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…. ‚. „Ò¤ÒÏ±μ, ‚. ‹. …·³μ²ÓÎ¨±, •. ƒ. ‘Ê ·¥¸1, �.Œ. ˜Ê³¥°±μ
� ÊÎ´μ-¨¸¸²¥¤μ¢ É¥²Ó¸±¨° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¶·μ¡²¥³
	¥²μ·Ê¸¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É , Œ¨´¸±

„ ´ ±· É±¨° μ¡§μ· ·¥§Ê²ÓÉ Éμ¢ ¨¸¸²¥¤μ¢ ´¨° ¶·μÍ¥¸¸  „·¥²² ÄŸ´  ´  Ê¸É ´μ¢±¥ CMS
¢μ ¢·¥³Ö ¶¥·¢μ£μ ÔÉ ¶  · ¡μÉÒ LHC. �·¥¤¸É ¢²¥´Ò ´¥±μÉμ·Ò¥ μ·¨£¨´ ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ± ¸ -
ÕÐ¨¥¸Ö ÔÉμ£μ ¶·μÍ¥¸¸ , ¨ ¶·μ¢¥¤¥´  ´ ²¨§ ¶¥·¸¶¥±É¨¢ ¥£μ ¨¸¸²¥¤μ¢ ´¨Ö ´  ¢Éμ·μ³ ÔÉ ¶¥ · ¡μÉÒ
LHC.

A brief review of results concerning the DrellÄYan process at the CMS experiment during the LHC
run I is given. Some original results dealing with this process are presented. The perspectives for
further investigations of the DrellÄYan process at the Run II LHC are considered.

PACS: 13.85.-t

‚‚…„…�ˆ…

�¥·¢Ò° ÔÉ ¶ · ¡μÉÒ LHC § ¢¥·Ï¥´ ¸ ·¥§Ê²ÓÉ É ³¨, ±μÉμ·Ò¥ ¶·¥¢§μÏ²¨ ¢¸¥ μ¦¨¤ ´¨Ö.
�  ÔÉμ³ ÔÉ ¶¥ Ô±¸¶¥·¨³¥´É  CMS ´ ¡· ´μ 19,6 Ë¡−1 ¸¥·É¨Ë¨Í¨·μ¢ ´´ÒÌ ¤ ´´ÒÌ. ‚
´ ¸ÉμÖÐ¥¥ ¢·¥³Ö Ô±¸¶¥·¨³¥´ÉÒ ´  LHC ¶μ¸¢ÖÐ¥´Ò ¸¡μ·Ê ¨ μ¡· ¡μÉ±¥ ¤ ´´ÒÌ ¢ pp-
¸Éμ²±´μ¢¥´¨ÖÌ ¸ Ô´¥·£¨¥° ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸

√
S = 13 ’Ô‚, ÎÉμ ¶μÎÉ¨ ¢ ¤¢  · § 

¶·¥¢μ¸Ìμ¤¨É §´ Î¥´¨¥ Ô´¥·£¨¨ ´  ¶¥·¢μ³ ÔÉ ¶¥ · ¡μÉÒ LHC.
�μ¦¤¥´¨¥ ²¥¶Éμ´´μ° ¶ ·Ò Î¥·¥§ ³¥Ì ´¨§³ „·¥²² ÄŸ´  („Ÿ) [1,2]

P + P → q(p1) + q̄(p2) →
γ∗

Z
→ l(k1) + l̄(k2), (1)

£¤¥ p1(p2) Å Î¥ÉÒ·¥Ì¨³¶Ê²Ó¸Ò ( ´É¨)±¢ ·± ,   k1(k2) Å Î¥ÉÒ·¥Ì¨³¶Ê²Ó¸Ò ( ´É¨)²¥¶Éμ´ ,
¨²²Õ¸É·¨·Ê¥É¸Ö ·¨¸. 1.

