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ūpd̄, |uus〉= b̄p2
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Ns = B (3p3
s +2p2

spu +2p2
spd +p2

ups +p2
dps +pupdps)+
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pūpd̄ps̄

pupdps

,

Ξ̄+(d̄s̄s̄)

Ξ−(dss)
=

B̄

B

pd̄p
2
s̄

pdp2
s

,
Ξ̄0(ūs̄s̄)
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p̄(ūūd̄)

p(uud)

K0(ds̄)

K̄0(d̄s)
,

Σ̄+(d̄d̄s̄)

Σ−(dds)
=

p̄(ūūd̄)

p(uud)

K+(us̄)

K−(ūs)
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pūps

,

d2 =

[

Ξ̄+(d̄d̄s̄)

Ξ−(dds)

p(uud)

p̄(ūūd̄)
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=
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=
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=
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K−(ūs)

)2
K0(ds̄)

K̄0(d̄s)
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=
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SPS Pb + Pb-E¢�
[9]

�Ñ�(Jd1 = 1.9± 0.3,

d2 = 1.89±0.15�d6 = 1.76±0.20´Cq���~ê.

·��ýó�ù�¢�(J´Ä����. CERN

SPS�Pb+Pb-E�¢�(JL²§�u(d)�AÇ

�u�§� ū(d̄)�AÇ, ù�´\�Øf��À�§
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U
�¢���'��ê�(J.

3 �éØ­lf-E¥�­f�­f

'Ç

�éØ­lf-EL§rfzc�§��§�X
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d �ÛÉ³�Ïf. Ï

�§�AÇ´8��: p′
u +p′

d +p′
s = 1, ±9u, d§�

��)AÇ��: p′
u = p′

d(= p′
q), Ïd��³�Ïfλs

(½, K#)§��AÇ��(½. Ï��éØ­l

f-E¢�"��>âfõ­ê 〈nch〉�~p, L²r

fzc§�ê8�~�, �±@�\�Øf���Ð

©��u�d§��êþCq��. ^Nq L«ù
À

§��éê, ^N L«o�§�éê, K²þuds��

§��AÇ©O´

pu = pd =
(N −Nq)p

′
u +Nq

N
=

(

1− Nq

N

)

p′
u +

Nq

N
,

ps =
(N −Nq)p

′
s

N
=

(

1− Nq

N

)

p′
s;

(14)


�§��AÇK´

pū = pd̄ =
(N −Nq)p

′
ū

N
=

(N −Nq)p
′
u

N
=

(

1− Nq

N

)

p′
u,

ps̄ =
(N −Nq)p

′
s̄

N
=

(N −Nq)p
′
s

N
=

(

1− Nq

N

)

p′
s.

(15)

��§�²þAÇ�dÀ§�éêNq �o§�éê

N �'�Nq/N ±9ÛÉ³�Ïfλs 5(½. du-

EØf����À§�ud, ±þüªL²§�u(d)A

Ç�u�§� ū(d̄)�AÇ: pu = pd > pū = pd̄, Ï�#

)§�!�§��AÇ��, ¤±²þÛÉ§��§

�AÇ���, =kps = ps̄. ±þ§���§��A

ÇØUüÕ8�z, 
÷v“8�z“^�

∑

q

pq +pq̄ = 2 (16)

|^ (14), (15), Uì (1), (2), (3)�5K, �±���

«�)rf��Ç, e¡Þ~`²�)­fõ­ê�

'Ç�Nq/N , λs �'X

p̄(ūūd̄)

p(uud)
=

B̄

B

[

(N −Nq)p
′
q

(N −Nq)p′
q +Nq

]3

Λ̄(ūd̄s̄)

Λ(uds)
=

B̄

B

[

(N −Nq)p
′
q

(N −Nq)p′
q +Nq

]2

Ξ̄+(d̄d̄s̄)

Ξ−(dds)
=

B̄

B

(N −Nq)p
′
q

(N −Nq)p′
q +Nq

(17)

ª¥B � B̄ ´²þ­fõ­ê��­fõ­ê. Ï�

o�§�êþ�u�§�êþ, K¤á B̄ < B, Ïdþ

ª�'Ç7,�u1. �Ó��{�±�Ñ�)­f

õ­ê�·Ü'Ç

Λ̄/Λ

p̄/p
=

(N −Nq)p
′
q +Nq

(N −Nq)p′
q

Ξ̄+/Ξ−

Λ̄/Λ
=

(N −Nq)p
′
q +Nq

(N −Nq)p′
q

Ω̄+/Ω−

Ξ̄+/Ξ−
=

(N −Nq)p
′
q +Nq

(N −Nq)p′
q

(18)

��¤k'ÇÑ�±L«¤Nq/N �λs �¼ê. ��

��U
���¢�'��"�õ­ê'Ç, ���

Ä��âf�PC�z.

