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1 � ÊÎ´μ-¨¸¸²¥¤μ¢ É¥²Ó¸±¨° ¨´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. „. ‚. ‘±μ¡¥²ÓÍÒ´ 

Œμ¸±μ¢¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É  ¨³. Œ. ‚. ‹μ³μ´μ¸μ¢ , Œμ¸±¢ 

2 ’¥Ì´¨Î¥¸±¨° ²¨Í¥°, �¸É·μ¢, —¥Ì¨Ö

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ  ´ ²¨§  ·μ¦¤¥´¨Ö J/ψ- ¨
D-³¥§μ´μ¢ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ ¨μ´μ¢ ¸¢¨´Í  ¶·¨ Ô´¥·£¨¨ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ 2,76 ’Ô‚
´  ¶ ·Ê ´Ê±²μ´μ¢, ¶·μ¢¥¤¥´´μ£μ ¢ · ³± Ì ¤¢ÊÌ±μ³¶μ´¥´É´μ° ³μ¤¥²¨ HYDJET++,
¢±²ÕÎ ÕÐ¥° É¥·³ ²Ó´Ò° ¨ ´¥É¥·³ ²Ó´Ò° ³¥Ì ´¨§³Ò ·μ¦¤¥´¨Ö. “¸É ´μ¢²¥´μ, ÎÉμ
§´ Î¨É¥²Ó´ Ö Î ¸ÉÓ D-³¥§μ´μ¢ ´ Ìμ¤¨É¸Ö ¢ ±¨´¥É¨Î¥¸±μ³ · ¢´μ¢¥¸¨¨ ¸ μ¡· §μ¢ ¢-
Ï¥°¸Ö ³ É¥·¨¥°, ¢ Éμ ¢·¥³Ö ± ± J/ψ-³¥§μ´Ò Ì · ±É¥·¨§ÊÕÉ¸Ö · ´´¨³ (¶μ ¸· ¢´¥´¨Õ
¸ ²¥£±¨³¨  ¤·μ´ ³¨) ¢Ò³μ· ¦¨¢ ´¨¥³.

The phenomenological analysis of J/ψ and D mesons production in PbÄPb collisions
at the center-of-mass energy of 2.76 TeV per nucleon pair is fulˇlled in the framework of
the two-component HYDJET++ model, which includes thermal and nonthermal production
mechanisms. A signiˇcant part of D mesons is found to be in a kinetic equilibrium with
the created medium, while J/ψ mesons are characterized by earlier (as compared to light
hadrons) freeze-out.

PACS: 25.75.Ld; 24.10.Nz; 25.75.Bh
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„²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¸¢μ°¸É¢ ±¢ ·±-£²Õμ´´μ° ³ É¥·¨¨, μ¡· §ÊÕÐ¥°¸Ö ¢
¸Éμ²±´μ¢¥´¨¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·, ¨¸¶μ²Ó§ÊÕÉ¸Ö · §²¨Î´μ£μ ·μ¤  ¸¨£´ ²Ò,
μ¤´¨³¨ ¨§ ±μÉμ·ÒÌ Ö¢²ÖÕÉ¸Ö ¶·μÍ¥¸¸Ò ¸ ·μ¦¤¥´¨¥³ ÉÖ¦¥²ÒÌ ±¢ ·±μ¢. ’Ö¦¥-
²Ò¥ ±¢ ·±¨ ¶·¥¨³ÊÐ¥¸É¢¥´´μ ·μ¦¤ ÕÉ¸Ö ¢ ¦¥¸É±¨Ì ¶ ·Éμ´-¶ ·Éμ´´ÒÌ ¢§ ¨-
³μ¤¥°¸É¢¨ÖÌ ¨ ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î¥·¥§ ¶²μÉ´ÊÕ £μ·ÖÎÊÕ ¸·¥¤Ê ¢§ ¨³μ¤¥°-
¸É¢ÊÕÉ ¸ ¥¥ ±μ´¸É¨ÉÊÔ´É ³¨. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ³Ö£±¨¥ ³¥Ì ´¨§³Ò ·μ¦¤¥´¨Ö
μÎ ·μ¢ ´´ÒÌ  ¤·μ´μ¢ ³μ£ÊÉ ¡ÒÉÓ ¸ÊÐ¥¸É¢¥´´Ò ¶·¨ Ô´¥·£¨ÖÌ LHC.

