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� Í¨μ´ ²Ó´μ£μ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ Í¥´É·  ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, ƒ ÉÎ¨´ , �μ¸¸¨Ö

ˆ¸¸²¥¤μ¢ ´¨Ö, ¶·μ¢¥¤¥´´Ò¥ ´  ±μ²² °¤¥·¥ RHIC, ¶μ§¢μ²¨²¨ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ¡
μ¡· §μ¢ ´¨¨ ¸¨²Ó´μ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥° ±¢ ·±-£²Õμ´´μ° ¶² §³Ò (Šƒ�) ¢ Í¥´É· ²Ó-
´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥·. ˆ§ÊÎ¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨°  ¸¨³³¥É·¨Î´ÒÌ Ö¤¥·
(Cu +Au ¨ U+ U) ¶μ§¢μ²Ö¥É ¶·μ¢¥¸É¨ ¸¨¸É¥³ É¨Î¥¸±μ¥ ¨§ÊÎ¥´¨¥ ÔËË¥±É  £ Ï¥´¨Ö
¸É·Ê°, ±μÉμ·Ò° Ö¢²Ö¥É¸Ö μ¤´μ° ¨§ ¸¨£´ ÉÊ· μ¡· §μ¢ ´¨Ö Šƒ�. ‚ ¤ ´´μ° ¸É ÉÓ¥
¶·¥¤¸É ¢²¥´Ò Ë ±Éμ·Ò Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ ¤²Ö π0- ¨ η-³¥§μ´μ¢ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ
Cu+Au ¨ U+U ¶·¨ Ô´¥·£¨¨ 200 ƒÔ‚, ¨§³¥·¥´´Ò¥ ¢ Ô±¸¶¥·¨³¥´É¥ PHENIX ´  ±μ²-
² °¤¥·¥ RHIC.

Production of QuarkÄGluon Plasma (QGP) has been established in central heavy-
ion collisions at RHIC energies. Recent RHIC run with asymmetric collision systems
(Cu +Au, U+U) provides the means to systematically study suppression pattern of
hadrons in different nuclear overlap geometry needed to improve theoretical description
of parton energy loss in QGP. The recent results from PHENIX experiment at RHIC on
π0- and η-meson production in Cu +Au and U +U collisions at 200 GeV are presented.
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¶¥·¥Ìμ¤ ·¥ ²¨§Ê¥É¸Ö ¶·¨ É¥³¶¥· ÉÊ·¥ 150Ä200 ŒÔ‚, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¶²μÉ-
´μ¸É¨ Ô´¥·£¨¨ ∼ 1 ƒÔ‚/Ë³3 [1]. �±¸¶¥·¨³¥´É ²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ Ë §μ¢μ£μ
¶¥·¥Ìμ¤   ¤·μ´´μ° ³ É¥·¨¨ ¢ Šƒ� ¨ ¨§ÊÎ¥´¨¥ ¸¢μ°¸É¢ ´μ¢μ£μ ¸μ¸ÉμÖ´¨Ö ¢¥-
Ð¥¸É¢  ¶μ§¢μ²ÖÉ ²ÊÎÏ¥ ¶μ´ÖÉÓ ¶·μÍ¥¸¸Ò Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ°, ¸É·μ¥´¨¥ ´¥°-
É·μ´´ÒÌ §¢¥§¤,   É ±¦¥ ¶·μ¢¥·¨ÉÓ μ¸´μ¢Ò ËÊ´¤ ³¥´É ²Ó´μ° É¥μ·¨¨ ¸¨²Ó´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨° Å ±¢ ´Éμ¢ÊÕ Ì·μ³μ¤¨´ ³¨±Ê. „μ¸É¨£´ÊÉÓ ¢ ² ¡μ· Éμ·´ÒÌ
Ê¸²μ¢¨ÖÌ ¶²μÉ´μ¸É¥° Ô´¥·£¨°, ¤μ¸É ÉμÎ´ÒÌ ¤²Ö μ¡· §μ¢ ´¨Ö Šƒ�, ¢μ§³μ¦´μ
¶·¨ ¨§ÊÎ¥´¨¨ ¢§ ¨³μ¤¥°¸É¢¨° ÉÖ¦¥²ÒÌ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·. „²Ö ÔÉ¨Ì Í¥²¥°
¨¸¶μ²Ó§ÊÕÉ Ê¸±μ·¨É¥²¨ ´  ¢¸É·¥Î´ÒÌ ¶ÊÎ± Ì. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö μ¤´¨³ ¨§
μ¸´μ¢´ÒÌ Ê¸±μ·¨É¥²¥°, ¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö ¨§ÊÎ¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨° ÉÖ¦¥-
²ÒÌ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·, Ö¢²Ö¥É¸Ö Ê¸±μ·¨É¥²Ó ´  ¢¸É·¥Î´ÒÌ ¶ÊÎ± Ì RHIC
¢ BNL (‘˜�) [2]. Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ÉÖ¦¥²ÒÌ Ö¤¥· ´ 
±μ²² °¤¥·¥ RHIC ¸μ¸É ¢²Ö¥É 200 ƒÔ‚. �¥¸±μ²Ó±μ ²¥É ´ § ¤ É ±¦¥ ´ Î ² ¸¢μÕ
· ¡μÉÊ ±μ²² °¤¥· LHC ¢ –…�� (˜¢¥°Í ·¨Ö), ¶μ§¢μ²¨¢Ï¨° ¸ÊÐ¥¸É¢¥´´μ ¶μ-
¢Ò¸¨ÉÓ Ô´¥·£¨Õ ¢§ ¨³μ¤¥°¸É¢¨Ö ÉÖ¦¥²ÒÌ Ö¤¥·. ˆ¸¸²¥¤μ¢ ´¨Ö, ¶·μ¢¥¤¥´´Ò¥
´  ±μ²² °¤¥·¥ RHIC ¨ ¶μ§¦¥ ´  ±μ²² °¤¥·¥ LHC, ¶μ§¢μ²¨²¨ ¸¤¥² ÉÓ ¢Ò¢μ¤
μ¡ μ¡· §μ¢ ´¨¨ ¸¨²Ó´μ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥° Šƒ� ¢ Í¥´É· ²Ó´ÒÌ ¸Éμ²±´μ¢¥-
´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ [3].

