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1.1 �������*�

1997 �����k�������K�����[�T�^ /¡ QCD � fCh'¢k£¥¤ �§¦T¨�©/� ��/ª ¢k«2¬ ¦/­�©�®=¯°�'�a�C�'�a i¡;±[²O³[´ X ±Dµ UO¶i·$¸YX SU(2) �� � ¢ 1984 ��¹aº¼»a­$©V�½© @C¾i¿�ÀaÁ �lÂ�Ã ¬ �Ä� <�Å ¨ £�Æ;¶lÇ �¦�¨��È»=®^¯;Ã°�2Ã @ QGP ÉËÊCÌ X Ê ?ÎÍ ]�Ï UV?GÐ�¸^Ñ/ÒkÓ � Q/RiÔC£�KÕ�Ö�×ÄØ^Ù nÛÚ »=­�©È® �C�$ª ¶^@CÜ¥Ý Ï U½Þ�ß �Kà/á¥��® ¤ ¹l����$���;�Kâ�ãCä�á f/h �^Õ�Ö�×�Ø^Ù næå�ç ­$©Ä�/Ãl®Dè'é½�TêÈ»Y®Y¯Cë>;ì�í¼U ±$îa]Tï'ðk�[��±D²k³2´ X ±Vµ U^¶=ñ'ò ¨$�C� @�ó;ô �õ� íTX¸/X=Æ[ö Ãl®V��÷�éq��øù©õé M/ÝiJ'M/¶kúCû¥üký ©kþDÿ/����­$©�®DèDé¹�����¦��a¯� Ê
	 ]¥���^¡���
����^ë >;ì�í¼U ±$îa]D¹������ å���� Ø��������® ¤ ¹ @����¥ü ¨ f/h ØaºV»=­���® ¢ ± Í! ] ¶�" »Y® næÇ �§¦T¨/�;»
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®^¯+*C� zero � ¶-,�.0/�1 �Ä�32 n @ exp(−MB/T ) �T± Í- ] ¢!4�5V¬¦�­�©��/® ¤ � ¶ ¨/©��õø76�8$®k¯ ó;ô �k�¥��*��T� � Ê
	 ]��9�=¡¥�ë >Dì�íVU ±�îa];¹������;: ÿ=<�>VØ?��� Ã=® (1998 �¥�K �¡2��@0A+BC
,hep-lat/9810057) @�DD¶FE�GkÝiÑ�H�I �KJoÃO©�L0M¥¹-N��¥»�®^¯ó �-O @=P �Q� @ Wilson fermion �Ä� KS fermion ¹�R�SoÃ @ è EUT ©ÊÈÌ X ÊV
�� " � fCh Ã @�W$f Ø=X�Yi­ @ � ÊZ	 ]¥�9�=¡¥��[¥¹-\�] ·¸CX ���l¡;�-^�_;� fCha` º�»Y® ¢Y@�bac �ÈêT»Y®K¯ê���d @ ����ª � Q/R9e ¹=º n ø @gf : ÿ�<�>T� ¶!bgc-H »K® ¢Y@
h ÿ<�>�¹�± Í� ] ¢ ê�� ¶=i �9�9j�ø7kD»ÈÃ=l »Y®K¯;� � ¶=@mfnh ÿ�<0> ¶è E?GkÝ�Ñ�¢k<�Å © ¶=i ��ÂoÃ=�C� ¶ j�øpo¥»Y® ¢i@9q�r�D »=­��¥èDéø ©Äé ô ø½� f/h ���;øts ¤ ­=uQv���ê���L0M ¢=w �q¦T®k¯ 2001 �x:zy¹ BNL ��º���¦T® Quark Matter { UK|�} ´ U ]/� �C��ª ¹[è E H0~Ä¬¦È®^¯;É�OÈ�K�¼»k® ô ø HY¢�Ó ���È¹ ô �+�K���2Ø�� ¬ ¦�­�k E @ º Å��E ø `q< R0� ó éq�Tê[»Y®K¯ ó �=�¥¹/©$® H ©$®=�����¥¹ ¶K@0� � ¶ ��K����¹?����Ø����k®C©��K� I��°SÈX��Y¢!� �/¦�­$©�®K¯

