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ˆ¸¸²¥¤Ê¥É¸Ö ¶·μÍ¥¤Ê·  Ê¸É ´μ¢±¨  ¡¸μ²ÕÉ´μ° Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨ ¢ Ô±¸¶¥·¨³¥´É¥ CMS ¶ÊÉ¥³
¢μ¸¸É ´μ¢²¥´¨Ö ³ ¸¸Ò W ¢ tt̄-¸μ¡ÒÉ¨ÖÌ ¸ · ¸¶ ¤μ³ W → qq̄. �¶·¥¤¥²ÖÕÉ¸Ö μ¸´μ¢´Ò¥ ÔËË¥±ÉÒ,
¶·¨¢μ¤ÖÐ¨¥ ± ¸¨¸É¥³ É¨Î¥¸±¨³ ¸¤¢¨£ ³  ¡¸μ²ÕÉ´μ° Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨. „ ¥É¸Ö μÍ¥´±  §´ Î¥´¨°
ÔÉ¨Ì ¸¤¢¨£μ¢.

The absolute jet energy scale set in CMS experiment using the W mass constraint in tt̄ events with
W → qq̄ decay, is studied. The main effects, which lead to the systematical shifts in the jet energy
scale, are determined. The estimations of these shifts are given.
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� ¸ÉμÖÐ Ö · ¡μÉ  ¶μ¸¢ÖÐ¥´  ¶·μ¡²¥³¥ Ê¸É ´μ¢±¨  ¡¸μ²ÕÉ´μ° Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨
¢ Ô±¸¶¥·¨³¥´É¥ CMS ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μÍ¥¸¸μ¢ ·μ¦¤¥´¨Ö  ¤·μ´´ÒÌ ¸É·Ê° ¶·¨ · ¸-
¶ ¤¥ ¡μ§μ´  W ¢ μ¤´μ²¥¶Éμ´´ÒÌ tt̄-¸μ¡ÒÉ¨ÖÌ. ‚ ÔÉ¨Ì ¸μ¡ÒÉ¨ÖÌ ·μ¦¤ ¥³Ò¥ ¢ ¦¥¸É±μ³
¶·μÍ¥¸¸¥ pp-¸Éμ²±´μ¢¥´¨Ö t-±¢ ·±¨ · ¸¶ ¤ ÕÉ¸Ö ´  b-±¢ ·±¨ ¨ W -¡μ§μ´Ò, μ¤¨´ ¨§ ±μÉμ-
·ÒÌ · ¸¶ ¤ ¥É¸Ö ´  ²¥¶Éμ´ (³Õμ´ ¨²¨ Ô²¥±É·μ´) ¨ ´¥°É·¨´μ,   ¢Éμ·μ° Å ´  ¤¢  ²¥£±¨Ì
±¢ ·± :

pp → tt̄ → bW+b̄W− → blνlb̄qq̄ (l ≡ e, μ). (1)

‘μ¡ÒÉ¨Ö (1) ¨³¥ÕÉ ¤μ¸É ÉμÎ´μ ³ ²Ò° Ëμ´, ÎÉμ ¶μ§¢μ²Ö¥É ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ ¸É·Ê¨ μÉ
· ¸¶ ¤  W ¨ ¶·μ¨§¢¥¸É¨ ±μ··¥±Í¨Õ ¨Ì Ô´¥·£¨¨ ´  μ¸´μ¢¥ ¸μμÉ´μÏ¥´¨Ö ³¥¦¤Ê ¨´¢ ·¨-
 ´É´μ° ³ ¸¸μ° ÔÉ¨Ì ¸É·Ê° ¨ ³ ¸¸μ° W .

�Éμ ¸μμÉ´μÏ¥´¨¥ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ± ²¨¡·μ¢μÎ´Ò° ±μÔËË¨Í¨¥´É: μÉ´μÏ¥´¨¥
¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ¸É·Ê¨ ± ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ¶ ·Éμ´  k0 = Ejet

T /Eparton
T ¤²Ö ¢¸¥£μ

¨´É¥·¢ ²  ¶μ¶¥·¥Î´ÒÌ Ô´¥·£¨° ¸É·Ê°, ·μ¦¤¥´´ÒÌ μÉ · ¸¶ ¤  W . �μ²ÊÎ¥´´Ò° ±μÔË-
Ë¨Í¨¥´É ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¤²Ö ¢´¥¸¥´¨Ö ¶μ¶· ¢μ± ¢ Ô´¥·£¨¨ μÉ± ²¨¡·μ¢ ´´ÒÌ
¸É·Ê°, ´ ¶·¨³¥·, ¶μ¸²¥ ®γ + jet¯- [1, 2] ¨²¨ ®Jet + Track¯-±μ··¥±Í¨¨ [3Ä5], ¤²Ö ±μÉμ·ÒÌ
μÉ´μÏ¥´¨¥ Ejet

T /Eparton
T ¸ÊÐ¥¸É¢¥´´μ ´¥ § ¢¨¸¨É μÉ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ¸É·Ê¨.
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‚ ¸²ÊÎ ¥ ± ²μ·¨³¥É·¨Î¥¸±¨Ì ¸É·Ê° μÉ´μÏ¥´¨¥ Ejet
T /Eparton

T ³¥´Ö¥É¸Ö ¢ ¶·¥¤¥² Ì ´¥-
¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢ ¶·μÍ¥´Éμ¢ ¤²Ö · §´ÒÌ §´ Î¥´¨° ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ¸É·Ê¨, ¶μÔÉμ³Ê ¢
ÔÉ¨Ì ¸²ÊÎ ÖÌ Í¥²¥¸μμ¡· §´¥¥ ¨¸¶μ²Ó§μ¢ ÉÓ ± ²¨¡·μ¢±Ê ¢ μÉ¤¥²Ó´ÒÌ ¨´É¥·¢ ² Ì Ejet

T ²¨¡μ
¢´μ¸¨ÉÓ ¶μ¶· ¢±¨ ´  § ¢¨¸¨³μ¸ÉÓ ± ²¨¡·μ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  μÉ ¶μ¶¥·¥Î´ÒÌ Ô´¥·£¨°
¸É·Ê°, ´ ¶·¨³¥·, ´  μ¸´μ¢¥ ³μ´É¥-± ·²μ-³μ¤¥²¨·μ¢ ´¨Ö.

�·¥¤¢ ·¨É¥²Ó´Ò°  ´ ²¨§ ¤ ´´μ° ³¥Éμ¤¨±¨ ¶·¨³¥´¨É¥²Ó´μ ± Ô±¸¶¥·¨³¥´ÉÊ CMS ¡Ò²
¤ ´ ¢ · ¡μÉ¥ [6]. 	Ò² , ¢ Î ¸É´μ¸É¨, ¸¤¥² ´  μÍ¥´±  ± ± ¸É É¨¸É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥°,
É ± ¨ ¸¨¸É¥³ É¨Î¥¸±¨Ì ´¥μ¶·¥¤¥²¥´´μ¸É¥° ³¥Éμ¤¨±¨, ¸¢Ö§ ´´ÒÌ ¸ ¢²¨Ö´¨¥³ ¤μ¶μ²´¨É¥²Ó-
´ÒÌ μ¤´μ¢·¥³¥´´μ ·¥£¨¸É·¨·Ê¥³ÒÌ ¤¥É¥±Éμ· ³¨ ¸μ¡ÒÉ¨°, Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨° ¨ ÉμÎ´μ¸É¨
¨¤¥´É¨Ë¨± Í¨¨ ¸É·Ê° μÉ · ¸¶ ¤  W .

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ Ê¸É ´ ¢²¨¢ ¥É¸Ö ´ ²¨Î¨¥ ·Ö¤  ¤μ¶μ²´¨É¥²Ó´ÒÌ ¸¨¸É¥³ É¨Î¥¸±¨Ì
ÔËË¥±Éμ¢, ±μÉμ·Ò¥ ¢²¨ÖÕÉ ´  ÉμÎ´μ¸ÉÓ ³¥Éμ¤¨±¨; ¶μ± §Ò¢ ¥É¸Ö, ÎÉμ ÔÉ¨ ¤μ¶μ²´¨É¥²Ó´Ò¥
ÔËË¥±ÉÒ ¢³¥¸É¥ ¸ · ´¥¥ ¨¸¸²¥¤μ¢ ´´Ò³¨ ¶·¨¢μ¤ÖÉ ´¥ Éμ²Ó±μ ± ´¥μ¶·¥¤¥²¥´´μ¸ÉÖ³, ´μ
¨ ± ¸¨¸É¥³ É¨Î¥¸±¨³ ¸¤¢¨£ ³ Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨;   É ±¦¥ ¨¸¸²¥¤Ê¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ
· ¸Î¥É  ÔÉ¨Ì ¸¨¸É¥³ É¨Î¥¸±¨Ì ¸¤¢¨£μ¢ ¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¨Ì ¢ ± Î¥¸É¢¥ ¶μ¶· ¢μ± ± Ï± ²¥
Ô´¥·£¨¨ ¸É·Ê¨.