‘μ£² ¸´μ ¸μ¢·¥³¥´´Ò³ É¥μ·¥É¨Î¥¸±¨³ ¶·¥¤¸É ¢²¥´¨Ö³ ¦¥¸É±μ¥ · ¸¸¥Ö-
´¨¥ ¶ ·Éμ´μ¢ ¶·μ¨¸Ìμ¤¨É ´  ¸ ³ÒÌ · ´´¨Ì ¸É ¤¨ÖÌ ¢§ ¨³μ¤¥°¸É¢¨Ö Ö¤¥·.
�μ¸²¥ · ¸¸¥Ö´¨Ö ¢Ò¸μ±μÔ´¥·£¥É¨Î´Ò¥ ¶ ·Éμ´Ò · ¸¶·μ¸É· ´ÖÕÉ¸Ö ¢ ¶²μÉ´μ° ¨
£μ·ÖÎ¥° Í¢¥Éμ¢μ° ¸·¥¤¥,  ¸¸μÍ¨¨·Ê¥³μ° ¸ Šƒ�, ¨ ¶·¨ ÔÉμ³ É¥·ÖÕÉ ¸ÊÐ¥¸É¢¥´-
´ÊÕ Î ¸ÉÓ ¸¢μ¥° Ô´¥·£¨¨ ¢ ·¥§Ê²ÓÉ É¥ ¨§²ÊÎ¥´¨Ö £²Õμ´μ¢ ¨ ³´μ£μ±· É´μ£μ
¶¥·¥· ¸¸¥Ö´¨Ö. �´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ¶ ·Éμ´μ¢ ¶·¨¢μ¤ÖÉ ± Ê³¥´ÓÏ¥´¨Õ
¢ÒÌμ¤  ¸É·Ê° ¨ ²¨¤¨·ÊÕÐ¨Ì  ¤·μ´μ¢ ¸ ¡μ²ÓÏ¨³¨ ¶μ¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨.
�Î¥¢¨¤´μ, ÎÉμ ¨§ÊÎ¥´¨¥ Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¶ ·Éμ´μ¢ ¨ ¨Ì § ¢¨¸¨³μ¸É¨ μÉ
¤²¨´Ò ¶·μ¡¥£  ¢ ¸·¥¤¥ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ´μ¢Ò¥ ¤ ´´Ò¥ μ ¸¢μ°¸É¢ Ì Šƒ�,
¢ ±μÉμ·μ° μ´¨ · ¸¶·μ¸É· ´ÖÕÉ¸Ö. „μ ¸¨Ì ¶μ· ÔËË¥±É £ Ï¥´¨Ö ¸É·Ê° ¨§Ê-
Î ²¸Ö Éμ²Ó±μ ¢ ¸¨³³¥É·¨Î´ÒÌ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¸¨¸É¥³ Ì, É ±¨Ì ± ± ¢§ ¨-
³μ¤¥°¸É¢¨Ö Cu+Cu, Au +Au ¶·¨ Ô´¥·£¨¨ 22,4Ä200 ƒÔ‚ ´  RHIC ¨²¨ ¢μ
¢§ ¨³μ¤¥°¸É¢¨ÖÌ Pb + Pb ¶·¨ Ô´¥·£¨¨ 2,76Ä5,02 ’Ô‚ ´  LHC. �μ¢Ò¥ ¤ ´´Ò¥,
¶μ²ÊÎ¥´´Ò¥ ¢ Ô±¸¶¥·¨³¥´É¥ PHENIX ¶·¨ ¨§ÊÎ¥´¨¨ ¸Éμ²±´μ¢¥´¨° Cu+ Au ¨
U +U ¶·¨ Ô´¥·£¨¨ 200 ƒÔ‚, ¢¶¥·¢Ò¥ ¶μ§¢μ²ÖÉ ¨§ÊÎ¨ÉÓ ÔËË¥±É £ Ï¥´¨Ö ¸É·Ê°
¢  ¸¨³³¥É·¨Î´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥·. ˆ´É¥·¥¸ ± ¶μ¤μ¡´Ò³ ¢§ ¨-
³μ¤¥°¸É¢¨Ö³ ¸¢Ö§ ´ ¸ Ê´¨± ²Ó´μ¸ÉÓÕ ±μ´Ë¨£Ê· Í¨¨, ¢μ§´¨± ÕÐ¥° ¢ μ¡² ¸É¨
¢§ ¨³μ¤¥°¸É¢¨Ö ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·. ‚ ¸²ÊÎ ¥ Í¥´É· ²Ó´ÒÌ ¸Éμ²±´μ¢¥´¨°
Cu+ Au ³¥´ÓÏ¥¥ ¶μ · §³¥· ³ Ö¤·μ ³¥¤¨ ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ ¶μ£²μÐ -
¥É¸Ö ¢´ÊÉ·¨ Í¥´É· ²Ó´μ° ¨ ´ ¨¡μ²¥¥ ¶²μÉ´μ° Î ¸É¨ Ö¤·  §μ²μÉ . ‚ μÉ²¨Î¨¥
μÉ ¢§ ¨³μ¤¥°¸É¢¨° μ¤¨´ ±μ¢ÒÌ ¶μ · §³¥·Ê ÉÖ¦¥²ÒÌ Ö¤¥· ÔÉμ ¶μ§¢μ²Ö¥É ÔË-
Ë¥±É¨¢´μ · §¤¥²¨ÉÓ ÔËË¥±ÉÒ, ¸¢Ö§ ´´Ò¥ ¸ μ¡· §μ¢ ´¨¥³ ¶²μÉ´μ° ¨ £μ·ÖÎ¥°
¸·¥¤Ò, μÉ ÔËË¥±Éμ¢, ¶·¨¸ÊÐ¨Ì μ¡ÒÎ´Ò³ ´Ê±²μ´-´Ê±²μ´´Ò³ ¸Éμ²±´μ¢¥´¨Ö³.
Š·μ³¥ Éμ£μ, ¢ ¶μ²ÊÍ¥´É· ²Ó´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ Cu+ Au μ¡² ¸ÉÓ ¶¥·¥±·ÒÉ¨Ö
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Ö¤¥· ¨³¥¥É ´¥¸¨³³¥É·¨Î´ÊÕ Ëμ·³Ê, É¥³ ¸ ³Ò³ ¨§³¥´ÖÖ ¸·¥¤´ÕÕ ¤²¨´Ê ¶·μ-
¡¥£  ¶ ·Éμ´  ¢ ¶²μÉ´μ° Í¢¥Éμ¢μ° ¸·¥¤¥ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¥£μ Ô´¥·£¥É¨Î¥¸±¨¥
¶μÉ¥·¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ ´ ¶· ¢²¥´¨Ö ¥£μ ¤¢¨¦¥´¨Ö.