�­lf-Eo��)N é§�, �)\�Øf

���Nq éÀ�§�ud, ��)#)�uds��§

�, ©O^Nu, Nd �Ns L«#)�uū,dd̄� ss̄§��

éê (Ï�#)§�´¤é�)�,��§�êþ�

�), K÷v'X

N = Nu +Nd+Ns +Nq, (19)

Ù¥#)��ud§�éê��

Nu = Nd, (20)

ÛÉ§� s��ÛÉud§��)AÇ�'�ÛÉ³�

Ïf

λs =
2ps

pu +pd

=
2Ns

Nu +Nd

=
Ns

Nu

, (21)

�#)�§� ū(d̄)�¤ku(d) (�)#)��-EØ

f���·§�)§��'��

α =
ū

u
=

d̄

d
, (22)

|^±þªf�±(½ÑÀ§�éêNq. pUpp

�A²þ�>âfõ­ê�²þ§�éêCq�

� 〈nch〉 ≈ 〈N〉, �±@��éØ­lf-Eù�

Cq'XE,¤á. PHOBOS¢�|
[10]

�Cÿþ



√

SNN = 19.6, 130, 200GeV Ø Ó ¥ % Ý � � >

âfõ­ê, Ù¥130GeV��¥%-E�(J´

〈nch〉 = 4100± 210, � ± � N ≈ 4100. Û É ³ �

Ïfλs ��QGP�3�&Ò��, Ù¥¢�
[11]

ÿ

þ
¥þ0fõ­ê'Ç K̄∗0/K∗0 = 0.92± 0.14,

φ/K∗0 = 0.49± 0.05± 0.12, Uì0f�§�Å¼ê

�±í�Ñλs ≈ 0.5, ²w' e+e− �v¢����

λs ≈ 0.3p. 3e¡�O�¥�λs ��«ØÓ�ê�

?1é'. STAR¢�
[12]

�Cÿþ
��f��f

õ­ê'Ç� p̄/p ≈ 0.71, Uì�f�§�Å¼ê,

�±í�α ≈ 0.90. |^±þ (19)—(22)Ò�±��

130GeV�À§��éêNq, O�L²�éo�§�

éêNq ´�~��þ.
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Uì±þ?Ø, �±O��«�rf�rf�'

Ç. e¡L¥�Ñ�ØÓλs ���©�ýó�¢�(

J�'�.

L 1 �­f�é­f'Ç�STAR¢�
[13]

�'�

­f ÛÉ³�Ïfλs STAR

a. 0.3 0.4 0.5 0.6 0.7 ¢�

p̄/p 0.71 0.71 0.72 0.72 0.73 0.71±0.01±0.04

Λ̄/Λ 0.78 0.78 0.78 0.79 0.79 0.71±0.01±0.04

Ξ̄+/Ξ− 0.85 0.85 0.85 0.84 0.84 0.83±0.04±0.05

Ω̄+/Ω− 0.95 0.95 0.95 0.95 0.95 0.95±0.15±0.05

�±wÑéuØÓ�λs �, �©ýó�'� Λ̄/Λ

Ñ'¢��p. 
ýó�Ù¦'�Ñ3¢�Ø���

S�¢���.

L 2 K0f'Ç9­f·Ü'Ç�STAR¢�
[13]

�'�

âf ÛÉ³�Ïfλs STAR

a. 0.3 0.4 0.5 0.6 0.7 ¢�

K+/K− 1.074 1.084 1.092 1.099 1.105 1.092±0.023

Λ̄/Λ

p̄/p
1.10 1.10 1.09 1.09 1.09 0.98±0.09

Ξ̄+/Ξ−

Λ̄/Λ
1.09 1.09 1.08 1.07 1.07 1.17±0.11

Ω̄+/Ω−

Ξ̄+/Ξ−
1.12 1.12 1.12 1.13 1.13 1.14±0.21

Ó��±wÑ, Ï�'� Λ̄/Λ'¢��p, Ïd

Λ̄/Λ

p̄/p
�²w'¢�(J p, 
Ù¦¤k'Ç3Ø�

��SÑ�¢���.