∗E-mail: eiiubova@lav01.sinp.msu.ru
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√
sNN = 2,76 ’Ô‚ ˆ Œ�„…‹œ HYDJET++

ƒ¥´¥· Éμ· ¸Éμ²±´μ¢¥´¨° ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· HYDJET++ [1] ¸μ¸Éμ¨É ¨§
¤¢ÊÌ ±μ³¶μ´¥´É: É¥·³ ²Ó´μ° (³Ö£±μ¥ ·μ¦¤¥´¨¥  ¤·μ´μ¢) ¨ ´¥É¥·³ ²Ó´μ°
(¦¥¸É±¨¥ ¶·μÍ¥¸¸Ò ·μ¦¤¥´¨Ö ¶ ·Éμ´μ¢ ¢ Š•„ ¸ ¶μ¸²¥¤ÊÕÐ¥° ³μ¤¨Ë¨± -
Í¨¥° ¸¶¥±É·  ¢ ¸·¥¤¥ ¨  ¤·μ´¨§ Í¨¥°). ‚ ³Ö£±μ° ±μ³¶μ´¥´É¥ ³μ¤¥²¨·Ê¥É¸Ö
·μ¦¤¥´¨¥  ¤·μ´μ¢ ´  £¨¶¥·¶μ¢¥·Ì´μ¸ÉÖÌ Ì¨³¨Î¥¸±μ£μ ¨ É¥·³ ²Ó´μ£μ ¢Ò³μ-
· ¦¨¢ ´¨Ö ·¥²ÖÉ¨¢¨¸É¸±μ° ¦¨¤±μ¸É¨, ¶μ²ÊÎ¥´´ÒÌ ¸ ¶μ³μÐÓÕ ¶ · ³¥É·¨§ -
Í¨¨ ·¥²ÖÉ¨¢¨¸É¸±μ° £¨¤·μ¤¨´ ³¨±¨. †¥¸É± Ö ±μ³¶μ´¥´É  μ¸´μ¢ ´  ´  ³μ¤¥²¨
PYQUEN [2]. ‚±² ¤ ¦¥¸É±μ° ±μ³¶μ´¥´ÉÒ ¢ μ¡ÐÊÕ ³´μ¦¥¸É¢¥´´μ¸ÉÓ ·¥£Ê²¨-
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�¨¸. 1. a) ‘¶¥±É· J/ψ-³¥§μ´μ¢ ¶μ pT ¤²Ö ¡Ò¸É·μÉ 2,5 < y < 4 ¢ ¸Éμ²±´μ¢¥´¨ÖÌ
PbÄPb ¸ Í¥´É· ²Ó´μ¸ÉÖ³¨ 0Ä20% ¶·¨

√
sNN = 2,76 ’Ô‚: ¤ ´´Ò¥ [3] Å ÉμÎ±¨;

·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö HYDJET++ ¸ ¶ · ³¥É· ³¨ ¢Ò³μ· ¦¨¢ ´¨Ö, ± ± ¤²Ö ¨´-
±²Õ§¨¢´ÒÌ  ¤·μ´μ¢ Å ¶Ê´±É¨·´ Ö ²¨´¨Ö, · ´´¥£μ É¥·³ ²Ó´μ£μ ¢Ò³μ· ¦¨¢ ´¨Ö Å
¸¶²μÏ´ Ö. ¡) �²²¨¶É¨Î¥¸±¨° ¶μÉμ± v2(pT ) J/ψ-³¥§μ´μ¢ ¶·¨ 2,5 < y < 4 ¢ ¸Éμ²±´μ-
¢¥´¨ÖÌ PbÄPb ¸ Í¥´É· ²Ó´μ¸ÉÓÕ 20Ä40%,

√
sNN = 2,76 ’Ô‚: ¤ ´´Ò¥ [4] Å ÉμÎ±¨;