‚§ ¨³μ¤¥°¸É¢¨Ö Ö¤¥· Ê· ´  ¶·¥¤¸É ¢²ÖÕÉ ¡μ²ÓÏμ° ¨´É¥·¥¸, É ± ± ± Ëμ·-
³  ¥£μ Ö¤¥· ´¥ Ö¢²Ö¥É¸Ö ¸Ë¥·¨Î¥¸±¨ ¸¨³³¥É·¨Î´μ°. ‚ ·¥§Ê²ÓÉ É¥ Î¥£μ ¸É -
´μ¢ÖÉ¸Ö ¢μ§³μ¦´Ò ¤²Ö ¨§ÊÎ¥´¨Ö ´μ¢Ò¥ · §²¨Î´Ò¥ ±μ´Ë¨£Ê· Í¨¨ Ö¤¥·, ¢ Éμ³
Î¨¸²¥ É ±¨¥, ¢ ±μÉμ·ÒÌ ¤μ¸É¨¦¨³ Ö ¶²μÉ´μ¸ÉÓ Ô´¥·£¨¨ μ± §Ò¢ ¥É¸Ö ¢ÒÏ¥,
Î¥³ ¢ Í¥´É· ²Ó´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ Au+ Au.

�μ¢Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ, μ¦¨¤ ¥³Ò¥ ¶·¨ ¨§ÊÎ¥´¨¨ ÔËË¥±É 
£ Ï¥´¨Ö ¸É·Ê° ¢ ¸Éμ²±´μ¢¥´¨ÖÌ Cu +Au ¨ U +U, ¶μ§¢μ²ÖÉ ¶·μ¢¥·¨ÉÓ ³´μ£μ-
Î¨¸²¥´´Ò¥ É¥μ·¥É¨Î¥¸±¨¥ ³μ¤¥²¨, μ¶¨¸Ò¢ ÕÐ¨¥ Ô´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ¶ ·-
Éμ´μ¢, Ê²ÊÎÏ¨ÉÓ μ¡Ð¥¥ ¶μ´¨³ ´¨¥ ¶·μ¨¸Ìμ¤ÖÐ¨Ì ¶·μÍ¥¸¸μ¢ ¨ ¶μ²ÊÎ¨ÉÓ ± -
Î¥¸É¢¥´´μ ´μ¢Ò¥ ¨ ¡μ²¥¥ ÉμÎ´Ò¥ ¤ ´´Ò¥ μ ¸¢μ°¸É¢ Ì μ¡· §ÊÕÐ¥°¸Ö ¢ ¸Éμ²±´μ-
¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· ¸·¥¤Ò (Šƒ�). ‚ ¤ ´´μ° ¸É ÉÓ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ
¨§³¥·¥´¨Ö ¢ÒÌμ¤μ¢ ¨ Ë ±Éμ·μ¢ Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ ¤²Ö π0- ¨ η-³¥§μ´μ¢
¢ ¸Éμ²±´μ¢¥´¨ÖÌ Cu+Au ¨ U +U ¶·¨ Ô´¥·£¨¨ 200 ƒÔ‚ ¢ § ¢¨¸¨³μ¸É¨ μÉ
¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ¨ Í¥´É· ²Ó´μ¸É¨ Ö¤¥·´ÒÌ ¸Éμ²±´μ¢¥´¨°.