1.2 � ���Z�Z��� QCD �;���� ¢¡
QCD £?¤�¥�¦�§�¨K¤�¥�©�§�ªK¨�«Q¬t­¯®�°�±g²´³�«Q¬µ­�®�°�¶+°9·0¸¹�ºm»?¼a½µ¾�¿gÀ�Á�Â�ÃÅÄ�Æ ±�Ç Â £�È�É¯Ê0Ë�Ì�Í ½�ÃFÎtÏ�Ð�Ñ�Ò ±�ÓÔ Ñ ¨�Õ�ÖÅ×�Ø�ÙQÚ+Û-Ü�Ý�Þàß)á0â�ã-ä�å ÑKæ�ç ¨ RHIC ª�£-è�é QCDêÅë Ä-ì9í ª ¾�¿�À�Á�Ä 170 ∼ 180MeV î9ïQã�°�·�¸0¦0§ ¹Vð ä ê Õ�ñÔ ½7ò ñ�² Á�Â�Ã�Ä-Æ»pÁ�ó ª�¨µ³�«�¬ô­Å®�°�£�õKö�Û0õ�÷ùø7Ù�Û�Þ¯ßVã�úVû!ü=ý ê�þ Ã õ!ö�Ûõm÷ÿø�Ù�Û!Þ ß ÷ ������� ½��
	!ÁÅÄ���
 ª�� Ä�½�ò ñà² Á0Â�� Ô Ñ ¨ þ� ã�ä�å�Ê ÷ È�É¯Ê��
�¯ã����¯£�¨ ú�û9ü�ý�ã���� ê � Ä È ¿
�
� ê?þÃ���
 ª�� Ä �"!�#�¹%$ ² ± ê'& Ç9Ç�� Ä?Æ�(�)+* ê�ë�, è�é QCD

ê�ë
, ì�ígÀ?Á Ô ø�ÙÅÛKÞ�ß.-�ã0/ #�1�2 - ×�ß4365�7!Û�8�£-¨+9�:+; ��<>=?A@ ËCB ë',EDGF ±à²�H F�I À Ë0J ¹�K & ¨ Shuryak

* £-¨ » Á�ó ª ê�L² Á�Â�ÃÅÄ�MÅÂ ã�N�O¯ã ( ªQPSR�T MU�
� ê?þ Ã NUO�ªV� Ä¯½XWEY & ÂÃ�Ä-Æ
©�§ ρ Z[� Ä=Ã £0\�]_^�`àß�a�b�Ù µ ¤Å¥�ã�c�ª QCD £?³�d ê�e�f Ë°�gih ¹kj Ç ½ ¾�¿�À�Á�Â�l , ¨ RHIC ¨ SPS ¨ KEK ª�ã?ä�å�¨ ( # é�mã�nUo�ËpB ½0q ã�r
s�ÉQÊ��U� Ñ þ � ³
d ê�t�u¯ê æ ®à² Á�Â�ÃÅÄ-Æwvx ã J-PARC ¨zy3Ý�{�ã SGI ª|R Ö�©0§ �

 ã?ä�r Ñ%}
~�À?Á0Â�Ã�Ä�Æ

2



Ö9©9§�ª�£?¨U�+��Ù4����é�ª�� Ä õ9ö-Û�õ ê�ë Ä ����Ù4� Ð�Ñ õ0ö�Û�õ� ê�������� ã Ô ® ê������¯ê Ë , ¨ õ�ö!Û�õ Ñ õ�Û���Û�� ¹A� Ó ÂQ�� & ¨E� � Û�Õ���� ��
 ½ ÃFÎ�� & Ã��U
�Ñ ä�r ¼�ÄÅ»�½�Ñ È�ÉQÊ ê Ò� K_��À�Á�Â�Ã�Ä?Æ�ó Ô ¨+�0©0§ ¹ � ñ Ä�� §�ã�©�§�ª�Rp¨ QCD ã'R=Ó½ R Ü
�¯Ë��
� # ª"� Ä ��Ý � Ù��
� # ã ú u Ê�� Á�Ñ%�
  Ê ê�¡Q¢S&Â�Ã�ÄÅ»�½7Ñ ¤
£
¤
¥Åª KaÀ?Á�ÂUl , ¨ » ã ½i� ¨�¦Qõ§3 Ù ( � é�ã�O¨ ã�©�ª�ËCBµ¨U«¬y65�ß�ã®­U¯ ê®° � Ë�±�² Ñ%³ ² Á�Ä��_!�#�Ñ � Ä-ÆÕ�Ö�¦�ª�ã"´
µU¶�ã�° �

 ê Ç Ã0Â ¨0è�é|´
µ�¶�a'�Q·C¸ ÛUa4¹Kß�£
R9Ó ½ R Ò � Ë�ºU»�¼
½ ½ & Â °0·�¸�¦�§0¨�×�Ø!Ù¯Ú�Û�©�§ * ê Ç Ã�Â¾Ux Ê�Ë�¿�Û_À ¹ ÁUÂ & ¨ þ � ¨�¤Q¥K¦0§ ÷ ¤¯¥�©�§�ª�ã�°0·�¸
ÃÄRÆÅÇ ê $ ²7± ê Ë , Ç�Ç_� Ä�Æ�ÈÊÉ £�¨ »?Á ²�ã�Ë � ]¯Ê�Ì�Í�±a² À ² êæÏÎ ª=¨0ä�åÅÊ ê o � À-Á�Ä «¬y�5�ß�ã�­�¯ Ã ¨ ¼ ËiÐÏÑ�¤Q¥!¦�§ ÷ ¤¥�©�§�ª�ã�õ�ö?Û�õ � ^�`�ß�a�b Ù�¨�«Òy�5�ß-ãAO ¨ ¨�õ0ö?Û�õm÷ÿø�Ù�ÛÞgßÆ-�ã�Ó�Ô 1
2 ¨ ø�ÙÅÛ+Þàß ½ õ�ö!Û�õ�ã � 5®�_Õ�ÛVÀ+ã�­ Ä ¯ ÃÅ¹ËpB ¹�ì0í & ¨
Ö�¥ �

 ª�ã�õ�ö!Û�õ ÷ ø-Ù�Û�ÞàßÆ-�¨ q ã�× � - ½ &Â ã�«¬y65�ß�ã�N�È�r
s ¹ º $=¼�Ä�»�½!¹_Ø6Ù & Â �
� ¹7æ ® ÂÏ� Ô Æ

1.3 Ú Û�ÜÊÝCÞ�ßáà�âäã Ýpåäæ|çÒè�éÒêìë'íäî
è�é QCD ãUa'�%·�¸7ÛUa|¹=ß ª�£�¨  �ï|ð�2
Z = Tr e−β(H−µN) =

∫

DUDψ̄Dψ e−βSG−ψ̄∆ψ =
∫

DU det ∆ e−βSG . (1)

ã�ñ   ¹%ò ßA`V�KÙ�5®½�ªió ÎpÑ ¨EôQõ¯ã��U�?Ùö� Þgß÷ó
ø�õ ÑiùUú�2ê Ë�Ó Â & ó�Î Ô ®?¨Aû
d�ã det ∆ e−βSG/Z
¹ ð+ü ½)¼ÅÄVì+í ¹ ó Î!»�½Ñ ª � Ë Ã+Æ�ý ¦�§�¨ ° \�]'^
`àß%aUb?Ù�þ
ÿÅª�£ det ∆ £�� &'� ­��¼�Ä-Æ

ÈáÉ ã�ø-ÙÅÛ � ª�£ µ = 0 ª�ã�«¬y�5�ßkO ¨ ã µ
êÅë Ä��� à¹ o � ¼Ä `�Û � Û��	�%½ ¹ � uS& ¨ Tc ã þ�
 ªK¤�¥�ãUa�ø��9Ù Ñ�
 ² Á�Ä�»�½¹�K & ÂÏ� Ô Æ

G(z) = A(e−Mz + eM(Lz−z)) (2)