�   ¤·μ´´ÒÌ ±μ²² °¤¥· Ì ¶·μÍ¥¸¸ „Ÿ Ö¢²Ö¥É¸Ö ÔÉ ²μ´´Ò³. �´ μÉ²¨Î ¥É¸Ö ¡μ²ÓÏμ°
¢¥²¨Î¨´μ° ¸¥Î¥´¨Ö, ±μÉμ·μ¥ ¡Ò²μ ¨§³¥·¥´μ Ê¦¥ ¸ ¶μ³μÐÓÕ ¤ ´´ÒÌ, ´ ±μ¶²¥´´ÒÌ ¢ ¶¥·-
¢Ò¥ ¤´¨ · ¡μÉÒ ±μ²² °¤¥· , ¨ ¢´μ¢Ó μ¶·¥¤¥²Ö²μ¸Ó ¶·¨ ± ¦¤μ³ ´μ¢μ³ §´ Î¥´¨¨ Ô´¥·£¨¨
¶ÊÎ±μ¢ [3]. �·μÍ¥¸¸ „Ÿ É ±¦¥ Ö¢²Ö¥É¸Ö Ëμ´μ³ ± ³´μ£¨³ ¤·Ê£¨³ ¶·μÍ¥¸¸ ³, ¨¸¸²¥¤Ê¥³Ò³

1E-mail: Juan.Suarez.Gonzalez@cern.ch
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�¨¸. 1. „¨ £· ³³  ”¥°´³ ´  ·μ¦¤¥´¨Ö ²¥¶Éμ´´ÒÌ ¶ · Î¥·¥§ ³¥Ì ´¨§³ „Ÿ

´   ¤·μ´´ÒÌ ±μ²² °¤¥· Ì. �´ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¨§³¥·¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨
¤¥É¥±Éμ· ³¨ ³Õμ´μ¢ ¨ Ô²¥±É·μ´μ¢ ¶μ ³¥Éμ¤¨±¥ ®³¥É±¨ ¨ ¶·μ¡Ò¯ (tag and probe method);
¤²Ö ¶·μ¢¥¤¥´¨Ö ¸É·μ£μ° ¶·μ¢¥·±¨ ‘É ´¤ ·É´μ° ³μ¤¥²¨ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°
¶ÊÉ¥³ ¶·¥Í¨§¨μ´´μ£μ ¨§³¥·¥´¨Ö ¶ · ³¥É·μ¢ ÔÉμ° ³μ¤¥²¨ ¨ · ¸¶·¥¤¥²¥´¨° ´ ¡²Õ¤ ¥³ÒÌ
¢¥²¨Î¨´; ¤²Ö Ê³¥´ÓÏ¥´¨Ö ´¥μ¶·¥¤¥²¥´´μ¸É¨ ¢ ¶ ·Éμ´´ÒÌ ËÊ´±Í¨ÖÌ · ¸¶·¥¤¥²¥´¨°; ¶·¨
¶μ¨¸±¥ ®´μ¢μ° Ë¨§¨±¨¯ (´ ¶·¨³¥·, Z ′) ¨ ¤²Ö ¨§³¥·¥´¨Ö  ±É¨¢´μ¸É¨ ±¢ ·±μ¢, ´¥ ÊÎ ¸É¢Ê-
ÕÐ¨Ì ¢ ¦¥¸É±μ³ ¶·μÍ¥¸¸¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨ ¸Éμ²±´μ¢¥´¨¨ ¤¢ÊÌ ¶·μÉμ´μ¢ (underlying
events) [4].

1. ���–…‘‘ „�…‹‹�ÄŸ�� �� �…�‚�Œ �’��… ����’› LHC

�  ¶¥·¢μ³ ÔÉ ¶¥ · ¡μÉÒ LHC ¸ ¶μ³μÐÓÕ ¶·μÍ¥¸¸  „Ÿ μ¸ÊÐ¥¸É¢²¥´ ·Ö¤ ¶·¥Í¨§¨μ´-
´ÒÌ ¨§³¥·¥´¨°,   É ±¦¥ ¶μ¨¸± ¶·μÖ¢²¥´¨° ÔËË¥±Éμ¢ §  ¶·¥¤¥² ³¨ ‘É ´¤ ·É´μ° ³μ¤¥²¨.
‘·¥¤¨ ÔÉ¨Ì ¨¸¸²¥¤μ¢ ´¨° ´¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ ¨§³¥·¥´¨¥ μ¤´μ- ¨ ¤¢Ê±· É´μ£μ ¤¨ËË¥-
·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ²¥¶Éμ´´μ° ¶ ·Ò+M ¢ ¶·μÍ¥¸¸¥ „Ÿ ¶·¨√