�Š‘�…�ˆŒ…�’ PHENIX
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�±¸¶¥·¨³¥´É PHENIX Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§ ¤¢ÊÌ μ¸´μ¢´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢
´  ±μ²² °¤¥·¥ RHIC. “¸É ´μ¢±  ¸μ¸Éμ¨É ¨§ É·¥Ì ³ £´¨Éμ¢, ¤¢ÊÌ Í¥´É· ²Ó´ÒÌ
(¢μ¸ÉμÎ´Ò° ¨ § ¶ ¤´Ò°), ¤¢ÊÌ ³Õμ´´ÒÌ (¸¥¢¥·´Ò° ¨ Õ¦´Ò°) ¸¶¥±É·μ³¥É·μ¢.
‚ ¸μ¸É ¢ Í¥´É· ²Ó´ÒÌ ¸¶¥±É·μ³¥É·μ¢, μÌ¢ ÉÒ¢ ÕÐ¨Ì 90◦ ¶μ  §¨³ÊÉ ²Ó´μ³Ê
Ê£²Ê ¨ 0,7 ¥¤¨´¨Í ¶μ ¶¸¥¢¤μ¡Ò¸É·μÉ¥, ¢Ìμ¤ÖÉ: ¤·¥°Ëμ¢Ò¥ ¨ ¶ ¤μ¢Ò¥ ± ³¥·Ò,
¨§³¥·ÖÕÐ¨¥ ¨³¶Ê²Ó¸Ò § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ ¨Ì ±μμ·¤¨´ ÉÒ, Î¥·¥´±μ¢¸±¨°
¤¥É¥±Éμ· ±·Ê£μ¢μ£μ ¤¥°¸É¢¨Ö, ¨¤¥´É¨Ë¨Í¨·ÊÕÐ¨° Ô²¥±É·μ´Ò ¨ ¶μ§¨É·μ´Ò,
¢·¥³Ö¶·μ²¥É´ Ö ¸¨¸É¥³  ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨  ¤·μ´μ¢ ¢ μ¡² ¸É¨ ³ ²ÒÌ ¶μ-
¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ ¨ Ô²¥±É·μ³ £´¨É´Ò° ± ²μ·¨³¥É·, ¸μ¸ÉμÖÐ¨° ¨§ ¢μ¸Ó³¨
¸¥±Éμ·μ¢ ¶·¨¡²¨§¨É¥²Ó´μ μ¤¨´ ±μ¢μ£μ · §³¥·  ¨ ¨§³¥·ÖÕÐ¨° Ô´¥·£¨Õ ¨ ±μ-
μ·¤¨´ ÉÒ ËμÉμ´μ¢ ¨ Ô²¥±É·μ´μ¢, ¢Ò²¥É ÕÐ¨Ì ¨§ μ¡² ¸É¨ ¢§ ¨³μ¤¥°¸É¢¨Ö.
„¢  ³Õμ´´ÒÌ ¸¶¥±É·μ³¥É· , μÌ¢ ÉÒ¢ ÕÐ¨Ì 360◦ ¶μ  §¨³ÊÉ ²Ó´μ³Ê Ê£²Ê ¨
μ¡² ¸ÉÓ 1,15 < η < 2,35 ¶μ ¶¸¥¢¤μ¡Ò¸É·μÉ¥, ¶·¥¤´ §´ Î¥´Ò ¤²Ö ¨§³¥·¥´¨Ö
¨³¶Ê²Ó¸μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ · ¤¨ ²Ó´μ³ ³ £´¨É´μ³ ¶μ²¥ ³Õμ´´ÒÌ ³ £-
´¨Éμ¢ ¨ ¨¤¥´É¨Ë¨± Í¨¨ ³Õμ´μ¢. ‚ ¸μ¸É ¢ ± ¦¤μ£μ ¨§ ¸¶¥±É·μ³¥É·μ¢ ¢Ìμ¤ÖÉ
É·¨ ¸²μÖ É·¥±μ¢ÒÌ ¸É ´Í¨° ¨ ¶ÖÉÓ ¶²μ¸±μ¸É¥° £ §μ¢ÒÌ É·Ê¡μ±, ¶·¥¤´ §´ Î¥´-
´ÒÌ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ³Õμ´μ¢ ¨ μÉ¡μ·  ·¥¤±¨Ì ¸μ¡ÒÉ¨°. ‚ Ô±¸¶¥·¨³¥´É¥
PHENIX É ±¦¥ ¨³¥¥É¸Ö ¢Ò¸μ±μ¸±μ·μ¸É´ Ö ¸¨¸É¥³  ¸¡μ·  ¤ ´´ÒÌ,   ¤²Ö μÉ-
¡μ·  ·¥¤±¨Ì ¸μ¡ÒÉ¨°, ¶·¥¤¸É ¢²ÖÕÐ¨Ì Ë¨§¨Î¥¸±¨° ¨´É¥·¥¸, ¨¸¶μ²Ó§ÊÕÉ¸Ö
É·¨££¥·Ò · §²¨Î´μ£μ Ê·μ¢´Ö. ‚¸¥ ÔÉμ ¶μ§¢μ²Ö¥É ¨§ÊÎ ÉÓ Ì · ±É¥·¨¸É¨±¨ § -
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·Ö¦¥´´ÒÌ ¨ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¢ Ï¨·μ±μ³ ¤¨´ ³¨Î¥¸±μ³ ¤¨ ¶ §μ´¥. 	μ²¥¥
¶μ¤·μ¡´μ Ê¸É ´μ¢±  PHENIX μ¶¨¸ ´  ¢ [4].