�´ ²¨§ ¢Ò¶μ²´Ö¥É¸Ö ¤²Ö pp-¸Éμ²±´μ¢¥´¨° ¸ Ô´¥·£¨¥°
√

s = 14 ’Ô‚ ¶·¨ ¶μ²´μ³ ³μ¤¥-
²¨·μ¢ ´¨¨ ¶·μÍ¥¸¸μ¢ ¢ Ê¸É ´μ¢±¥ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò CMSSW 2.1.0, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
¨´É¥£· ²Ó´μ° ¸¢¥É¨³μ¸É¨ 20 Ë¡−1 ´  ¶·¨³¥·¥ ¸²¥¤ÊÕÐ¨Ì ¸É·Ê°:

• ®calo¯-¸É·Ê¨ Å ¸É·Ê¨, ¸μ¡· ´´Ò¥ ¢ ± ²μ·¨³¥É· Ì ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨É¥· Í¨μ´´μ£μ
±μ´Ê¸´μ£μ  ²£μ·¨É³  ¸ · §³¥·μ³ ±μ´Ê¸  R = 0,5 ¶·¨ μ£· ´¨Î¥´¨ÖÌ ´  ¶μ²´ÊÕ ¨ ¶μ-
¶¥·¥Î´ÊÕ Ô´¥·£¨¨, ¢Ò¤¥²¥´´Ò¥ ¢ μ¡Ñ¥¤¨´¥´´ÒÌ ¡ Ï´ÖÌ Ô²¥±É·μ³ £´¨É´μ£μ ¨  ¤·μ´´μ£μ
± ²μ·¨³¥É·μ¢ Etower > 0,8 ƒÔ‚ ¨ Etower

T > 0,5 ƒÔ‚.
• ®ZSP¯-¸É·Ê¨ Å ®calo¯-¸É·Ê¨, ¢ ±μÉμ·ÒÌ ÊÎÉ¥´  ¶μ¶· ¢±  ´  Ô´¥·£¨Õ, ¶μÉ¥·Ö´´ÊÕ

¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ³¨´¨³ ²Ó´μ£μ ¶μ·μ£  ´  ¨§³¥·¥´´Ò¥ Ô´¥·£¨¨ ¢ ÖÎ¥°± Ì Ô²¥±É·μ³ £-
´¨É´μ£μ ¨  ¤·μ´´μ£μ ± ²μ·¨³¥É·μ¢ [3].

• ®ZSP+ JPT¯-¸É·Ê¨ Å ¸É·Ê¨ ¸ · §³¥·μ³ ±μ´Ê¸  R = 0,5, ´ °¤¥´´Ò¥ ¸ ¶μ³μÐÓÕ
 ²£μ·¨É³ , ¨¸¶μ²Ó§ÊÕÐ¥£μ ·¥±μ´¸É·Ê¨·μ¢ ´´Ò¥ Ô´¥·£¨¨, ¢Ò¤¥²¥´´Ò¥ ¢ ÖÎ¥°± Ì ± ²μ·¨-
³¥É·μ¢, ¶ · ³¥É·Ò É·¥±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ ®ZSP¯-¶μ¶· ¢±¨ [3Ä5].
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“cÉ ´μ¢±  Ï± ²Ò Ô´¥·£¨¨ cÉ·Ê¨ cμcÉμ¨É ¢ μ¶·¥¤¥²¥´¨¨ ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨-
Í¨¥´Éμ¢:

kjet ≡
Ejet

T

Eq
T

, (2)

¶μ§¢μ²ÖÕÐ¨Ì ¶¥·¥°É¨ μÉ ¨§³¥·¥´´ÒÌ ¶μ¶¥·¥Î´ÒÌ Ô´¥·£¨° cÉ·Ê° Ejet
T ± ¶μ¶¥·¥Î´Ò³

Ô´¥·£¨Ö³ ¶ ·Éμ´μ¢ (¢ ¤ ´´μ³ c²ÊÎ ¥ ±¢ ·±μ¢) Eq
T .

‚ ± Î¥cÉ¢¥ ¨cÉ¨´´μ£μ §´ Î¥´¨Ö ± ²¨¡·μ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  ³μ¦¥É ¡ÒÉÓ · cc³μ-
É·¥´μ ¶μ²μ¦¥´¨¥ ³ ±¸¨³Ê³  μÉ´μÏ¥´¨Ö Ejet

T /Eq
T ¢ ´¥±μÉμ·μ³ ¨´É¥·¢ ²¥ ¶μ ¶μ¶¥·¥Î´μ°

Ô´¥·£¨¨ ±¢ ·± :

ktrue
jet ≡

〈
Ejet

T

Eq
T

〉
. (3)
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Šμ··¥±Í¨Ö Ô´¥·£¨¨ cÉ·Ê¨ c ¶μ³μÐÓÕ cμ¡ÒÉ¨° (1) μc´μ¢ ´  ´  ¨c¶μ²Ó§μ¢ ´¨¨ cμ-
μÉ´μÏ¥´¨Ö ³¥¦¤Ê ³ ccμ° W -¡μ§μ´  ¨ ¨´¢ ·¨ ´É´μ° ³ ccμ° μÉ± ²¨¡·μ¢ ´´ÒÌ cÉ·Ê°,
·μ¦¤ ÕÐ¨Ì¸Ö ¶·¨ · c¶ ¤¥ W :

mW = mcorr
jj . (4)

‘ ÉμÎ´μcÉÓÕ ¤μ m2
q/E2

q (mq ¨ Eq Å ³ ccÒ ¨ Ô´¥·£¨¨ ±¢ ·±μ¢ μÉ · c¶ ¤  W ) ³ ¸¸ 
W -¡μ§μ´  ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ± ±

m2
W = Eq

T1E
q
T2f

2
qq,

f2
qq

2
= ch (ηq

1 − ηq
2) − cos (φq

1 − φq
2). (5)

‡¤¥¸Ó fqq Å Ê£²μ¢μ° ³´μ¦¨É¥²Ó, ¢Ò· ¦¥´´Ò° Î¥·¥§ ¶¸¥¢¤μ¡Ò¸É·μÉÒ ¨  §¨³ÊÉ ²Ó´Ò¥ Ê£²Ò
±¢ ·±μ¢. �´ ²μ£¨Î´μ¥ cμμÉ´μÏ¥´¨¥ ³μ¦´μ § ¶¨c ÉÓ ¤²Ö ¨´¢ ·¨ ´É´μ° ³ ccÒ cÉ·Ê°:

m2
jj = Ejet

T1E
jet
T2f

2
jj ,

f2
jj

2
= ch (ηjet

1 − ηjet
2 ) − cos (φjet

1 − φjet
2 ). (6)

„²Ö μÉ±μ··¥±É¨·μ¢ ´´ÒÌ ¸ ¶μ³μÐÓÕ ´¥±μÉμ·ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ k1 ¨ k2

Ô´¥·£¨° μ´μ ¶¥·¥¶¨Ï¥É¸Ö ± ±

(mcorr
jj )2 = Ejet, corr

T1 Ejet, corr
T2 f2

jj =
m2

jj

k1k2
, Ejet, corr

T1 =
Ejet

T1

k1
, Ejet, corr

T2 =
Ejet

T2

k2
. (7)

�  μc´μ¢ ´¨¨ (4) ¨ c ÊÎ¥Éμ³ (5), (7) ¶μ²ÊÎ¨³ ¶μc²¥ Êc·¥¤´¥´¨Ö ¶μ cμ¡ÒÉ¨Ö³ ± ²¨-
¡·μ¢μÎ´μ¥ ¸μμÉ´μÏ¥´¨¥ 〈

mjj√
k1k2

〉
= mW , (8)

£¤¥ mW = (80,398 ± 0,025) ƒÔ‚ [7].
Š ²¨¡·μ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ k1 ¨ k2 μ¶·¥¤¥²Ö²¨¸Ó ¶μ ¶μ²μ¦¥´¨Õ ¶¨±  ¶²μÉ´μ¸É¨

