�Äþ¥%-E�)�

f�¯Ý©Ù

¢��´dNA35Ü�|
[32]

ÿþ�¢�êâ. �

´^Monte Carlo�{O��(J.
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4 ?Ø

� 
 ' � � � � ë ê �, L 1 � Ñ 
 6, 8,

10.8AGeV 3 «UþeAu-Au-E¥+Þ�f��

z(k�)� ¥ % 5 � C z. � ± w Ñ, é ¥ % - E

(0%—5%)Ú>�-E (39%—81%)ó, +Þ�f

��z�\�Uþ�O�kO��ª³, �é�¥%

-E (5%—12%, 12%—23%, 23%—39%)5`, k ��

\�Uþ�Czª³Ø²w. Ï�L1�Ñ�3«U

þ�O��, dL1�Ñ�k'k ��\�Uþ�C

z5Æ=´ÐÚ�.

L 1 3«Uþe Au-Au -E¥+Þ�f�z (k

�)�¥%5�Cz

\�Uþ 0%—5% 5%—12% 12%—23% 23%—39% 39%—81%

6AGeV 0.010 0.064 0.116 0.178 0.232

8AGeV 0.020 0.075 0.117 0.162 0.240

10.8AGeV 0.031 0.065 0.124 0.210 0.295

L2 o(
éØÓa.¥%-E[Ü���ë

ê�. �±²wwÑ, �X\�Uþ�O�, -E�

ì�§Ý(d γ̄T £ã)O�, +Þ�f�¯Ý£Äþ

(Dy)!�¥%»¥�¯Ý£Äþ (∆y)±9+Þ�f

��z(dk �£ã)�O�. �±��, \�Uþ�$

�, 3�»¥é�C¶\�Uþ�p�, ��»¥Úq

»¥l¥%»¥��. �X\�Uþ�Jp, ��Ú

qØ¥��f�´Ñy3��«, Ly�+Þ�f�

�zO�.

L 2 ØÓa.¥%-E[Üëê��'�

-Ea. γ̄T/MeV Dy ∆y k

6AGeV Au-Au 145 1.13 0.72 0.010

8AGeV Au-Au 155 1.16 0.75 0.020

10.8AGeV Au-Au 165 1.42 0.79 0.031

158AGeV/c Pb-Pb 590 1.80 1.06 0.200

200AGeV/c S-S 598 2.26 1.21 0.230

3�©�9�U«, @�3�»¥��z��, ù

�@kn»¥�.
[20—22]

�?n��. 3�pU«, ¥

%»¥��z¬O�, $�¥%»¥�p�)äI�

�Ä, ù�, �NI�ü�½õ�¥%»¥. ¯¢þ,

�Ä�~õ¥%»¥�, »¥�.ÒuÐ¤
9zÎ

�.
[23—29]

.

3rf–rf-E¥, ë\örf=kü�, §�

��+Þâf3"�âf¥¤Ó�'~�Ø–Ø-E

k��ØÓ. Ï�érf–rf-Eó, �X\�U

þ�O�, "�âfOõ, ��U�+Þâfê�õ

E�ü�. éØ–Ø-E5`, �X\�Uþ�O�,

Ø�{��+�é~�, ë\ö�f�´¤�+Þâ

f; Ó�, Ø–Ø-E¥Ø��ë\r��A�¤¢�

*ö, �Ï\�UþO��, -u§ÝO�Ú?é-

EOõ��Ï, �z
�õ�+Þâf. L2¥ëêk

��\�UþO�O��5Æ, é�©�9U«�

Ø–Ø-Eó´�(�. L2¥�Ñ� γ̄T , Dy Ú∆y

��\�UþO�O��5Æ, �rf–rf-E

��.

5 (Ø

lã1—3ÚL1, 2�±wÑ, ^n»¥�.©Û

7–7©O±6, 8Ú10.8AGeV�Uþ¿3Ó�Uþe

±ØÓ�¥%5-E�)�f�¯Ý©Ù, U
éÐ

/�E917Ü�|
[30]

���¢�êâ�ÎÜ. ëê γ̄T ,

Dy Ú∆y ���X\�Uþ�O�O�, �3Ó�

Uþe, ëê��¥%5Ã'. 3�Ó\�Uþe, +

Þ�f��z�X¥%5�~�O�, +Þ�f

�ØÓ�z��
�f¯Ý�ØÓ©Ù/G. dã4

�, ^n»¥�.©ÛY–Y±158AGeV/c�Äþ-

E�)�f�¯Ý©Ù, U�NA49Ü�|
[31]

ÿþ�

¢�êâ�ÎÜ. dã5�, ^n»¥�.©Û1–1

±200AGeV/c�Äþ-E�)�f�¯Ý©Ù, Ø�

ê:	ÑU�NA35Ü�|
[32]

ÿþ�¢�êâ�Î

Ü. ��, n»¥�.U
¤õ/£ã3pUØ–Ø-

E¥�)�f�¯Ý©Ù.

pUØ–Ø-EL§��E,, �©�©Ûó�

�k��\, ��©�¿Â��k3:: (1) ò£ãr

f-EL§�n»¥�.
[20, 21]

��A^uØ-EL

§, ��
�¢�ÎÜ�(J, *Ð
n»¥�.�

·^��. (2) ëê γ̄T , Dy, ∆y ���-E�¥%5

Ã', �N
ØÓ¥%5¯~äk��ÓA�: é�

)�fó, �AXÚ�-uÚ*Ð§ÝØ�6u¥

%5. (3) +Þ�f��zé�)�f�¯Ý©Ùå

û½�^, ØÓ¥%5¯~éA�ØÓ¯Ý©ÙÌ�

d+Þ�f��zû½.
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Proton Rapidity Distribution in Nucleus-Nucleus

Collisions at High Energy *

MENG Cai-Rong1,2;1)

1 (Department of Physics, Xinzhou Normal University, Xinzhou 034000,China)

2 (Institute of Modern Physics, Shanxi Normal University, Linfen 041004, China)

Abstract The rapidity distribution of protons produced in nucleus-nucleus collisions at the Alternating Gradient

Synchrotron (AGS) and the Super Proton Synchrotron(SPS) energies are analyzed by the three-fireball model. The

calculated results with Monte Carlo method are in agreement with the experimental data of Au-Au collisions at different

centralities at 6, 8, and 10.8AGeV, Pb-Pb collisions at 158AGeV/c, and S-S collisions at 200AGeV/c.

Key words Au-Au collisions, Pb-Pb collisions, S-S collisions, rapidity distribution, three-fireball model
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