‚ÒÌμ¤Ò π0- ¨ η-³¥§μ´μ¢ ¨§³¥·ÖÕÉ¸Ö ¶·¨ ¶μ³μÐ¨ Ô²¥±É·μ³ £´¨É´μ£μ ± -
²μ·¨³¥É·  ¢ ¤μ³¨´¨·ÊÕÐ¨Ì ± ´ ² Ì · ¸¶ ¤  π0 → γγ ¨ η → γγ. 	² £μ¤ ·Ö
Ê¢¥·¥´´μ³Ê μÉ´μÏ¥´¨Õ ¸¨£´ ²  ± Ëμ´Ê ¢ÒÌμ¤Ò ¶·¥¤¸É ¢²¥´´ÒÌ ³¥§μ´μ¢ ³μ-
£ÊÉ ¡ÒÉÓ ¨§³¥·¥´Ò ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ¶μ¶¥·¥Î´μ£μ
¨³¶Ê²Ó¸ . „²Ö Ê³¥´ÓÏ¥´¨Ö ¸¨¸É¥³ É¨Î¥¸±μ° ¶μ£·¥Ï´μ¸É¨ ¨§³¥·¥´¨Ö ¢ÒÌμ¤μ¢
Î ¸É¨Í É·¥¡Ê¥É¸Ö, ÎÉμ¡Ò μ¡  γ-±¢ ´É  ¶μ¶ ¤ ²¨ ¢ μ¤¨´ ¨ ÉμÉ ¦¥ ¸¥±Éμ· ± -
²μ·¨³¥É· . � ¸¶·¥¤¥²¥´¨¥ ¶μ ÔËË¥±É¨¢´μ° ³ ¸¸¥ ¤¢ÊÌ γ-±¢ ´Éμ¢ ¸É·μ¨É¸Ö ¢
§ ¢¨¸¨³μ¸É¨ μÉ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ³¥§μ´  (¸Ê³³ ·´μ£μ ¶μ¶¥·¥Î´μ£μ ¨³-
¶Ê²Ó¸  ¤¢ÊÌ γ-±¢ ´Éμ¢),   É ±¦¥ μÉ ±² ¸¸  Í¥´É· ²Ó´μ¸É¨ ¸Éμ²±´μ¢¥´¨°. �μ-
²ÊÎ¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥  ¶¶·μ±¸¨³¨·Ê¥É¸Ö ËÊ´±Í¨¥°, ¶·¥¤¸É ¢²ÖÕÐ¥° ¸μ-
¡μ° ¸Ê³³Ê ËÊ´±Í¨¨ ƒ Ê¸¸  ¤²Ö μ¶¨¸ ´¨Ö ¸¨£´ ²  μÉ ¢μ¸¸É ´μ¢²¥´´ÒÌ π0-
¨ η-³¥§μ´μ¢ ¨ ²¨´¥°´μ° ËÊ´±Í¨¨, μ¶¨¸Ò¢ ÕÐ¥° Ëμ´μ¢Ò¥ ¢±² ¤Ò. ‚ÒÌμ¤Ò
π0- ¨ η-³¥§μ´μ¢ μ¶·¥¤¥²ÖÕÉ¸Ö ¶ÊÉ¥³ ¶μ¤¸Î¥É  Î¨¸²  μÉ¸Î¥Éμ¢ ¢¡²¨§¨ μ¡² ¸É¨
¨Ì ³ ¸¸ ¨ ¢ÒÎ¨É ´¨Ö ¨´É¥£· ²  ¶μ¤ ²¨´¥°´μ° ËÊ´±Í¨¥° ¢ ¤ ´´μ³ ¶·μ³¥-
¦ÊÉ±¥, μ¶¨¸Ò¢ ÕÐ¥£μ Ëμ´μ¢Ò¥ ¢±² ¤Ò. ˆ´É¥·¢ ²Ò, ¢ ±μÉμ·ÒÌ ¶·μ¨§¢μ¤¨-
² ¸Ó  ¶¶·μ±¸¨³ Í¨Ö, ¨ ¸É¥¶¥´Ó ¶μ²¨´μ³ , μ¶¨¸Ò¢ ÕÐ¥£μ Ëμ´, ¢ ·Ó¨·ÊÕÉ¸Ö
¤²Ö μÍ¥´±¨ ¸¨¸É¥³ É¨Î¥¸±μ° ¶μ£·¥Ï´μ¸É¨ μ¶·¥¤¥²¥´¨Ö ¢ÒÌμ¤μ¢ Î ¸É¨Í.