L 3 0f'Ç�STAR¢�
[14]

�'�

âf ÛÉ³�Ïfλs STAR

a. 0.3 0.4 0.5 0.6 0.7 ¢�

φ/K∗0 0.27 0.36 0.44 0.53 0.62 0.49±0.05±0.12

K+/π− 0.132 0.144 0.154 0.161 0.167 0.161±0.002±0.024

K+/π+ 0.123 0.133 0.141 0.147 0.151 0.146±0.002±0.022

Ó�wÑ, =3λs=0.3�, 'Çφ/K∗0 �K+/π−

²w $¢�	, Ù¦¤kýóÑ3Ø���S�¢

���.

|^±þ(J��O�RHIC¢�130GeVUþ

�­f·Ü'Ç (=ª(13)¥�d). e¡L¥�ÑO

��d�λs Cz�ýó. �,­f·Ü'Ç�ÛÉ³

�Ïfλs 
UC, �ª(13)¥�Ñ�6«­f·Ü'

ÇÑ´�Ó�~ê. 
�ù
·Ü'ÇÑ'CERN

SPS�¢�(J $, ù´Ï�RHIC¢�\�Øf

���À§�éê $Úå�.

L 4 ­f·Ü'Ç

λs 0.3 0.4 0.5 0.6 0.7

d 1.24 1.27 1.31 1.34 1.37

4 �(�?Ø

�éØ­lf-E�rfzL§´�~E,��

vk)û�¯K. �,k�ïÄ3§�|Ü�.µe

eÏLM.CO�)º
Ü©¢�, �©¥J9�“¿

	”y�8c��U��|Ü�.�Ñ)º, �X¢�

��\?1, �¬ÑyNõ#�y�, ù¬énØ©

ÛJø�õ­�&E, �¬é�«rfz�.�Ñ?

�Úu�, Ïd�\�&¢©Û�ïÄE,´�©q

ã�¯K. �©3§�|Üã�e, í�����­

f!­f·Ü'Ç´��!�§�AÇk'�~ê,

¤ýó�ù��u1�~ê�CERN SPS¢�(JÄ

�¬Ü. 3dÄ:þ, �Ä
\�Øf��À�ud§

�ù�Ä�¯¢, �Ñ²þ§�!�§�AÇ�L«

ª, Ï�§�AÇ�u�§��AÇ, 7,���­

f�­f'Ç�u1. ØI�Ù¦?Û�	b½, =I

�d¢�êâ¼�À§��o�§��'Ç, ���

�«��âf'ÇÄ��RHIC�
√

SNN = 130GeV

�Au+Au-E�STARÜ�|�¢�(J��. 3

ù�:þL²§�|Ü�.´¤õ�. ,��¡·�

�O�L², ��QGP&Ò���ÛÉ³�Ïfλs

é��âf'ÇK�Ø�, ½ö`��âf'Ç�Ø

U
éÛÉO��Ñ�ä.

¯¢þ, �éØ­lf-E´�~E,�L§.

AO´�9�QCD�C�¯K, Ä��ÔnÅ�¿Ø

�Ù, |Ü�.�Ø�U�«ù�E,�r�p�^

L§. 
8c¤k|Ü�.��´é¥îÄþ«�r

fz(J�Ñ
)º, �NL²8cUþeE,´r

fz�Ì�Å�. ý�n)�éØ­lf-E�Ôn

Å�I���\�î�nØ©Û�¢�ïÄ. �?�

ÚuÐ��õ§�|Ü�., )º�ýóRHIC�õ

�rfz¢�, &¢ù�E,L§�rfz5�, �

´�©7��.

�ö©%a��
º=Æ¬kÃ�?Ø�Jø�

�Ï.
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Anti-Particles-to-Particles Ratios in Au+Au

Collisions at
√

SNN =130GeV

LIU Xi-Ming

(Departiment of Physics, Shandong University, Ji’nan 250100, China)

Abstract In virtue of the simple physical picture of quark combination model, we determine the dependence of

anti-particle to particle ratios on the mean production probability of anti-quarks and quarks. The ratios of various

anti-particle to particle at relativistic heavy ion collisions are calculated without any additional assumption, which are

consistent with the experiment results of the Au+Au collision at
√

SNN =130GeV measured by STAR collaboration at

RHIC. These results provide a basis for further studies of particles ratios in relativistic heavy ion collisions.

Key words relativistic heavy ion collision, quark combination model, antiparticles-to-particles ratios
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