S = 7 ’Ô‚ [5,6,13,14] ¨
√

S = 8 ’Ô‚ [7] (·¨¸. 2). ’ ±¦¥, ¢¶¥·¢Ò¥ ´   ¤·μ´´ÒÌ ±μ²² °-
¤¥· Ì, ¨§³¥·¥´μ μÉ´μÏ¥´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° R ¶·μÍ¥¸¸  „Ÿ ¶·¨

√
S = 7 ’Ô‚

¨
√

S = 8 ’Ô‚ [7] (·¨¸. 3). ‘¥·Ó¥§´μ° ¶·μ¢¥·±μ° ¤²Ö ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¸É ²μ ¨§³¥-
·¥´¨¥  ¸¨³³¥É·¨¨ ¢¶¥·¥¤-´ § ¤ AFB ¢ ¶·μÍ¥¸¸¥ „Ÿ (¶·¨

√
S = 7 ’Ô‚) (·¨¸. 4). ‚ ¸¢μÕ

μÎ¥·¥¤Ó, ¨§³¥·¥´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö Z-¡μ§μ´μ¢ ¶·¨
√

S = 7 ’Ô‚
¶μ± § ²μ, ÎÉμ ¶·¨ §´ Î¥´¨ÖÌ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  Z-¡μ§μ´  qT μ±μ²μ 100 ƒÔ‚ ´ ¡²Õ¤ -
¥É¸Ö ´¥±μÉμ·μ¥ · ¸Ìμ¦¤¥´¨¥ ³¥¦¤Ê ¤ ´´Ò³¨ ¨ É¥μ·¥É¨Î¥¸±¨³¨ ¶·¥¤¸± § ´¨Ö³¨ (· §´¨Í 
¡μ²¥¥ 2σ) [9] (·¨¸. 5). „·Ê£¨³ §´ ±μ¢Ò³  ´ ²¨§μ³, ¶·μ¢¥¤¥´´Ò³ ´  ¶¥·¢μ³ ÔÉ ¶¥ · ¡μÉÒ
LHC, Ö¢²Ö²¸Ö ¶μ¨¸± Z ′-¡μ§μ´  [10] (·¨¸. 6). �´ ¶·μ¢μ¤¨²¸Ö ¶·¨ §´ Î¥´¨ÖÌ ¨´¢ ·¨ ´É´μ°
³ ¸¸Ò ²¥¶Éμ´´μ° ¶ ·Ò, ´¥ ¶·¥¢ÒÏ ÕÐ¨Ì 2 ’Ô‚. ‘¨£´ ² ¢ ¤ ´´μ° ±¨´¥³ É¨Î¥¸±μ° μ¡² -
¸É¨ ´¥ ¡Ò² ´ °¤¥´. ƒ² ¢´Ò³ ·¥§Ê²ÓÉ Éμ³  ´ ²¨§  ¸É ²μ Ê¸É ´μ¢²¥´¨¥ ´¨¦´¥£μ ¶·¥¤¥² 
§´ Î¥´¨Ö ³ ¸¸Ò Z ′-¡μ§μ´ , · ¢´μ£μ MZ = 1,7 ’Ô‚. �±¸¶¥·¨³¥´Éμ³ CMS ¢¶¥·¢Ò¥ ¶·μ¢¥-
¤¥´μ ¨§³¥·¥´¨¥ ¸¨´Ê¸  Ê£²  ‚ °´¡¥·£  ´   ¤·μ´´μ³ ±μ²² °¤¥·¥. �·¨ Ô´¥·£¨¨ ±μ²² °¤¥· √

S = 7 ’Ô‚ ¨ ¸ ¢Ò¡μ·±μ° ¨´É¥£· ²Ó´μ° ¸¢¥É¨³μ¸É¨ ¢ 44 ¶¡−1 ¤μ¸É¨£´ÊÉ  ÉμÎ´μ¸ÉÓ
1% [11].
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�¨¸. 3. �É´μÏ¥´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¶·μÍ¥¸¸  „Ÿ ¶·¨
√

S = 7 ’Ô‚ ¨
√

S = 8 ’Ô‚ [7]