”�Š’��› Ÿ„…���‰ Œ�„ˆ”ˆŠ�–ˆˆ

�É²¨Î¨¥ Ö¤·μ-Ö¤¥·´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° μÉ ´Ê±²μ´-´Ê±²μ´´ÒÌ ¸Éμ²±´μ¢¥-
´¨° § ±²ÕÎ ¥É¸Ö ¢ ¶·¨¸ÊÉ¸É¢¨¨ ±μ²²¥±É¨¢´ÒÌ ÔËË¥±Éμ¢. „ ´´Ò¥ ÔËË¥±ÉÒ
Î ¸Éμ ¨§ÊÎ ÕÉ¸Ö ¸ ¶μ³μÐÓÕ É ± ´ §Ò¢ ¥³μ£μ Ë ±Éμ·  Ö¤¥·´μ° ³μ¤¨Ë¨± -
Í¨¨, μ¶·¥¤¥²Ö¥³μ£μ ± ± μÉ´μÏ¥´¨¥ ¢ÒÌμ¤  Î ¸É¨Í ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¨ ¶·μÉμ´-
¶·μÉμ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ, μÉ´¥¸¥´´ÒÌ ± ¸μμÉ¢¥É¸É¢ÊÕÐ¥³Ê Î¨¸²Ê ¶ ·´ÒÌ
´Ê±²μ´-´Ê±²μ´´ÒÌ ¸Éμ²±´μ¢¥´¨° N¸Éμ²±´: RAA = (dNAA)/(N¸Éμ²±´ × dNpp).
‡¤¥¸Ó dNAA ¨ dNpp Å ¢ÒÌμ¤ Î ¸É¨Í ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¨ ¶·μÉμ´-¶·μÉμ´´ÒÌ
¸Éμ²±´μ¢¥´¨ÖÌ ¢ § ¤ ´´μ³ ¨´É¥·¢ ²¥ ¶μ ¶μ¶¥·¥Î´μ³Ê ¨³¶Ê²Ó¸Ê.

�·¨ μÉ¸ÊÉ¸É¢¨¨ ±μ²²¥±É¨¢´ÒÌ ÔËË¥±Éμ¢ Ë ±Éμ· Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨
· ¢¥´ ¥¤¨´¨Í¥. ” ±Éμ·Ò Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ ¨§³¥·ÖÕÉ¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ
Í¥´É· ²Ó´μ¸É¨ ¨ Ô´¥·£¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö Ö¤¥·, ÎÉμ ¶μ§¢μ²Ö¥É ¨§ÊÎ ÉÓ ±μ²-
²¥±É¨¢´Ò¥ ÔËË¥±ÉÒ ¢ § ¢¨¸¨³μ¸É¨ μÉ · §³¥·  ¸É ²±¨¢ ÕÐ¥°¸Ö ¸¨¸É¥³Ò ¨
Ô´¥·£¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö. �·¨ ÔÉμ³ §´ Î¥´¨¥ Í¥´É· ²Ó´μ¸É¨ 0Ä10% £μ¢μ·¨É μ
Í¥´É· ²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ,   90Ä100% Ê± §Ò¢ ¥É ´  ¶¥·¨Ë¥·¨°´Ò¥ ¢§ ¨-
³μ¤¥°¸É¢¨Ö.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò §´ Î¥´¨Ö Ë ±Éμ·μ¢ Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ ¤²Ö π0-
¨ η-³¥§μ´μ¢, ¨§³¥·¥´´Ò¥ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ Ö¤¥· §μ²μÉ  ¨ ³¥¤¨ ¶·¨ Ô´¥·£¨¨
200 ƒÔ‚. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶·¨¢¥¤¥´Ò ¤²Ö Í¥´É· ²Ó´ÒÌ ¨ ¶¥·¨Ë¥·¨°´ÒÌ
¸Éμ²±´μ¢¥´¨°. ‡´ Î¥´¨Ö Ë ±Éμ·μ¢ Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ ¨§³¥·¥´Ò ¢ Ï¨·μ-
±μ³ ¤¨ ¶ §μ´¥ ¶μ ¶μ¶¥·¥Î´μ³Ê ¨³¶Ê²Ó¸Ê ¢¶²μÉÓ ¤μ 20 ƒÔ‚/c. ‚ Í¥´É· ²Ó-
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�¨¸. 1. ‡ ¢¨¸¨³μ¸É¨ Ë ±Éμ·μ¢ Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ RAA μÉ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ 
pT ¤²Ö π0- (±·Ê¦±¨) ¨ η-³¥§μ´μ¢ (·μ³¡Ò):  ) ¢ Í¥´É· ²Ó´ÒÌ (0Ä10%, NÊÎ = 177)
¢§ ¨³μ¤¥°¸É¢¨ÖÌ Cu+Au; ¡) ¢ ¶¥·¨Ë¥·¨°´ÒÌ (60Ä90%, NÊÎ = 9) ¢§ ¨³μ¤¥°¸É¢¨ÖÌ
Cu+Au ¶·¨ Ô´¥·£¨¨ 200 ƒÔ‚. ‡¤¥¸Ó ¨ ¢ ¤ ²Ó´¥°Ï¥³ Ê¸²μ¢´Ò¥ μ¡μ§´ Î¥´¨Ö ´  ÉμÎ± Ì
¢ ¢¨¤¥ ¢¥·É¨± ²Ó´ÒÌ ®Ê¸μ¢¯ ¨ ¸¥·ÒÌ £μ·¨§μ´É ²Ó´ÒÌ ®¶·Ö³μÊ£μ²Ó´¨±μ¢¯ μÉ¢¥Î ÕÉ
¸É É¨¸É¨Î¥¸±¨³ ¨ ¸¨¸É¥³ É¨Î¥¸±¨³ ¶μ£·¥Ï´μ¸ÉÖ³ ¨§³¥·¥´¨° ¸μμÉ¢¥É¸É¢¥´´μ. ‚¥·-
É¨± ²Ó´Ò¥ ®¶·Ö³μÊ£μ²Ó´¨±¨¯ ¢¡²¨§¨ μ¸¨ μ·¤¨´ É ¸μμÉ¢¥É¸É¢ÊÕÉ ´¥μ¶·¥¤¥²¥´´μ¸É¨
N¸Éμ²±´