=
1

Z

∫

DU H(z)H†(0) e−βSG−ψ̄∆ψ

=
1

Z

∫

DUM(z) det ∆ e−βSG , (3)
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»�» ª H(x) = ψ̄(x)Γψ(x) £ ( � é�ãKÞ��w¸�ÛUÀ ¨ M(z) £ ( � é�ã � 5
�_Õ�ÛVÀ�ª�� Ä�Æ�»VÁ�¹��� �¼�Ä�»�½ êÅë�, ¨

1

G(z)

dG(z)

dµ
=

1

A

dA

dµ
+
dM

dµ

{(

z −
Lz
2

)

tanh
[

M
(

z −
Lz
2

)]

−
Lz
2

}

, (4)

1

G(z)

dG(z)

dµ
=

〈

Ṁ +M
∆̇

∆

〉

− 〈M〉

〈

∆̇

∆

〉

, (5)

¹�
�Ä-Æ �9é
- ê Ç Ã9Â R�����Ë�õ ¹�
 Ä�»�½�Ñ ª �9Ä-Æ
õ (4)= õ (5) ±�²�O ¨ ã���� �� �Ñ���ó�Ä?Æ H�� ��  R���� ê ��ó�Ä?Æ( � é ê � & Â £�¨ D � ��  £��E5!ª"� Ä�»�½�ÑQK��QÄ-Æ
12 × 12 × 24 × 6 ã�è9é���Ý � ¨���¸7Ý� ÅÛ 2 H�ã KS ���?ÙÄ�7Þ ßVª2 J�aE��·�¸7ÛUa|¹�ß ¹ ó Ó Â�Ã�Ä?Æ õ�öKÛ�õ�O ¨ £ ma = 0.10, 0.05

½
0.025

Æ�!�� Ê ê ¨#"Åý�� � Û ( � é0¨�¦�õw3 Ù ( � é�ã�ýÅõ = Û#$¯ß=ø
O ¨ ã �+ ¯¹�% Ý'&k¦�õÄ3zÙQ¥�¨ % Ý'& ý�� � ÛA¥ ê � & Â�ì+í & ¨ Tc ã( ½ ô�¨ ¼ ËQÐ'Ñ=«Q¬t­�®�° ½ ³�«Q¬t­�®�° ê l*)�Ä ­ Ä ¯ Ã�¹,+�- Ô Æþ � ¨�Ö�×�ØKÙ�Ú�Û�Ü¯Ý+Þ�ßpá�â ½�ð�. & Â ¨ % Ý/& ¦Qõ>3 Ù�¥¯ã�°
g�h Ñ�Ã'0+Ã*0 Ë ò ¿�Ù ê�ë Ó Â�+�- ² Á�Â�Ã�Ä!Ñ ¨�\�]�^�` ß%aUb?Ùã I À�Ã þ�ÿÅª*1�2�3 ê�46587 ³:9<;�= 5�>Ä&�?A@CB/D ��E O ¨GF \�]
^
`AH�a�b�I6J�K	L6M�N�O PRQ<� �8S�T 1 B	U J�V 9C; M*WYX�J�Z\[ =4]5�7_^ ;8` 5 M >=�a B_b8cedgf�h�i�j J Y. Liu

a W�k I.Pushkina
7�lemenpo/frq8st@

` 5 M >

2 17
u v w x y z {

b8|8}6~'� ;'��� F�� i��ef,�8�t@�B]����i������
m=0.025

��� F��
� f��'5�B �#��� E J�� 5 `g� � i*�ef�q8s�@ � >U

3
~�B

ma = 0.10, 0.05 J a�� M��e�e� E6F��8� ��� ��� M > ��� M >� j����ei�D�� E*�#� ~�Be p¡ �\¢�£ ����i�� F�¤	¥ ��¦p§ J�¨Y©«ª�W
X�J�V'¬*M >U

4
~�Be�e­�� I�®'¯ frq]° ��± F B � je����i�B�hY�t² I D�� E6F��� �e�«³�´ F Q<µ�¶ S F �e­*� I�®Y¯ �*� M >
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