· ¸¶·¥¤¥²¥´¨Ö ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò mjj . �μ²μ¦¥´¨¥ ¶¨±  μ ´ Ìμ¤¨²μ¸Ó ¶ÊÉ¥³  ¶¶·μ±-
¸¨³ Í¨¨ ¸¶¥±É·  ¢¥²¨Î¨´Ò mjj £ Ê¸¸μ¢¸±μ° ËÊ´±Í¨¥° ¢ μ¡² ¸É¨ μ ± σ. ‚ ¸μμÉ¢¥É¸É¢¨¨
¸ (8) · ¸¸Î¨ÉÒ¢ ²¸Ö ± ²¨¡·μ¢μÎ´Ò° ±μÔËË¨Í¨¥´É k0 ¤²Ö ¢¸¥° ¨¸¸²¥¤Ê¥³μ° μ¡² ¸É¨ ¶μ-
¶¥·¥Î´ÒÌ Ô´¥·£¨° ¸É·Ê°, ±μÉμ·Ò° ¢ ¸²ÊÎ ¥ ®calo¯-¸É·Ê° ¢±²ÕÎ ² ¨´É¥·¢ ² (12, 200) ƒÔ‚:

k0 = k1 = k2 =
〈mjj〉
mW

¶·¨ Ejet
T1, E

jet
T2 ∈ (12, 200) ƒÔ‚. (9)

‘²¥¤ÊÕÐ¨° Ï £ · ¸Î¥Éμ¢ ¸μ¸ÉμÖ² ¢ μ¶·¥¤¥²¥´¨¨ ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¢
μÉ¤¥²Ó´ÒÌ μ¡² ¸ÉÖÌ ¶μ¶¥·¥Î´ÒÌ Ô´¥·£¨° ¸É·Ê°. �  ÔÉμ³ Ï £¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸μ¡ÒÉ¨Ö, ¢
±μÉμ·ÒÌ ¶μ¶¥·¥Î´ Ö Ô´¥·£¨Ö μ¤´μ° ¨§ q-¸É·Ê°1 (Ejet

T1) ¶·¨´ ¤²¥¦ ²  μÉ¤¥²Ó´μ³Ê ¨´É¥·-
¢ ²Ê ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ¤²Ö ®calo¯-¸É·Ê°:

Ejet
T1 ∈ (12, 18), (18, 25), (25, 40), (40, 70), (70, 120) ¨²¨ (120, 200) ƒÔ‚, (10)

  ¶μ¶¥·¥Î´ Ö Ô´¥·£¨Ö ¢Éμ·μ° ¸É·Ê¨ (Ejet
T2) ¶·¨´ ¤²¥¦ ²  ¶·μ¨§¢μ²Ó´μ³Ê ¨´É¥·¢ ²Ê (10).

�·¨ ÔÉμ³ ±μÔËË¨Í¨¥´É k0 ¨¸¶μ²Ó§μ¢ ²¸Ö ¢ ± Î¥¸É¢¥ ± ²¨¡·μ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  k2

1‚ ± Î¥¸É¢¥ ¸É·Ê° μÉ · ¸¶ ¤  W -¡μ§μ´μ¢ (q-¸É·Ê°) ¡· ²¨¸Ó ¸É·Ê¨, ´¥ ¨¤¥´É¨Ë¨Í¨·μ¢ ´´Ò¥ ± ± b-¸É·Ê¨.
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¤²Ö Ejet
T2 ¨ ´  μ¸´μ¢¥ ¸μμÉ´μÏ¥´¨Ö (8) ´ Ìμ¤¨²¸Ö ± ²¨¡·μ¢μÎ´Ò° ±μÔËË¨Í¨¥´É ¤²Ö ± -

¦¤μ£μ ¨´É¥·¢ ²  (10):

kjet = k1,
√

k1 =
〈mjj〉

mW

√
k2

≈ 〈mjj〉
mW

√
k0

¶·¨ Ejet
T2 ∈ (12, 200) ƒÔ‚. (11)

�·¥¤² £ ¥³ Ö ³¥Éμ¤¨±  ± ²¨¡·μ¢±¨ ¶·¥¤¶μ² £ ¥É μÉ¡μ· ¸μ¡ÒÉ¨° ¸ Î¥ÉÒ·Ó³Ö ¸É·ÊÖ³¨:
¤¢¥ b-¸É·Ê¨ ¨ ¤¢¥ q-¸É·Ê¨ ¸ μ£· ´¨Î¥´¨¥³ ´  ¶¸¥¢¤μ¡Ò¸É·μÉÒ |ηjet| < 3 ¨ ¶μ¶¥·¥Î´Ò¥
Ô´¥·£¨¨ ®calo¯-¸É·Ê° Ejet

T > 12 ƒÔ‚. b-¸É·Ê¨ ¨¤¥´É¨Ë¨Í¨·μ¢ ²¨¸Ó ¢ § ¢¨¸¨³μ¸É¨ μÉ § ¤ Î
 ´ ²¨§  ²¨¡μ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨´Ëμ·³ Í¨¨ ´  Ê·μ¢´¥ £¥´¥· Éμ·  (PYTHIA), ²¨¡μ ¸ ¶μ-
³μÐÓÕ  ²£μ·¨É³  μÉ¡μ·  b-¸É·Ê° ¶·μ£· ³³Ò CMSSW 2.1.9. �É¡μ· ¸μ¡ÒÉ¨° ¶·μ¨§¢μ¤¨²¸Ö
É ±¦¥ ¶·¨ μ£· ´¨Î¥´¨¨ ´  ¤¥Ë¨Í¨É ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ¸μ¡ÒÉ¨Ö Emissing

T > 25 ƒÔ‚ ¨
É·¥¡μ¢ ´¨¨ ´ ²¨Î¨Ö ¨§μ²¨·μ¢ ´´μ£μ ³Õμ´  ¨²¨ Ô²¥±É·μ´  ¸ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¥° ¡μ²¥¥
20 ƒÔ‚ ¨ ¶¸¥¢¤μ¡Ò¸É·μÉμ° |ηl| < 2,5 Å Ê¸²μ¢¨ÖÌ, ´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö ¶μ¤ ¢²¥´¨Ö Ëμ´μ¢ÒÌ
¸μ¡ÒÉ¨°. �ËË¥±É¨¢´μ¸ÉÓ ¢¸¥Ì ¶·¨³¥´Ö¥³ÒÌ μÉ¡μ·μ¢ ¸μ¸É ¢²Ö²  ³¥´¥¥ 10 %. �´ ²¨§ ¡Ò²
¢Ò¶μ²´¥´ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ 180 000 μÉμ¡· ´´ÒÌ ¸μ¡ÒÉ¨°, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¨´É¥£· ²Ó-
´μ° ¸¢¥É¨³μ¸É¨ 20 Ë¡−1.
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‚ ´ ¸ÉμÖÐ¥³ · §¤¥²¥ ¨¸¸²¥¤Ê¥É¸Ö ¢²¨Ö´¨¥ · §²¨Î´ÒÌ ÔËË¥±Éμ¢ ´  ¸¤¢¨£¨ Ï± ²Ò
Ô´¥·£¨¨ ¸É·Ê¨, Ê¸É ´ ¢²¨¢ ¥³μ° ¸ ¶μ³μÐÓÕ ¶·¥¤² £ ¥³μ° ³¥Éμ¤¨±¨. �´ ²¨§ ¶·μ¢μ¤¨É¸Ö
¶ÊÉ¥³ ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¢±²ÕÎ¥´¨Ö ¸²¥¤ÊÕÐ¨Ì ³¥Éμ¤¨Î¥¸±¨Ì, Ë¨§¨Î¥¸±¨Ì ÔËË¥±Éμ¢ ¨
ÔËË¥±Éμ¢, ¸¢Ö§ ´´ÒÌ ¸ ·¥£¨¸É· Í¨¥° ¸μ¡ÒÉ¨° ¢ Ê¸É ´μ¢±¥, ¢²¨ÖÕÐ¨Ì ´  ¶μ£·¥Ï´μ¸É¨
± ²¨¡·μ¢±¨.

i = 1: ¨¸¶μ²Ó§μ¢ ´¨¥ k0 ¢ ± Î¥¸É¢¥ k2;
i = 2: ¸É É¨¸É¨Î¥¸±¨¥ μÉ±²μ´¥´¨Ö ·¥±μ´¸É·Ê¨·μ¢ ´´μ° Ô´¥·£¨¨ ¸É·Ê¨ ¸ · ¸¶·¥¤¥²¥-

´¨¥³ μÉ´μÏ¥´¨Ö Ejet
T /Eq

T ¶μ ´μ·³ ²Ó´μ³Ê § ±μ´Ê;

i = 3: μÉ±²μ´¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö Ejet
T /Eq

T μÉ ´μ·³ ²Ó´μ£μ;
i = 4: ¸³¥Ð¥´¨¥ Ê£²μ¢ÒÌ ±μμ·¤¨´ É ¸É·Ê¨ μÉ´μ¸¨É¥²Ó´μ ±¢ ·± -·μ¤¨É¥²Ö ¸É·Ê¨;
i = 5: ¨¸¶μ²Ó§μ¢ ´¨¥ ¤²Ö · ¸Î¥É  ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¨´É¥·¢ ²μ¢ ¶μ Ejet

T

¢³¥¸Éμ ¨´É¥·¢ ²μ¢ ¶μ Eq
T ;

i = 6: ´¥¢¥·´ Ö ¨¤¥´É¨Ë¨± Í¨Ö ¸É·Ê° μÉ · ¸¶ ¤  W -¡μ§μ´ ;
i = 7: ´¥¢¥·´ Ö ¨¤¥´É¨Ë¨± Í¨Ö b-¸É·Ê° μÉ · ¸¶ ¤  t-±¢ ·±μ¢.
�·¨ ¢±²ÕÎ¥´¨¨ ± ¦¤μ£μ ÔËË¥±É  (i = 1, 2, . . . , 7) · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¸μ£² ¸´μ (9) ¨ (11)

± ²¨¡·μ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ, ±μÉμ·Ò¥ μ¡μ§´ Î ²¨¸Ó ± ± k
(i)
jet ¨ k

(i)
0 ¸μμÉ¢¥É¸É¢¥´´μ.