³μ¤¥²¨·μ¢ ´¨¥ HYDJET++ c ³Ö£±μ° ±μ³¶μ´¥´Éμ° Å ¶Ê´±É¨·´ Ö ²¨´¨Ö, c ¦¥¸É±μ°
±μ³¶μ´¥´Éμ° Å ÏÉ·¨Ìμ¢ Ö, ¸ ¸Ê³³μ° ±μ³¶μ´¥´É Å ¸¶²μÏ´ Ö
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·Ê¥É¸Ö ¶ · ³¥É·μ³ pmin
T Å ³¨´¨³ ²Ó´Ò³ ¶¥·¥¤ ´´Ò³ ¶μ¶¥·¥Î´Ò³ ¨³¶Ê²Ó¸μ³

¶ ·Éμ´-¶ ·Éμ´´μ£μ · ¸¸¥Ö´¨Ö. �  ·¨¸. 1, a ¶·¥¤¸É ¢²¥´μ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ -
Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö ¸ ¤ ´´Ò³¨ [3] ¤²Ö ¸¶¥±É·  ¶μ pT ¨´±²Õ§¨¢´ÒÌ J/ψ-
³¥§μ´μ¢ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ PbÄPb ¢ ¤¨ ¶ §μ´¥ Í¥´É· ²Ó´μ¸É¨ 0Ä20% ¸ ¤¢Ê³Ö
´ ¡μ· ³¨ ¢Ìμ¤´ÒÌ ¶ · ³¥É·μ¢: 1) É ±¨³¨ ¦¥, ± ± ¤²Ö ¨´±²Õ§¨¢´ÒÌ  ¤·μ´μ¢
(É¥³¶¥· ÉÊ·Ò Ì¨³¨Î¥¸±μ£μ ¨ É¥·³ ²Ó´μ£μ ¢Ò³μ· ¦¨¢ ´¨Ö Tch = 165 ŒÔ‚ ¨

1

10�1

10�2

10�3

10�4

d
N

d
p

d
y

2
/

T

D+ meson

HYDJET��

HYDJET (jets)��
HYDJET (hydro)��

2 6 10 14 18

pT , GeV/c

2 6 10 14 18
pT , GeV/c

D�+ meson

Pb Pb 2.76 TeV� � 
sNN

� � � � � �y 0.5 0 20

2 6 10 14 18
pT , GeV/c

D0 meson

ALICE

D+ meson

D�+ meson

D0 meson

0.8

0.6

0.4

0.2

0

�0.2

�0.4

V
2

Pb Pb (0 10 )� � �
ALICE
HYDJET��

HYDJET (jets)��
HYDJET (hydro)��

2 4 6 8 10 12 14
pT , GeV/c

a

Pb Pb (10 30 )� � �

2 4 6 8 10 12 14
pT , GeV/c

� 
sNN 2.76 TeV

� � � �y 0.

Pb Pb (30 50 )� � �

2 4 6 8 10 12 14
pT , GeV/c

б

�¨¸. 2. a) ‘¶¥±É·Ò ¶μ pT D±-, D∗±-, D0-³¥§μ´μ¢ ¤²Ö | y | < 0,5 ¢ ¸Éμ²±´μ¢¥´¨ÖÌ
PbÄPb ¸ Í¥´É· ²Ó´μ¸ÉÖ³¨ 0Ä20% ¶·¨

√
sNN = 2,76 ’Ô‚: ¤ ´´Ò¥ [5] Å ÉμÎ±¨;