2. �–…�Š� ‚Š‹�„� �‹…Š’��‘‹��›• ��„ˆ�–ˆ���›• �””…Š’�‚

“Î¨ÉÒ¢ Ö ¨¸¸²¥¤Ê¥³Ò° ¤¨ ¶ §μ´ ¢Ò¸μ±¨Ì Ô´¥·£¨° (¤μ 13 ’Ô‚), ³μ¦´μ μ¦¨¤ ÉÓ §´ Î¨-
É¥²Ó´μ£μ ¢±² ¤  · ¤¨ Í¨μ´´ÒÌ ÔËË¥±Éμ¢ (± ± Š•„, É ± ¨ Ô²¥±É·μ¸² ¡ÒÌ) ¢ ´ ¡²Õ¤ ¥³Ò¥
¢¥²¨Î¨´Ò ¶·μÍ¥¸¸  (1) ¢ μ¶·¥¤¥²¥´´ÒÌ · °μ´ Ì ±¨´¥³ É¨Î¥¸±μ° μ¡² ¸É¨ [15,16]. ‡¤¥¸Ó
³Ò ¶·¨¢¥¤¥³ ´¥±μÉμ·Ò¥ ·¥§Ê²ÓÉ ÉÒ ´ Ï¨Ì · ¸Î¥Éμ¢ Ô²¥±É·μ¸² ¡μ° · ¤¨ Í¨μ´´μ° ¶μ-
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�¨¸. 4. �¸¨³³¥É·¨Ö ¢¶¥·¥¤-´ § ¤ AFB ¢ ¶·μÍ¥¸¸¥ „Ÿ. �É´μÏ¥´¨¥ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É  ¨ ·¥§Ê²Ó-

É Éμ¢ ³μ´É¥-± ·²μ-³μ¤¥²¨·μ¢ ´¨Ö ¶·¨¢¥¤¥´μ ¶μ¤ ± ¦¤Ò³ £· Ë¨±μ³ [8, 12]

¶· ¢±¨ ¶¥·¢μ£μ ¶μ·Ö¤± 

δEW =
σEW − σborn

σborn
· 100 %, (2)

£¤¥ σEW(σborn) Å ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ ¶·μÍ¥¸¸  (1) ¸ ÊÎ¥Éμ³ (¡¥§ ÊÎ¥É ) Ô²¥±-
É·μ¸² ¡ÒÌ · ¤¨ Í¨μ´´ÒÌ ÔËË¥±Éμ¢ O(α), ± ¸¶¥±É·Ê ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ ²¥¶Éμ´´ÒÌ ¶ ·
¢ ¶·μÍ¥¸¸¥ (1).

Š ± ¸²¥¤Ê¥É ¨§ ·¨¸. 7, ¶μ¶· ¢±  δEW ¢¥²¨±  (≈ 80% ¤²Ö ³Õμ´´μ° ¶ ·Ò) ¢ μ¡² ¸É¨
M = 50−95 ƒÔ‚ ¨ ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ μ¶·¥¤¥²Ö¥É¸Ö ¢±² ¤μ³ ¨§²ÊÎ¥´¨Ö ¢ ±μ´¥Î´μ³
¸μ¸ÉμÖ´¨¨ (FSR). ‚ μ¡² ¸É¨ 120Ä160 ƒÔ‚ ¶μ¶· ¢±  ³ ²  (μ±μ²μ 5%), ´μ ¢¸¥ ¦¥ ¡μ²ÓÏ¥
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ´¥μ¶·¥¤¥²¥´´μ¸É¥° ´  LHC,   ¶μÉμ³Ê ¤μ²¦´  ¡ÒÉÓ ÊÎÉ¥´  ¶·¨  ´ -
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³μ¤¥²¨·μ¢ ´¨Ö ¶·¨¢¥¤¥´Ò ¶μ¤ £· Ë¨±μ³ [9]
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�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ Î¨¸²  ¸μ¡ÒÉ¨° μÉ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ²¥¶Éμ´´μ° ¶ ·Ò M [10]