‘¨¸É¥³ É¨Î¥¸±¨¥ ¸¤¢¨£¨ Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨ · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¶μ¸·¥¤¸É¢μ³ ¸· ¢´¥-

´¨Ö §´ Î¥´¨° ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ k
(i)
jet ¸ ¨Ì ¨¸É¨´´Ò³¨ §´ Î¥´¨Ö³¨ ktrue

jet .
‚ ± Î¥cÉ¢¥ ¨cÉ¨´´ÒÌ ¶·¨´¨³ ²¨¸Ó §´ Î¥´¨Ö, · ¸¸Î¨É ´´Ò¥ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¸μμÉ´μÏ¥-
´¨¥³ (3) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ §´ Î¥´¨° ¶μ¶¥·¥Î´ÒÌ Ô´¥·£¨° μ¤´μ° ¨§ ¸É·Ê° ¨ ±¢ ·±μ¢ μÉ
· ¸¶ ¤  W -¡μ§μ´  ¢ · §´ÒÌ ¨´É¥·¢ ² Ì ¶μ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ±¢ ·±  (10), ¡¥§ μ£· ´¨Î¥-
´¨° ´  ¶μ¶¥·¥Î´Ò¥ Ô´¥·£¨¨ ¢Éμ·μ£μ ±¢ ·±  μÉ · ¸¶ ¤  W -¡μ§μ´ . „²Ö  ´ ²¨§  ¨¸¶μ²Ó§Ê-
ÕÉ¸Ö ¢¥²¨Î¨´Ò, Ì · ±É¥·¨§ÊÕÐ¨¥ ± ± ¶μ²´μ¥ ¸³¥Ð¥´¨¥ Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨, ¢Ò§¢ ´´μ¥
¢¸¥³¨ ¢±²ÕÎ¥´´Ò³¨ ÔËË¥±É ³¨ ¸ ´μ³¥· ³¨ μÉ 1 ¤μ i:

δk
(i)
jet ≡

k
(i)
jet − ktrue

jet

ktrue
jet

, i = 1, 2, . . . , 7, (12)
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É ± ¨ ¸³¥Ð¥´¨¥, ¢Ò§¢ ´´μ¥ μÉ¤¥²Ó´Ò³ ÔËË¥±Éμ³ ¸ ´μ³¥·μ³ i:

S(i) ≡
Δk

(i)
jet

kjet
, £¤¥ Δk

(i)
jet ≡ k

(i)
jet − k

(i−1)
jet , i = 1, 2, . . . , 7. (13)

�´ ²μ£¨Î´μ μ¶·¥¤¥²Ö²¨¸Ó ¸³¥Ð¥´¨Ö ¤²Ö k0:

S
(i)
0 ≡ Δk

(i)
0

k0
, £¤¥ Δk

(i)
0 ≡ k

(i)
0 − k

(i−1)
0 , i = 1, 2, . . . , 7. (14)

Š ¦¤Ò° ÔÉ ¶ ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¢±²ÕÎ¥´¨Ö ÔËË¥±Éμ¢ i = 1, 2, . . . , 7  ´ ²¨§¨·Ê¥É¸Ö ¢
μÉ¤¥²Ó´ÒÌ ¶μ¤· §¤¥² Ì.

2.1. ˆ¸¶μ²Ó§μ¢ ´¨¥ k0 ¢ ± Î¥¸É¢¥ k2. ‚ ¸μ¡ÒÉ¨ÖÌ, ¢ ±μÉμ·ÒÌ ¶μ¶¥·¥Î´ Ö Ô´¥·£¨Ö ¶¥·-
¢μ° ¸É·Ê¨ ¶·¨´ ¤²¥¦¨É μÉ¤¥²Ó´Ò³ ¨´É¥·¢ ² ³ (10), ¸¶¥±É·Ò ¶μ¶¥·¥Î´ÒÌ Ô´¥·£¨° ¢Éμ·μ°
¸É·Ê¨ Ejet

T2 ¡Ê¤ÊÉ · §²¨Î´Ò³¨ ¨ ¡Ê¤ÊÉ μÉ²¨Î ÉÓ¸Ö μÉ ¸¶¥±É·  Ejet
T2 ¢ ¸μ¡ÒÉ¨ÖÌ, ¢ ±μÉμ·ÒÌ

¶μ¶¥·¥Î´ Ö Ô´¥·£¨Ö ¶¥·¢μ° ¸É·Ê¨ ¶·¨´ ¤²¥¦¨É ¢¸¥³Ê ¨´É¥·¢ ²Ê (30, 250) ƒÔ‚ (·¨¸. 1).
‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ÔÉ¨³ ¸¶¥±É· ³ Ejet

T2 ± ²¨¡·μ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ ¡Ê¤ÊÉ É ±¦¥ · §-
²¨Î´Ò³¨.

’ ±¨³ μ¡· §μ³, ¨¸¶μ²Ó§μ¢ ´¨¥ ±μÔËË¨Í¨¥´É  k0 ¢ ¸μμÉ´μÏ¥´¨¨ (11) ¢´μ¸¨É ¸¤¢¨£ ¢
Ï± ²Ê Ô´¥·£¨¨ ¸É·Ê¨:

Δk
(1)
jet =

〈mjj〉2
m2

W k0
− 〈mjj〉2

m2
W k2

, S(1) ≡
Δk

(1)
jet

kjet
≈ k2 − k0

k0
. (15)

�É¨ ¸¤¢¨£¨ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 8. „²Ö ®calo¯- ¨ ®ZSP¯-¸É·Ê° μ´¨ ´ Ìμ¤ÖÉ¸Ö ¢ ¶·¥-
¤¥² Ì ±2% §  ¨¸±²ÕÎ¥´¨¥³ μ¡² ¸É¨ Ejet

T > 150 ƒÔ‚, £¤¥ ¸¤¢¨£ ¤μ¸É¨£ ¥É 6% ¢ ¸²ÊÎ ¥
®calo¯-¸É·Ê°.

�¨¸. 1. ˆ¸É¨´´Ò¥ §´ Î¥´¨Ö ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¤²Ö ®calo¯-¸É·Ê° ¸ ¶μ¶¥·¥Î´Ò³¨ Ô´¥·-
£¨Ö³¨, ¶·¨´ ¤²¥¦ Ð¨³¨ μ¡² ¸É¨ (12, 200) ƒÔ‚, ¢ ¸²ÊÎ ÖÌ ±μ£¤  ¶μ¶¥·¥Î´Ò¥ Ô´¥·£¨¨ μ¡¥¨Ì ¸É·Ê°

μÉ · ¸¶ ¤  W -¡μ§μ´  ¶·¨´ ¤²¥¦ É ÔÉμ° μ¡² ¸É¨ (¸²ÊÎ ° k0) ¨ ±μ£¤  ¶μ¶¥·¥Î´ Ö Ô´¥·£¨Ö ¤·Ê£μ°