·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö HYDJET++ c ³Ö£±μ° ±μ³¶μ´¥´Éμ° Å ¶Ê´±É¨·´ Ö ²¨´¨Ö,
c ¦¥¸É±μ° ±μ³¶μ´¥´Éμ° Å ÏÉ·¨Ìμ¢ Ö, c μ¡Ð¨³ ¸¶¥±É·μ³ Å ¸¶²μÏ´ Ö. ¡) v2(pT )
D0-³¥§μ´μ¢ ¤²Ö |y| < 0,8 ¢ ¸Éμ²±´μ¢¥´¨ÖÌ PbÄPb ¸ Í¥´É· ²Ó´μ¸ÉÖ³¨: 0Ä10%,
10Ä30%, 30Ä50%: ¤ ´´Ò¥ [6] Å ÉμÎ±¨; ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö HYDJET++ Å
¶Ê´±É¨·´ Ö, ÏÉ·¨Ìμ¢ Ö ¨ ¸¶²μÏ´ Ö ²¨´¨¨
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Tth = 105 ŒÔ‚, ³ ±¸¨³ ²Ó´Ò¥ ¶·μ¤μ²Ó´ Ö ¨ ¶μ¶¥·¥Î´ Ö ¡Ò¸É·μÉÒ ¶μÉμ± 
Y max

L = 4,5 ¨ Y max
T = 1,265, pmin

T = 8,2 ƒÔ‚/c); 2) ¤²Ö · ´´¥£μ ±¨´¥É¨-
Î¥¸±μ£μ ¢Ò³μ· ¦¨¢ ´¨Ö (Tch = Tth = 165 ŒÔ‚, Y max

L = 2,3, Y max
T = 0,6,

pmin
T = 3,0 ƒÔ‚/c). ‘³μ¤¥²¨·μ¢ ´´Ò¥ ¸¶¥±É·Ò μ¶¨¸Ò¢ ÕÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥

¤ ´´Ò¥ (¤μ pT ∼ 3 ƒÔ‚/c) Éμ²Ó±μ ¢ ¶·¥¤¶μ²μ¦¥´¨¨ · ´´¥£μ É¥·³ ²Ó´μ£μ ¢Ò³μ-
· ¦¨¢ ´¨Ö. ’ ±¦¥ ¡Ò²μ ´ °¤¥´μ, ÎÉμ Ô²²¨¶É¨Î¥¸±¨° ¶μÉμ± ¢ § ¢¨¸¨³μ¸É¨ μÉ
¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  v2(pT ) ¤²Ö ¨´±²Õ§¨¢´ÒÌ J/ψ-³¥§μ´μ¢ [4] μ¶¨¸Ò¢ ¥É¸Ö
¸μ ¢Éμ·Ò³¨ ¶ · ³¥É· ³¨ (·¨¸. 1, ¡). �·¨ ¡μ²ÓÏ¨Ì §´ Î¥´¨ÖÌ pT ´¥μ¡Ìμ¤¨³μ
´ ¸É· ¨¢ ÉÓ ¶ · ³¥É·Ò ¢ ¦¥¸É±μ° ±μ³¶μ´¥´É¥ ³μ¤¥²¨ ¤²Ö ²ÊÎÏ¥£μ μ¶¨¸ -
´¨Ö ·μ¦¤¥´¨Ö Î ·³μ´¨Ö. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ³μ¤¥²Ó ´¥ ÊÎ¨ÉÒ¢ ¥É ÔËË¥±É
Í¢¥Éμ¢μ£μ Ô±· ´¨·μ¢ ´¨Ö ¸¢Ö§ ´´ÒÌ ¶ · ÉÖ¦¥²ÒÌ ±¢ ·±μ¢ ¢ ±¢ ·±-£²Õμ´´μ°
³ É¥·¨¨. ‚ μÉ²¨Î¨¥ μÉ J/ψ-³¥§μ´μ¢ ¤ ´´Ò¥ ¤²Ö ¸¶¥±É·μ¢ ¶μ pT D-³¥§μ´μ¢ [5]
Ìμ·μÏμ μ¶¨¸Ò¢ ÕÉ¸Ö ¸ É¥³¨ ¦¥ ¶ · ³¥É· ³¨ ¢Ò³μ· ¦¨¢ ´¨Ö, ÎÉμ ¨ ¤²Ö ¨´-
±²Õ§¨¢´ÒÌ  ¤·μ´μ¢ (·¨¸. 2, a). ’ ±¦¥ ¸ ÔÉ¨³¨ ¶ · ³¥É· ³¨ ¢μ¸¶·μ¨§¢μ¤ÖÉ¸Ö
¤ ´´Ò¥ ¶μ v2(pT ) [6] (·¨¸. 2, ¡).