²¨§¥ ¤ ´´ÒÌ. ‚¨¤´μ, ÎÉμ ¢ μ¡² ¸É¨ M = 1−5 ’Ô‚  ¡¸μ²ÕÉ´μ¥ §´ Î¥´¨¥ ¶μ¶· ¢±¨ · ¸É¥É
¨ ¤μ¸É¨£ ¥É 30 % ´  ¢¥·Ì´¥° £· ´¨Í¥. �Éμ Ê± §Ò¢ ¥É ´  ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¨¸¸²¥¤μ¢ ´¨Ö
¢±² ¤μ¢ ¡μ²¥¥ ¢Ò¸μ±μ£μ ¶μ·Ö¤± .
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�¨¸. 7. �²¥±É·μ¸² ¡ Ö ¶μ¶· ¢±  δEW ± ¶·μÍ¥¸¸Ê ·μ¦¤¥´¨Ö ¶ ·Ò Ô²¥±É·μ´μ¢ (ÏÉ·¨Ìμ¢ Ö ±·¨-

¢ Ö), ³Õμ´μ¢ (¸¶²μÏ´ Ö) ¨ É Ê-²¥¶Éμ´μ¢ (ÏÉ·¨Ì¶Ê´±É¨·´ Ö) ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò

²¥¶Éμ´´μ° ¶ ·Ò: ¶·¨ 40 < M < 160 ƒÔ‚ ( ) ¨ 1000 < M < 5000 ƒÔ‚ (¡)

„²Ö σEW ¶μ²ÊÎ¥´Ò ±μ³¶ ±É´Ò¥  ´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö, ´  μ¸´μ¢¥ ±μÉμ·ÒÌ ¸μ-
§¤ ´ ³μ´É¥-± ·²μ-£¥´¥· Éμ· ¸μ¡ÒÉ¨° LePaProGen (Lepton Pair Production Generator) [17].
�É  ¶·μ£· ³³ , μ¸´μ¢ ´´ Ö ´  ¸μ¢·¥³¥´´ÒÌ  ²£μ·¨É³ Ì, μÉ²¨Î ¥É¸Ö ¡Ò¸É·μÉμ° ¨ ¸É -
¡¨²Ó´μ¸ÉÓÕ.

3. �…�‘�…Š’ˆ‚› ˆ‘‘‹…„�‚��ˆ‰ ���–…‘‘� „�…‹‹�ÄŸ��
�� ‚’���Œ �’��… ����’› LHC

‚ 2015 £. ¢ Ô±¸¶¥·¨³¥´É¥ CMS ´ ¡· ´μ 2,6 Ë¡−1 ¸¥·É¨Ë¨Í¨·μ¢ ´´ÒÌ ¤ ´´ÒÌ. ‚ ±μ²-
² ¡μ· Í¨¨ ¸μ§¤ ´μ ´¥¸±μ²Ó±μ £·Ê¶¶ ¤²Ö  ´ ²¨§  ¤ ´´ÒÌ, ¸¢Ö§ ´´ÒÌ ¸ ¶·μÍ¥¸¸μ³ „Ÿ.
‚ Î ¸É´μ¸É¨, £·Ê¶¶Ò ¶μ ¨§³¥·¥´¨Õ μ¤´μ- ¨ ¤¢Ê±· É´μ£μ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨°, ¶μ
¨§³¥·¥´¨Õ  ¸¨³³¥É·¨¨ ¢¶¥·¥¤-´ § ¤ ¨ ¶μ¨¸±Ê Z ′.

�¤´¨³ ¨§ μ¸´μ¢´ÒÌ  ¸¶¥±Éμ¢ ¶·¨  ´ ²¨§¥ ¤ ´´ÒÌ Ö¢²Ö¥É¸Ö ÊÎ¥É Ê¸É· ´¨³ÒÌ ¨ ´¥Ê¸É· -
´¨³ÒÌ Ëμ´μ¢ÒÌ ¶·μÍ¥¸¸μ¢. „²Ö ¶·μÍ¥¸¸  „Ÿ ´¥Ê¸É· ´¨³Ò³¨ Ëμ´ ³¨ Ö¢²ÖÕÉ¸Ö ± ´ ²Ò
·μ¦¤¥´¨Ö ²¥¶Éμ´´μ° ¶ ·Ò ¤¢ÊÌËμÉμ´´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ¨ ¢§ ¨³μ¤¥°¸É¢¨¥³ ±¢ ·±  ¸
ËμÉμ´μ³ (·¨¸. 8).