¸É·Ê¨ ¡¥·¥É¸Ö ¢ μ¤´μ³ ¨§ Ï¥¸É¨ ¨´É¥·¢ ²μ¢ (10) ÔÉμ° μ¡² ¸É¨
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2.2. ‘É É¨¸É¨Î¥¸±μ¥ μÉ±²μ´¥´¨¥ ·¥±μ´¸É·Ê¨·μ¢ ´´μ° Ô´¥·£¨¨ ¸É·Ê¨. � ²¨Î¨¥ ¸É -
É¨¸É¨Î¥¸±μ£μ μÉ±²μ´¥´¨Ö ·¥±μ´¸É·Ê¨·μ¢ ´´μ° Ô´¥·£¨¨ ¸É·Ê¨ ¶·¨¢μ¤¨É ¤ ¦¥ ¢ ¸²ÊÎ ¥
ÉμÎ´μ μÉ± ²¨¡·μ¢ ´´ÒÌ ´  Ô´¥·£¨Õ ±¢ ·±  ¸É·Ê° (kjet = 1) ± ´ ·ÊÏ¥´¨Õ ± ²¨¡·μ¢μÎ-
´μ£μ ¸μμÉ´μÏ¥´¨Ö (4). „¥°¸É¢¨É¥²Ó´μ, ¨§³¥·¥´´ Ö ¶μ¶¥·¥Î´ Ö Ô´¥·£¨Ö ¸É·Ê¨ μ¶·¥¤¥²¨É
¢ ÔÉμ³ ¸²ÊÎ ¥ ¶μ¶¥·¥Î´ÊÕ Ô´¥·£¨Õ ±¢ ·±  ¸ ´¥±μÉμ·μ° ¶μ£·¥Ï´μ¸ÉÓÕ δ ¨ ³μ¦¥É ¡ÒÉÓ
¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥

Ejet
T = Eq

T (1 + δ). (16)

�·¨ ÔÉμ³ ¸μμÉ´μÏ¥´¨¥ (8) ¸ ÊÎ¥Éμ³ (4)Ä(7) § ¶¨Ï¥É¸Ö ± ±〈
mjj√
k1k2

〉
= mW (1 − Δm), (17)

£¤¥

Δm ≡ 〈1 −
√

1 + δ1 + δ2 + δ1δ2〉. (18)

�¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¶μ¶· ¢±¨ Δm ¢ ¸²ÊÎ ¥ ´μ·³ ²Ó´μ£μ § ±μ´a · ¸¶·¥¤¥²¥´¨Ö ¶μ-
£·¥Ï´μ¸É¨ δ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2. �μ¶· ¢±¨ · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¤²Ö ¸²ÊÎ ¥¢, ±μ£¤  ¶μ-
£·¥Ï´μ¸ÉÓ δ ¤²Ö μ¤´μ° ¨§ ¸É·Ê° μÉ · ¸¶ ¤  W -¡μ§μ´  (δ1) · ¸¶·¥¤¥²¥´  ¶μ ´μ·³ ²Ó´μ³Ê
§ ±μ´Ê ¸μ ¸·¥¤´¥±¢ ¤· É¨Î´Ò³ μÉ±²μ´¥´¨¥³ 0,08 < σ < 0,25,   ¤²Ö ¢Éμ·μ° ¸É·Ê¨ (δ2) Å
¸μ ¸·¥¤´¥±¢ ¤· É¨Î´Ò³ μÉ±²μ´¥´¨¥³ σ = 0,18 ¤²Ö ®calo¯- ¨ σ = 0,15 ¤²Ö ®ZSP¯-¸É·Ê°.
�Éμ ¸μμÉ¢¥É¸É¢Ê¥É ¸²ÊÎ Ö³, ±μ£¤  ¶μ¶¥·¥Î´ Ö Ô´¥·£¨Ö μ¤´μ£μ ¨§ ±¢ ·±μ¢ ¶·¨´ ¤²¥¦¨É
μ¤´μ³Ê ¨§ ¨´É¥·¢ ²μ¢:

Eq
T1 ∈ (30, 40), (40, 50), (50, 70), (70, 100), (100, 150) ¨²¨ (150, 250) ƒÔ‚, (19)

  ¶μ¶¥·¥Î´ Ö Ô´¥·£¨Ö ¤·Ê£μ£μ ±¢ ·±  ¶·¨´ ¤²¥¦¨É ¢¸¥³Ê ¨¸¸²¥¤Ê¥³μ³Ê ¨´É¥·¢ ²Ê
(30, 250) ƒÔ‚.

�¨¸. 2. a) ‘·¥¤´¥±¢ ¤· É¨Î´μ¥ μÉ±²μ´¥´¨¥ μÉ´μÏ¥´¨Ö X ≡ Ejet
T /Eq

T ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ¶¥·¥Î´μ°
Ô´¥·£¨¨ ±¢ ·±  ¤²Ö ®calo¯- ¨ ®ZSP¯-¸É·Ê°, ·μ¦¤¥´´ÒÌ μÉ · ¸¶ ¤  W -¡μ§μ´ . ¡) �μ¶· ¢±¨ Δm ¢

§ ¢¨¸¨³μ¸É¨ μÉ ÔÉμ£μ c·¥¤´¥±¢ ¤· É¨Î´μ£μ μÉ±²μ´¥´¨Ö, · ¸¸Î¨É ´´Ò¥  ¶¶·μ±¸¨³ Í¨¥° · ¸¶·¥¤¥-
²¥´¨° 1 −

√
1 + δ1 + δ2 + δ1δ2 ËÊ´±Í¨¥° ƒ Ê¸¸  ¢ μ¡² ¸É¨ μ ± σ (®1σ-ˇt¯) ¨ μ ± 3σ (®3σ-ˇt¯)
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�¨¸. 3. C¨¸É¥³ É¨Î¥¸±¨¥ ¸¤¢¨£¨ Ï± ²Ò

Ô´¥·£¨¨ ¸É·Ê¨ Si, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ · §-

²¨Î´Ò³ ÔËË¥±É ³ (i = 1, 2, . . . , 7) ¢ § -

¢¨¸¨³μ¸É¨ μÉ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ±¢ ·± 
¤²Ö ®calo¯-¸É·Ê°

� °¤¥´´Ò¥ ¶μ¶· ¢±¨ ¶·¨ §´ Î¥´¨ÖÌ ¤¨¸¶¥·-
¸¨° · ¸¶·¥¤¥²¥´¨° Ejet

T /Eq
T , ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì

¨´É¥·¢ ²Ê 30 < Eq
T < 250 ƒÔ‚ (·¨¸. 2, a), ¸μ-

¸É ¢²ÖÕÉ μÉ 0,8 ¤μ 0,1 % (·¨¸. 2, ¡).
	¥§ ÊÎ¥É  ¶μ¶· ¢±¨ Δm ¢ Ï± ²Ê Ô´¥·£¨¨

¸É·Ê¨ ¸μ£² ¸´μ (11), (17) ¢´μ¸¨É¸Ö ¸¨¸É¥³ É¨Î¥-
¸±¨° ¸¤¢¨£:

Δk
(2)
jet =

〈mjj〉2
m2

W k0
− 〈mjj〉2

m2
W (1 − Δm)2k0

,

(20)

S(2) ≡
Δk

(2)
jet

kjet
≈ −2Δm,

¸μ¸É ¢²ÖÕÐ¨° μÉ −1,4 ¤μ −0,2% ¤²Ö §´ Î¥´¨°
kjet ¢ ¨´É¥·¢ ²¥ 30 < Eq

T < 250 ƒÔ‚ (·¨¸. 3).
„²Ö §´ Î¥´¨Ö k0 ÔÉμÉ ¸¤¢¨£ ¸μ¸É ¢²Ö¥É −1,4%
¤²Ö ®calo¯- ¨ −1% ¤²Ö ®ZSP¯- ¨ ®ZSP+JPT¯-
¸É·Ê°.