‡�Š‹�—…�ˆ…

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ ¨³¶Ê²Ó¸´Ò³ ¸¶¥±É· ³ ¨ Ô²²¨¶É¨Î¥¸±μ³Ê
¶μÉμ±Ê μÎ ·μ¢ ´´ÒÌ ³¥§μ´μ¢ ¶·¨ Ô´¥·£¨¨ LHC ¢μ¸¶·μ¨§¢μ¤ÖÉ¸Ö ³μ¤¥²ÓÕ
HYDJET++ ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ ±¨´¥É¨Î¥¸±μ¥ ¢Ò³μ· ¦¨¢ ´¨¥ D-³¥§μ´μ¢
¶·μ¨¸Ìμ¤¨É μ¤´μ¢·¥³¥´´μ ¸ ±¨´¥É¨Î¥¸±¨³ ¢Ò³μ· ¦¨¢ ´¨¥³ ²¥£±¨Ì  ¤·μ´μ¢,
¢ Éμ ¢·¥³Ö ± ± ±¨´¥É¨Î¥¸±μ¥ ¢Ò³μ· ¦¨¢ ´¨¥ J/ψ-³¥§μ´μ¢ ¶·μ¨¸Ìμ¤¨É §´ -
Î¨É¥²Ó´μ · ´ÓÏ¥, ¶·¥¤¶μ²μ¦¨É¥²Ó´μ ¢ ³μ³¥´É Ì¨³¨Î¥¸±μ£μ ¢Ò³μ· ¦¨¢ ´¨Ö.
’ ±¨³ μ¡· §μ³, ¸ÊÐ¥¸É¢¥´´ Ö Î ¸ÉÓ D-³¥§μ´μ¢ (¢¶²μÉÓ ¤μ pT ∼ 4 ƒÔ‚/c), ¢ μÉ-
²¨Î¨¥ μÉ J/ψ-³¥§μ´μ¢, ´ Ìμ¤¨É¸Ö ¢ ±¨´¥É¨Î¥¸±μ³ · ¢´μ¢¥¸¨¨ ¸ μ¡· §μ¢ ´´μ°
¢ ¸Éμ²±´μ¢¥´¨¨ PbÄPb £μ·ÖÎ¥°  ¤·μ´´μ° ³ É¥·¨¥°. �Éμ ³μ¦¥É Ê± §Ò¢ ÉÓ ´ 
Éμ, ÎÉμ ¸¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö D-³¥§μ´μ¢ ¸É ´μ¢¨É¸Ö ¸· ¢´¨³Ò³ ¸ ¸¥Î¥´¨¥³
¢§ ¨³μ¤¥°¸É¢¨Ö ²¥£±¨Ì  ¤·μ´μ¢,   ¸¥Î¥´¨¥ J/ψ-³¥§μ´μ¢ μ¸É ¥É¸Ö ¸ÊÐ¥¸É¢¥´´μ
³¥´ÓÏ¨³.

�¢Éμ·Ò ¡² £μ¤ ·ÖÉ §  ¶²μ¤μÉ¢μ·´μ¥ ¸μÉ·Ê¤´¨Î¥¸É¢μ ¨ μ¡¸Ê¦¤¥´¨Ö
Ÿ. 
¥²ÓÎ¨± , ‹. ‚. 
· ¢¨´Ê, �.ˆ.„¥³ÓÖ´μ¢ , ‚. ‹.Šμ·μÉ±¨Ì, ‹. ‚.Œ ²¨´¨´Ê,
�.Œ.‘´¨£¨·¥¢ , …. …. ‡ ¡·μ¤¨´  ¨ ‘. ‚.�¥É·ÊÏ ´±μ.

� ¡μÉ  ¶μ¤¤¥·¦ ´  £· ´Éμ³ ��” º14-12-00110 ¢ Î ¸É¨ ³μ¤¥²¨·μ¢ ´¨Ö
¸¶¥±É·μ¢ ¨ Ô²²¨¶É¨Î¥¸±μ£μ ¶μÉμ±  J/ψ- ¨ D-³¥§μ´μ¢.
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