� ³¨ ¶·μ¢¥¤¥´μ ¨¸¸²¥¤μ¢ ´¨¥ ÔÉ¨Ì ¶·μÍ¥¸¸μ¢ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³ FEWZ [18] ¨
POWHEG [19].
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�¨¸. 9. �μ¶· ¢±  δ ± ¶·μÍ¥¸¸Ê „Ÿ ¶·¨ ÊÎ¥É¥ ³¥Ì ´¨§³  ¤¢ÊÌËμÉμ´´μ£μ ·μ¦¤¥´¨Ö ²¥¶Éμ´´μ° ¶ ·Ò
¢ § ¢¨¸¨³μ¸É¨ μÉ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò M

�·μÍ¥¸¸ ·μ¦¤¥´¨Ö ²¥¶Éμ´´μ° ¶ ·Ò ¤¢ÊÌËμÉμ´´Ò³ ³¥Ì ´¨§³μ³ · ¸¸³μÉ·¥´ ± ± ¶μ-
¶· ¢±  ± ¶·μÍ¥¸¸Ê „Ÿ

δ =
σγγ

σDY
, (3)

£¤¥ σγγ(σDY) Å ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ ·μ¦¤¥´¨Ö ²¥¶Éμ´´μ° ¶ ·Ò ¤¢ÊÌËμÉμ´´Ò³
³¥Ì ´¨§³μ³ (³¥Ì ´¨§³μ³ „Ÿ). �μ± § ´μ, ÎÉμ ·μ¦¤¥´¨¥ ²¥¶Éμ´´μ° ¶ ·Ò ¤¢ÊÌËμÉμ´´Ò³
³¥Ì ´¨§³μ³ ¨§³¥´Ö¥É ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ ¶μ ¨´¢ ·¨ ´É´μ° ³ ¸¸¥ ²¥¶Éμ´´μ°
¶ ·Ò ¶·μÍ¥¸¸  „Ÿ ¶·¨

√
S = 13 ’Ô‚ ´  20Ä60% ¶·¨ M = 3−5 ’Ô‚ (·¨¸. 9).

�μ²ÊÎ¥´μ É ±¦¥ μÉ´μÏ¥´¨¥ ¸¶¥±É·μ¢ ³ ¸¸ ¤²Ö ¶·μÍ¥¸¸  ·μ¦¤¥´¨Ö ²¥¶Éμ´´μ° ¶ ·Ò
¤¢ÊÌËμÉμ´´Ò³ ³¥Ì ´¨§³μ³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³ FEWZ ¨ POWHEG

R =
POWHEG(γγ)

FEWZ(γγ)
. (4)

‡¤¥¸Ó POWHEG(γγ) (FEWZ(γγ)) Å ¸¶¥±É· ³ ¸¸ ¤²Ö ¶·μÍ¥¸¸  ·μ¦¤¥´¨Ö ²¥¶Éμ´´μ° ¶ ·Ò
¤¢ÊÌËμÉμ´´Ò³ ³¥Ì ´¨§³μ³, ¶μ²ÊÎ¥´´Ò° ¶·μ£· ³³μ° POWHEG (FEWZ). ‚¥²¨Î¨´  R
¢ (3) μÉ²¨Î ¥É¸Ö μÉ ¥¤¨´¨ÍÒ ¶·¨¡²¨§¨É¥²Ó´μ ´  1Ä4 % ¶·¨ M = 3−5 ’Ô‚ (·¨¸. 10).
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�¨¸. 10. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μÏ¥´¨Ö R μÉ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ²¥¶Éμ´´μ° ¶ ·Ò M
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�¨¸. 11. ‡ ¢¨¸¨³μ¸ÉÓ ´¥μ¶·¥¤¥²¥´´μ¸É¨ δ μÉ ³ ¸¸Ò ²¥¶Éμ´´μ° ¶ ·Ò M (±·Ê¦±¨) ¢ ¸· ¢´¥´¨¨ ¸
´¥μ¶·¥¤¥²¥´´μ¸ÉÓÕ, ¢Ò§¢ ´´μ° ËÊ´±Í¨Ö³¨ · ¸¶·¥¤¥²¥´¨Ö ±¢ ·±μ¢ (±¢ ¤· ÉÒ)