2.3. �É±²μ´¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö Ejet
T /Eq

T

μÉ ´μ·³ ²Ó´μ£μ § ±μ´ . �¥§Ê²ÓÉ¨·ÊÕÐ¨° ¸¤¢¨£
Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨, μ¡Ê¸²μ¢²¥´´Ò° ¨¸¶μ²Ó§μ-
¢ ´¨¥³ k0 ¢ ± Î¥¸É¢¥ k2 ¨ ´ ²¨Î¨¥³ Ô´¥·£¥É¨-
Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¸É·Ê¨, ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ³μ-

¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´ ± ± ¸Ê³³  ¸¤¢¨£μ¢ Δk
(1)
jet ,

Δk
(2)
jet ¨ ¤μ¶μ²´¨É¥²Ó´μ£μ ¸¤¢¨£  Δk

(3)
jet , μ¡Ê-

¸²μ¢²¥´´μ£μ μÉ±²μ´¥´¨¥³ Ëμ·³Ò · ¸¶·¥¤¥²¥´¨Ö
Ejet

T /Eq
T μÉ ´μ·³ ²Ó´μ£μ:

k
(3)
jet − ktrue

jet = Δk
(1)
jet + Δk

(2)
jet + Δk

(3)
jet . (21)

�·¨ ¤ ´´ÒÌ μÍ¥´± Ì ¨¸¸²¥¤μ¢ ²μ¸Ó ¢²¨Ö´¨¥ ²¨ÏÓ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¸É·Ê°
¡¥§ ÊÎ¥É  Ê£²μ¢ÒÌ ¸³¥Ð¥´¨° ¸É·Ê°. �μÔÉμ³Ê ± ²¨¡·μ¢μÎ´Ò° ±μÔËË¨Í¨¥´É μ¶·¥¤¥²Ö²¸Ö
¶μ ¸¶¥±É·Ê ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò, · ¸¸Î¨É ´´μ° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±¢ ·±μ¢μ£μ Ê£²μ¢μ£μ
³´μ¦¨É¥²Ö fqq (5):

k
(3)
jet =

〈m′
jj〉2

m2
W k0

, m′
jj ≡

√
Ejet

T1E
jet
T2fqq. (22)

� ¸Î¥ÉÒ ¢Ò¶μ²´Ö²¨¸Ó ¢ ¨´É¥·¢ ² Ì ¶μ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ±¢ ·± : Eq
T1. ‘É·Ê¨ μÉ · ¸-

¶ ¤  W -¡μ§μ´ , ± ± ¨ ¢ ¶μ¸²¥¤ÊÕÐ¨Ì ¤¢ÊÌ ¶μ¤· §¤¥² Ì, ¨¤¥´É¨Ë¨Í¨·μ¢ ²¨¸Ó ´  μ¸´μ¢¥
PYTHIA-¨´Ëμ·³ Í¨¨.

‘¤¢¨£ Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ (21), (22) μ¶·¥¤¥²¨É¸Ö ± ±

Δk
(3)
jet = (k(3)

jet − ktrue
jet ) − Δk

(1)
jet − Δk

(2)
jet . (23)

�ÉμÉ ¸¤¢¨£ ¢ ¨´É¥·¢ ²¥ 30 < Eq
T < 250 ƒÔ‚ ¸μ¸É ¢²Ö¥É μÉ −1,6 ¤μ +2,5 % ¤²Ö ®calo¯-

¸É·Ê° ¨ μÉ −1,3 ¤μ 1 % ¤²Ö ®ZSP¯-¸É·Ê° (·¨¸. 3). ‘μμÉ¢¥É¸É¢ÊÕÐ¨° ¸¤¢¨£ k0 ¸μ¸É -
¢²Ö¥É −2,2% ¤²Ö ®calo¯- ¨ −1,5% ¤²Ö ®ZSP¯-¸É·Ê°.
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2.4. “£²μ¢Ò¥ ¸³¥Ð¥´¨Ö ¸É·Ê°. “£²μ¢μ° ³´μ¦¨É¥²Ó fjj , ¢Ìμ¤ÖÐ¨° ¢ ¢Ò· ¦¥´¨¥ ¤²Ö
¨´¢ ·¨ ´É´μ° ³ ¸¸Ò, ¢ ¸·¥¤´¥³ ³¥´ÓÏ¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ³´μ¦¨É¥²Ö ¤²Ö ±¢ ·±μ¢ (fqq)
´  1Ä4% ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ¶¥·¥Î´ÒÌ Ô´¥·£¨° ±¢ ·±μ¢ (·¨¸. 4, a). �Éμ ¸¢Ö§ ´μ ¸ Ê³¥´Ó-
Ï¥´¨¥³ ¨´É¥·¢ ²  ³¥¦¤Ê ¸É·ÊÖ³¨ ¶μ ¸· ¢´¥´¨Õ ¸ ¨´É¥·¢ ²μ³ ³¥¦¤Ê ±¢ ·± ³¨, ÎÉμ Ì -
· ±É¥·´μ ± ± ¤²Ö ¶¸¥¢¤μ¡Ò¸É·μÉ, É ± ¨  §¨³ÊÉ ²Ó´μ£μ Ê£²  (·¨¸. 4) ¨ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³
Ê³¥´ÓÏ¥´¨Ö ¶μ²´μ£μ ¨´É¥·¢ ²  ³¥¦¤Ê ¸É·ÊÖ³¨ ¢ η-φ-¶·μ¸É· ´¸É¢¥ ¶·¨³¥·´μ ´  0,04 · ¤.
�Éμ Ê³¥´ÓÏ¥´¨¥ μ¡ÑÖ¸´Ö¥É¸Ö, ¢ Î ¸É´μ¸É¨, ÔËË¥±Éμ³ Ê·μ¢´Ö Î ¸É¨Í (·¨¸. 4, ¡): ¢¸²¥¤-
¸É¢¨¥ ¶μ¶ ¤ ´¨Ö ¢ ¤ ´´ÊÕ ¸É·ÊÕ Î ¸É¨Í ¨§ ¤·Ê£μ° ¸É·Ê¨ Í¥´É· ÉÖ¦¥¸É¨ ¤ ´´μ° ¸É·Ê¨
μ± §Ò¢ ¥É¸Ö ¸³¥Ð¥´´Ò³ ¢ ¸Éμ·μ´Ê ¤·Ê£μ° ¸É·Ê¨.

�¨¸. 4. �É´μ¸¨É¥²Ó´Ò¥ · §´μ¸É¨ Ê£²μ¢ÒÌ ³´μ¦¨É¥²¥° fqq − fjj ¨ ¨´É¥·¢ ²μ¢ ¶μ ¶¸¥¢¤μ¡Ò¸É·μÉ¥

(δηqj =
Δηqq − Δηjj

Δηqq
, £¤¥ Δηqq = |ηq

1 − ηq
2 |, Δηjj = |ηjet

1 − ηjet
2 |),  §¨³ÊÉ ²Ó´μ³Ê Ê£²Ê (δφqj) ¨

¨´É¥·¢ ²μ¢ ¢ η-φ-¶·μ¸É· ´¸É¢¥ (δrqj) ³¥¦¤Ê ¶ · ³¨ ±¢ ·±μ¢ ¨ ¶ · ³¨ ¸É·Ê° μÉ · ¸¶ ¤  W -¡μ§μ´ 
¤²Ö ¸²ÊÎ ¥¢ ®calo¯-¸É·Ê° (a) ¨ ¸É·Ê° Ê·μ¢´Ö Î ¸É¨Í (¡) ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨

±¢ ·±μ¢

“± § ´´Ò° ÔËË¥±É ¶·¨¢μ¤¨É ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ (5)Ä(8) ¨ (22) ± ¸¤¢¨£Ê Ï± ²Ò Ô´¥·£¨¨
¸É·Ê¨, · ¢´μ³Ê

Δk
(4)
jet =

〈mjj〉2
m2

W k0
−

〈m′
jj〉2

m2
W k0

. (24)

�ÉμÉ ¸¤¢¨£ ¤μ¸É¨£ ¥É −5% (·¨¸. 3). ‘μμÉ¢¥É¸É¢ÊÕÐ¨° ¸¤¢¨£ ¤²Ö k0 ¸μ¸É ¢²Ö¥É μ±μ²μ −4%.
‡´ Î¨É¥²Ó´μ¥ ¸¨¸É¥³ É¨Î¥¸±μ¥ ¸³¥Ð¥´¨¥ Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨, ¸¢Ö§ ´´μ¥ ¸ Ê³¥´Ó-

Ï¥´¨¥³ ¨´É¥·¢ ²  ³¥¦¤Ê ¸É·ÊÖ³¨ ¢ ·¥§Ê²ÓÉ É¥ Ë· £³¥´É Í¨¨ ±¢ ·±μ¢, Ö¢²Ö¥É¸Ö μ¤´μ° ¨§
´ ¨¡μ²¥¥ ¸¥·Ó¥§´ÒÌ ¶·μ¡²¥³ · ¸¸³ É·¨¢ ¥³μ° ³¥Éμ¤¨±¨.