´ÒÌ (0Ä20%) ¸Éμ²±´μ¢¥´¨ÖÌ ¢ÒÌμ¤Ò π0- ¨ η-³¥§μ´μ¢ ¶μ¤ ¢²¥´Ò, ¸É¥¶¥´Ó
¶μ¤ ¢²¥´¨Ö Ê³¥´ÓÏ ¥É¸Ö ¸ Í¥´É· ²Ó´μ¸ÉÓÕ ¸Éμ²±´μ¢¥´¨°, ¨ ¢ ¶¥·¨Ë¥·¨°´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨ÖÌ ´ ¡²Õ¤ ¥É¸Ö ´¥´Ê²¥¢μ° ¨§¡ÒÉμÎ´Ò° ¢ÒÌμ¤ π0- ¨ η-³¥§μ´μ¢.
‘Éμ¨É μÉ³¥É¨ÉÓ, ÎÉμ ¶·¨ ¤ ´´μ° ÉμÎ´μ¸É¨ ¨§³¥·¥´¨° ´¥ ´ ¡²Õ¤ ¥É¸Ö · §²¨-
Î¨Ö ¢ ¸É¥¶¥´¨ ¶μ¤ ¢²¥´¨Ö π0- ¨ η-³¥§μ´μ¢, ´¥¸³μÉ·Ö ´  Éμ, ÎÉμ η-³¥§μ´Ò
¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ³¥§μ´Ò ¸μ ¸±·ÒÉμ° ¸É· ´´μ¸ÉÓÕ.

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ Ë ±Éμ·μ¢ Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ π0-
¨ η-³¥§μ´μ¢ μÉ Î¨¸²  ´Ê±²μ´μ¢ NÊÎ, ÊÎ ¸É¢ÊÕÐ¨Ì ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨, ¤²Ö
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�¨¸. 2. ‡ ¢¨¸¨³μ¸É¨ Ë ±Éμ·μ¢ Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ RAA μÉ Î¨¸²  ´Ê±²μ´μ¢ NÊÎ,
ÊÎ ¸É¢ÊÕÐ¨Ì ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨, ¤²Ö π0- (±·Ê¦±¨) ¨ η-³¥§μ´μ¢ (±¢ ¤· ÉÒ) ¢ Cu+Au-
¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¨ π0-³¥§μ´μ¢ (É·¥Ê£μ²Ó´¨±¨) ¢ Au+Au-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨ Ô´¥·£¨¨
200 ƒÔ‚ ¢ μ¡² ¸É¨ ¡μ²ÓÏ¨Ì ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ (pT > 5 ƒÔ‚/c ¨ pT > 10 ƒÔ‚/c)

�¨¸. 3. ‡ ¢¨¸¨³μ¸É¨ Ë ±Éμ·μ¢ Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ RAA μÉ Î¨¸²  ´Ê±²μ´μ¢ NÊÎ,
ÊÎ ¸É¢ÊÕÐ¨Ì ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨, ¤²Ö π0- (±·Ê¦±¨ ¨ ·μ³¡Ò) ¢ U+ U-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¨
π0-³¥§μ´μ¢ (É·¥Ê£μ²Ó´¨±¨) ¢ Au+Au-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨ Ô´¥·£¨¨ 200 ƒÔ‚ ¢ μ¡² ¸É¨
¡μ²ÓÏ¨Ì ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ (pT > 5 ƒÔ‚/c)