‘ ¶μ³μÐÓÕ ¶·μ£· ³³Ò FEWZ μÍ¥´¥´  ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ÊÎ¥É  ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥-
´¨Ö ËμÉμ´  ¢ ¶·μÉμ´¥

δ =
ΔPDF(DY+γγ)

σ(DY+γγ)
, (5)

£¤¥ ΔPDF(DY+γγ) Å  ¡¸μ²ÕÉ´ Ö ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ¸¥Î¥´¨Ö, ¢Ò§¢ ´´ Ö ´¥μ¶·¥¤¥²¥´´μ-
¸ÉÓÕ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ËμÉμ´  ¢ ¶·μÉμ´¥; σ(DY+γγ) Å ¸Ê³³ ·´μ¥ ¤¨ËË¥·¥´Í¨-
 ²Ó´μ¥ ¸¥Î¥´¨¥ ¶·μÍ¥¸¸  „Ÿ ¨ ¶·μÍ¥¸¸  ·μ¦¤¥´¨Ö ²¥¶Éμ´´μ° ¶ ·Ò ¤¢ÊÌËμÉμ´´Ò³ ³¥-
Ì ´¨§³μ³ ´  ¡μ·´μ¢¸±μ³ Ê·μ¢´¥. � ¸¸³ É·¨¢ ² ¸Ó § ¢¨¸¨³μ¸ÉÓ μÉ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò
²¥¶Éμ´´μ° ¶ ·Ò, ¶·¨ ÔÉμ³ ¢ÒÎ¨¸²¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò FEWZ ¶·¨√

S = 13 ’Ô‚. ‚ÒÖ¸´¥´μ, ÎÉμ ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ËÊ´±Í¨¨ · ¸¶·¥¤¥-
²¥´¨Ö ËμÉμ´  ¢ ¶·μÉμ´¥ ³μ¦¥É ¤μ¸É¨£ ÉÓ 100 % ¶·¨ M = 3 ’Ô‚ (·¨¸. 11).

�Éμ Ö¢´μ £μ¢μ·¨É μ Éμ³, ÎÉμ ´¥μ¡Ìμ¤¨³μ ¡μ²¥¥ ÉμÎ´μ¥ ¨§³¥·¥´¨¥ ËÊ´±Í¨¨ · ¸¶·¥-
¤¥²¥´¨Ö ËμÉμ´  ¢ ¶·μÉμ´¥ ¶·¨ §´ Î¥´¨ÖÌ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ²¥¶Éμ´´μ° ¶ ·Ò, ¶·¥¢Ò-
Ï ÕÐ¨Ì 1 ’Ô‚. Š ¸μ¦ ²¥´¨Õ, ÔÉμ ¨§³¥·¥´¨¥ ´¥μ¸ÊÐ¥¸É¢¨³μ ´   ¤·μ´´ÒÌ ±μ²² °¤¥-
· Ì ¨ ³μ¦¥É ¡ÒÉÓ ¢Ò¶μ²´¥´μ ´  ¡Ê¤ÊÐ¥³ Ô²¥±É·μ´-¶·μÉμ´´μ³ ±μ²² °¤¥·¥ (´ ¶·¨³¥·,
LHeC [20]).

�² £μ¤ ·´μ¸É¨. ‚ § ±²ÕÎ¥´¨¥ ¢Ò· ¦ ¥³ £²Ê¡μ±ÊÕ ¡² £μ¤ ·´μ¸ÉÓ ˆ.�. ƒμ²ÊÉ¢¨´Ê,
�. ‚. ‡ ·Ê¡¨´Ê, ‘. ‚.˜³ Éμ¢Ê ¨ ¨Ì ±μ²²¥£ ³ ¨§ μÉ¤¥²  CMS ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ-
±¨Ì Ô´¥·£¨° �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, ¢ ¶²μ¤μÉ¢μ·´μ³ ¢§ ¨³μ-
¤¥°¸É¢¨¨ ¸ ±μÉμ·Ò³¨ ¢Ò¶μ²´¥´  ÔÉ  · ¡μÉ .
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