2.5. � ¸Î¥ÉÒ ¢ ¨´É¥·¢ ² Ì ¶μ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ¸É·Ê¨. �¶·¥¤¥²¥´¨¥ ET -§ ¢¨¸¨-
³μ¸É¨ Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨ ¢ ¨¸¸²¥¤Ê¥³μ° ³¥Éμ¤¨±¥ ´¥ Ö¢²Ö¥É¸Ö ¢¶μ²´¥ ±μ··¥±É´Ò³,
É ± ± ± ± ²¨¡·μ¢±  ´  ¶μ¶¥·¥Î´ÊÕ Ô´¥·£¨Õ ±¢ ·±  ¶·¥¤¶μ² £ ¥É ´ Ìμ¦¤¥´¨¥ ± ²¨¡·μ-
¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¢ ¨´É¥·¢ ² Ì ¶μ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ±¢ ·± . ˆ¸¶μ²Ó§μ¢ ´¨¥ ¦¥
¨´É¥·¢ ²μ¢ ¶μ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ¸É·Ê¨ ¶·¨¢μ¤¨É ± ¸¨¸É¥³ É¨Î¥¸±μ³Ê ¸³¥Ð¥´¨Õ ÔÉ¨Ì
±μÔËË¨Í¨¥´Éμ¢. �Éμ ¸³¥Ð¥´¨¥ Ê¸É· ´Ö¥É¸Ö ¶·¨ ´ Ìμ¦¤¥´¨¨ ± ²¨¡·μ¢μÎ´μ£μ ±μÔËË¨Í¨-
¥´É  k0 ¤²Ö ¢¸¥£μ ¨´É¥·¢ ²  ¶μ¶¥·¥Î´ÒÌ Ô´¥·£¨° ¸É·Ê°, ±μ£¤  ¨³¥¥É ³¥¸Éμ ¸μμÉ¢¥É¸É¢¨¥
¨´É¥·¢ ²μ¢ ¶μ ¶μ¶¥·¥Î´Ò³ Ô´¥·£¨Ö³ ±¢ ·±  ¨ ¸É·Ê¨ (·¨¸. 5,  , ¡). �¤´ ±μ ¨§-§  ´ ²¨-
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�¨¸. 5. �²μÉ´μ¸É¨ ËÊ´±Í¨° · ¸¶·¥¤¥²¥´¨Ö ¶μ¶¥·¥Î´ÒÌ Ô´¥·£¨° ±¢ ·±μ¢ (a) ¨ ¸É·Ê° (¡) μÉ · ¸-
¶ ¤  W ¡¥§ ´ ²μ¦¥´¨Ö ¨ ¸ ´ ²μ¦¥´¨¥³ μ£· ´¨Î¥´¨° ´  ¶μ¶¥·¥Î´Ò¥ Ô´¥·£¨¨ ¸É·Ê° Ejet

T > 20 ƒÔ‚.

¢) ‡´ Î¥´¨Ö ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ´¨¦´¨Ì μ£· ´¨Î¥´¨° ´  ¶μ¶¥·¥Î´Ò¥

Ô´¥·£¨¨ ±¢ ·±μ¢ Eq
T (¸²ÊÎ ° k

(4)
0 ) ¨ μÉ± ²¨¡·μ¢ ´´ÒÌ ¸É·Ê° Ejet

T /kjet (¸²ÊÎ ° k
(5)
0 ). £) �É´μ¸¨-

É¥²Ó´Ò¥ · §´μ¸É¨ ÔÉ¨Ì ±μÔËË¨Í¨¥´Éμ¢, ¸²ÊÎ ° ®ZSP¯-¸É·Ê°

Î¨Ö ¢ Ô±¸¶¥·¨³¥´É¥ μ£· ´¨Î¥´¨Ö ´  ¨§³¥·¥´´Ò¥ ¶μ¶¥·¥Î´Ò¥ Ô´¥·£¨¨ ¸É·Ê° Ê± § ´´Ò°
¸¤¢¨£ Î ¸É¨Î´μ ¸μÌ· ´¨É¸Ö ¨ ¶·¨ · ¸Î¥É¥ k0 ¨ ¡Ê¤¥É ¢μ§· ¸É ÉÓ ¸ ·μ¸Éμ³ μ£· ´¨Î¥´¨Ö ´ 
³¨´¨³ ²Ó´Ò¥ ¶μ¶¥·¥Î´Ò¥ Ô´¥·£¨¨ ¸É·Ê° (·¨¸. 5, ¢, £).

�·¨ ¢Ò¶μ²´¥´¨¨ · ¸Î¥Éμ¢ ¢ ¨´É¥·¢ ² Ì ¶μ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ¸É·Ê¨ ´ °¤¥´´μ¥

¢ ÉμÎ±¥ Ejet
T §´ Î¥´¨¥ ± ²¨¡·μ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  k

(5)
jet = k

(5)
jet (Ejet

T ) ¡Ê¤¥É ¸μμÉ¢¥É-

¸É¢μ¢ ÉÓ ¶·μ£´μ§¨·Ê¥³μ³Ê §´ Î¥´¨Õ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ±¢ ·±  Eq
T = Ejet

T /k
(5)
jet (E

jet
T ).

� §´¨Í  ³¥¦¤Ê ÔÉ¨³ ± ²¨¡·μ¢μÎ´Ò³ ±μÔËË¨Í¨¥´Éμ³ ¨ ± ²¨¡·μ¢μÎ´Ò³ ±μÔËË¨Í¨¥´Éμ³,

´ °¤¥´´Ò³ ¢ ¨´É¥·¢ ² Ì ¶μ ¶μ¶¥·¥Î´μ° Ô´¥·£¨¨ ±¢ ·±  k
(4)
jet (Eq

T ) ¢ Éμ° ¦¥ ÉμÎ±¥ Eq
T ,

μ¶·¥¤¥²¨É ¸³¥Ð¥´¨¥ Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨, ¸¢Ö§ ´´μ¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨´É¥·¢ ²μ¢ ¶μ Ejet
T

¢³¥¸Éμ ¨´É¥·¢ ²μ¢ ¶μ Eq
T :

Δk
(5)
jet (Eq

T ) = k
(5)
jet (Eq

T k
(5)
jet ) − k

(4)
jet (Eq

T ). (25)

� ¡²Õ¤ ¥É¸Ö ¸³¥Ð¥´¨¥ ¡μ²¥¥ Î¥³ ´  5 % ¢ ¸Éμ·μ´Ê μÉ·¨Í É¥²Ó´ÒÌ §´ Î¥´¨° ¶·¨ Eq
T <

50 ƒÔ‚ ¨ μÉ 0 ¤μ 5 % ¢ ¸Éμ·μ´Ê ¶μ²μ¦¨É¥²Ó´ÒÌ §´ Î¥´¨° Eq
T > 50 ƒÔ‚ (·¨¸. 3). ‚ ·¥-

§Ê²ÓÉ É¥ ¸ÊÐ¥¸É¢¥´´μ ÊÌÊ¤Ï ¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ± ²¨¡·μ¢±¨ ¸É·Ê° ¢ μ¡² ¸É¨ Eq
T < 50 ƒÔ‚
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(·¨¸. 3). ‘μμÉ¢¥É¸É¢ÊÕÐ¨° ¸¤¢¨£ k0 ¸μ¸É ¢²Ö¥É 1,1 % ¤²Ö ®calo¯- ¨ 1,8% ¤²Ö ®ZSP¯- ¨
®ZSP+ JPT¯-¸É·Ê°.

2.6. ‚²¨Ö´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¸É·Ê°. Š ± Ê± §Ò¢ ²μ¸Ó ¢μ ¢¢¥¤¥´¨¨, ¤²Ö · ¸Î¥É  ± -
²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¤μ²¦´Ò ¡ÒÉÓ μÉμ¡· ´Ò ¸μ¡ÒÉ¨Ö, ¢ ±μÉμ·ÒÌ ±·μ³¥ ¤¢ÊÌ
b-¸É·Ê° ¨³¥ÕÉ¸Ö ¢¸¥£μ ¤¢¥ ¸É·Ê¨ ¸ ¶μ¶¥·¥Î´Ò³¨ Ô´¥·£¨Ö³¨ ¢ÒÏ¥ ¶μ·μ£ , ±μÉμ·Ò° ¤²Ö
®calo¯-¸É·Ê° ¸μ¸É ¢²Ö¥É 12 ƒÔ‚. �¤´ ±μ ¤ ¦¥ ¶·¨ μÉ¸ÊÉ¸É¢¨¨ Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨° ¢ ¸μ¡Ò-
É¨ÖÌ (1) ¨³¥ÕÉ¸Ö ¤μ¶μ²´¨É¥²Ó´Ò¥ ¸É·Ê¨ μÉ ¨§²ÊÎ¥´¨Ö ¢ ´ Î ²Ó´μ³ ¨ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨,
±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¨¤¥´É¨Ë¨Í¨·μ¢ ´Ò ± ± ¸É·Ê¨ μÉ · ¸¶ ¤  W .