¸Éμ²±´μ¢¥´¨° Cu +Au ¨ Au +Au ¶·¨ Ô´¥·£¨¨ 200 ƒÔ‚ ¢ μ¡² ¸É¨ ¡μ²ÓÏ¨Ì
¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ (pT > 5 ƒÔ‚/c ¨ pT > 10 ƒÔ‚/c). �·¨ NÊÎ > 100
·¥§Ê²ÓÉ ÉÒ ¸Éμ²±´μ¢¥´¨° Cu+Au ¨ Au+ Au ¸μ£² ¸ÊÕÉ¸Ö ¤·Ê£ ¸ ¤·Ê£μ³, ¢ Éμ
¢·¥³Ö ± ± ¶·¨ NÊÎ ∼ 10 ¢ÒÌμ¤Ò π0- ¨ η-³¥§μ´μ¢ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ Au+Au
¶μ¤ ¢²¥´Ò ¸¨²Ó´¥¥.
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�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³μ¸É¨ Ë ±Éμ·μ¢ Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨
π0-³¥§μ´μ¢ μÉ Î¨¸²  ´Ê±²μ´μ¢ NÊÎ, ÊÎ ¸É¢ÊÕÐ¨Ì ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨, ¤²Ö
¸Éμ²±´μ¢¥´¨° U+ U ¨ Au+ Au ¶·¨ Ô´¥·£¨¨ 200 ƒÔ‚ ¢ μ¡² ¸É¨ ¶μ¶¥·¥Î´ÒÌ
¨³¶Ê²Ó¸μ¢ pT > 5 ƒÔ‚/c. ” ±Éμ·Ò Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ ¤²Ö ¢§ ¨³μ¤¥°¸É¢¨°
U +U ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¢ÊÌ · §²¨Î´ÒÌ ´ ¡μ·μ¢ Î¨¸²  ´Ê-
±²μ´μ¢ N¸Éμ²±´, ÊÎ ¸É¢ÊÕÐ¨Ì ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ. ˆ¸¶μ²Ó§μ¢ ´¨¥ ¤¢ÊÌ · §-
²¨Î´ÒÌ ´ ¡μ·μ¢ N¸Éμ²±´ μ¡Ê¸²μ¢²¥´μ · §²¨Î´μ° ¸É¥¶¥´ÓÕ ¤¥Ëμ·³ Í¨¨ Ö¤· 
Ê· ´  ¶·¨ ¢ÒÎ¨¸²¥´¨¨ N¸Éμ²±´ ¢ ³μ¤¥²¨ ƒ² Ê¡¥·  [5]. �·¨ NÊÎ > 100 ·¥§Ê²Ó-
É ÉÒ ¸Éμ²±´μ¢¥´¨° U +U ¨ Au+ Au ¸μ£² ¸ÊÕÉ¸Ö ¤·Ê£ ¸ ¤·Ê£μ³, ¢ Éμ ¢·¥³Ö
± ± ¶·¨ ³¥´ÓÏ¨Ì §´ Î¥´¨ÖÌ NÊÎ ∼ 10 ¢ÒÌμ¤Ò π0-³¥§μ´μ¢ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ
U +U ¶μ¤ ¢²¥´Ò ¸¨²Ó´¥¥.

‡�Š‹�—…�ˆ…

‚ ¤ ´´μ° ¸É ÉÓ¥ ¶·¥¤¸É ¢²¥´Ò Ë ±Éμ·Ò Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨ π0- ¨ η-
³¥§μ´μ¢, ¨§³¥·¥´´Ò¥ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ Cu +Au ¨ U +U ¶·¨ Ô´¥·£¨¨ 200 ƒÔ‚
¢ Ô±¸¶¥·¨³¥´É¥ PHENIX ´  ±μ²² °¤¥·¥ RHIC.

‚ÒÌμ¤Ò π0- ¨ η-³¥§μ´μ¢, ¨§³¥·¥´´Ò¥ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ Cu +Au, Au+Au
¨ U+ U ¶·¨ Ô´¥·£¨¨ 200 ƒÔ‚, ¶μ¤ ¢²¥´Ò μ¤¨´ ±μ¢μ ¶·¨ ¡μ²ÓÏ¨Ì §´ Î¥´¨ÖÌ
Î¨¸²  ´Ê±²μ´μ¢, ÊÎ ¸É¢ÊÕÐ¨Ì ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨ (NÊÎ > 100). „ ´´Ò° Ë ±É
¶μ§¢μ²Ö¥É £μ¢μ·¨ÉÓ μ Éμ³, ÎÉμ ¢¥²¨Î¨´  ¶μ¤ ¢²¥´¨Ö ¢ μ¸´μ¢´μ³ μ¶·¥¤¥²Ö¥É¸Ö
Î¨¸²μ³ ´Ê±²μ´μ¢, ÊÎ ¸É¢ÊÕÐ¨Ì ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨, ¨ ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É
μÉ £¥μ³¥É·¨¨ ¶¥·¥±·ÒÉ¨Ö Ö¤¥·.

‚ μ¡² ¸É¨ NÊÎ > 100 §´ Î¥´¨Ö Ë ±Éμ·μ¢ Ö¤¥·´μ° ³μ¤¨Ë¨± Í¨¨, ¶μ²Ê-
Î¥´´Ò¥ ¢ ¶¥·¨Ë¥·¨°´ÒÌ Cu +Au-¸Éμ²±´μ¢¥´¨ÖÌ, μ¡´ ·Ê¦¨¢ ÕÉ ´¥´Ê²¥¢μ¥
¶·¥¢ÒÏ¥´¨¥ ¢ÒÌμ¤μ¢ π0- ¨ η-³¥§μ´μ¢ ´ ¤ ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ Ô²¥-
³¥´É ·´ÒÌ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ, ¢ Éμ ¢·¥³Ö ± ± ¢ ¸Éμ²±´μ¢¥-
´¨ÖÌ U +U ¢ÒÌμ¤Ò π0- ¨ η-³¥§μ´μ¢ ¶μ¤ ¢²¥´Ò ¸¨²Ó´¥¥, Î¥³ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ
Au +Au, ¶·¨ μ¤¨´ ±μ¢μ° Ô´¥·£¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö.

�¥§Ê²ÓÉ ÉÒ ¤ ´´μ° · ¡μÉÒ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ · ³± Ì ¢Ò¶μ²´¥´¨Ö £μ¸Ê¤ ·-
¸É¢¥´´μ£μ § ¤ ´¨Ö Œ¨´μ¡·´ Ê±¨ �μ¸¸¨¨ 3.1498.2017/4.6.
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