‚ ¸²ÊÎ ¥ ®calo¯-¸É·Ê° ¤μ²Ö μÉμ¡· ´´ÒÌ ¸μ¡ÒÉ¨° ¸ ¤μ¶μ²´¨É¥²Ó´Ò³¨ ¸É·ÊÖ³¨ ¸μ-
¸É ¢²Ö¥É ¢ μ¡² ¸É¨ ³ ±¸¨³Ê³  ¸¶¥±É·  ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ μÉ ¶μ²μ¢¨´Ò ¤μ ¶ÖÉμ° Î ¸É¨
¸·¥¤¨ ¢¸¥Ì μÉμ¡· ´´ÒÌ ¸μ¡ÒÉ¨° (·¨¸. 6). �·¨ ÔÉμ³ ³ ±¸¨³Ê³ ¸¶¥±É·  ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸
´¥¢¥·´ÒÌ ±μ³¡¨´ Í¨° ¸É·Ê° ¶·¨ ³ ²ÒÌ Ejet

T ¸³¥Ð¥´ ¢ μÉ·¨Í É¥²Ó´μ³ ´ ¶· ¢²¥´¨¨ ¶μ

¸· ¢´¥´¨Õ ¸μ ¸²ÊÎ Ö³¨ ¢¥·´ÒÌ ±μ³¡¨´ Í¨°,   ¶·¨ Ejet
T > 40 ƒÔ‚ Å ¢ ¶μ²μ¦¨É¥²Ó´μ³

(·¨¸. 6). �Éμ ¶·¨¢μ¤¨É ± ¸³¥Ð¥´¨Ö³ ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¤²Ö ®calo¯-¸É·Ê°
μÉ −2 ¤μ +3%. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸³¥Ð¥´¨Ö k0 ¸μ¸É ¢²ÖÕÉ −1,7 % ¤²Ö ®calo¯-, +0,4%
¤²Ö ®ZSP¯- ¨ +0,6% ¤²Ö ®ZSP+ JPT¯-¸É·Ê°.

�¨¸. 6. �²μÉ´μ¸É¨ ËÊ´±Í¨° · ¸¶·¥¤¥²¥´¨Ö ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ ¶ · ¸É·Ê°, μÉμ¡· ´´ÒÌ ¢ ± Î¥-

¸É¢¥ ¶·¥É¥´¤¥´Éμ¢ ´  ¸É·Ê¨ μÉ · ¸¶ ¤  W -¡μ§μ´  (®all¯), ¨ ¢±² ¤Ò ¢ ´¨Ì ¶· ¢¨²Ó´μ ¨ μÏ¨¡μÎ´μ
μÉμ¡· ´´ÒÌ ¶ ·. ‘²ÊÎ ° ®calo¯-¸É·Ê°. �É¡μ·Ò ¢Ò¶μ²´Ö²¨¸Ó ¶·¨ Ê¸²μ¢¨¨ ÉμÎ´μ° ¨¤¥´É¨Ë¨± Í¨¨

b-¸É·Ê° ´  μ¸´μ¢¥ PYTHIA-¨´Ëμ·³ Í¨¨.  ) 12 < Ejet
T < 18 ƒÔ‚; ¡) 70 < Ejet

T < 120 ƒÔ‚

�μ²ÊÎ¥´´ Ö μÍ¥´±  ¸¤¢¨£  S6 Ö¢²Ö¥É¸Ö Ê¸²μ¢´μ°. �´  ¶μ²ÊÎ¥´  ¶ÊÉ¥³ ¸· ¢´¥´¨Ö §´ -

Î¥´¨° k
(6)
jet ¨ k

(5)
jet :

S6 ≡
Δk

(6)
jet

kjet
, Δk

(6)
jet = k

(6)
jet − k

(5)
jet . (26)

�·¨ ÔÉμ³ §´ Î¥´¨Ö k
(6)
jet · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Ò¡μ·μ± ¸μ¡ÒÉ¨°, ¢ ±μÉμ-

·ÒÌ ¨³¥²¨¸Ó ¢¸¥£μ ¤¢¥ ¸É·Ê¨, ¶μ¶¥·¥Î´Ò¥ Ô´¥·£¨¨ ±μÉμ·ÒÌ ¶μ¸²¥ ± ²¨¡·μ¢±¨ ¶·¥¢Ò-

Ï ²¨ 30 ƒÔ‚, ¢ Éμ ¢·¥³Ö ± ± §´ Î¥´¨Ö k
(5)
jet · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Ò¡μ·μ±

¸μ¡ÒÉ¨° ¸ ¶·μ¨§¢μ²Ó´Ò³ ±μ²¨Î¥¸É¢μ³ ¸É·Ê°. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ μ¤¨´ ±μ¢ÒÌ ¢Ò¡μ·μ±
¶·¨ · ¸Î¥É¥ S6 ·¥§Ê²ÓÉ É ¡Ê¤¥É ´¥¸±μ²Ó±μ μÉ²¨Î ÉÓ¸Ö.

‚  ´ ²¨§¥, ¶·¥¤¸É ¢²¥´´μ³ ¢ ¤ ´´μ³ ¶μ¤· §¤¥²¥, ¨¤¥´É¨Ë¨± Í¨Ö b-¸É·Ê° ¶·μ¨§¢μ¤¨-
² ¸Ó ´  μ¸´μ¢¥ PYTHIA-¨´Ëμ·³ Í¨¨.
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�¨¸. 7. �²μÉ´μ¸É¨ ËÊ´±Í¨° · ¸¶·¥¤¥²¥´¨Ö ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ ¶ · ¸É·Ê°, μÉμ¡· ´´ÒÌ ¢ ± Î¥¸É¢¥

¶·¥É¥´¤¥´Éμ¢ ´  ¸É·Ê¨ μÉ · ¸¶ ¤  W -¡μ§μ´ , ¸μ¤¥·¦ Ð¨Ì ¨ ´¥ ¸μ¤¥·¦ Ð¨Ì b-¸É·Ê¨. ‘²ÊÎ ° ®calo¯-

¸É·Ê°.  ) 12 < Ejet
T < 18 ƒÔ‚; ¡) 70 < Ejet

T < 120 ƒÔ‚

2.7. ‚²¨Ö´¨¥ Î¨¸ÉμÉÒ μÉ¡μ·  b-¸É·Ê°. �²£μ·¨É³ ¨¤¥´É¨Ë¨± Í¨¨ b-¸É·Ê°, ¶·¨³¥´Ö¥-
³Ò° ¢ CMSSW, ¨³¥¥É ÔËË¥±É¨¢´μ¸ÉÓ ´¥ ¡μ²¥¥ 60% ¨ Î¨¸ÉμÉÊ ´¥ ¡μ²¥¥ 90 %. �μÔÉμ³Ê
¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ÔÉμ£μ  ²£μ·¨É³  (¢³¥¸Éμ ¨¤¥´É¨Ë¨± Í¨¨ b-¸É·Ê° ´  μ¸´μ¢¥ PYTHIA-
¨´Ëμ·³ Í¨¨, ±μÉμ· Ö ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢μ ¢¸¥³ ¶·¥¤Ò¤ÊÐ¥³  ´ ²¨§¥) ¸·¥¤¨ · ¸¸³ É·¨¢ -
¥³ÒÌ ¢ ¶μ¤· §¤¥²¥ 2.6 ´¥¢¥·´ÒÌ ±μ³¡¨´ Í¨° ¸É·Ê° μ± ¦¥É¸Ö ´¥±μÉμ· Ö ¤μ²Ö b-¸É·Ê°.
‚ μ¡² ¸É¨ ³ ±¸¨³Ê³  ¸¶¥±É·  ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ ±μ³¡¨´ Í¨¨ ¸ b-¸É·ÊÖ³¨ ¡Ê¤ÊÉ ¸μ¸É -
¢²ÖÉÓ ¤μ 10% ¢¸¥Ì μÉμ¡· ´´ÒÌ ±μ³¡¨´ Í¨°. �·¨ ÔÉμ³ ³ ±¸¨³Ê³ ¸¶¥±É·  ¨´¢ ·¨ ´É-
´ÒÌ ³ ¸¸ ±μ³¡¨´ Í¨° ¸ b-¸É·ÊÖ³¨ ¸³¥Ð¥´ ¢ ¶μ²μ¦¨É¥²Ó´ÊÕ μ¡² ¸ÉÓ ´  ¢¥²¨Î¨´Ê μÉ 2
¤μ 50 % ¶μ μÉ´μÏ¥´¨Õ ± ¸¶¥±É·Ê ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ ±μ³¡¨´ Í¨° ¡¥§ b-¸É·Ê° (·¨¸. 7),
ÎÉμ ¶·¨¢μ¤¨É ± ¸³¥Ð¥´¨Ö³ ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¤μ 3 %. ‘³¥Ð¥´¨¥ k0 ¸μ¸É -
¢²Ö¥É +0,2% ¤²Ö ®calo¯-, +0,4% ¤²Ö ®ZSP¯- ¨ +0,8% ¤²Ö ®ZSP+JPT¯-¸É·Ê°.

‡�Š‹�—…�ˆ…

�  ·¨¸. 8, a ¶·¥¤¸É ¢²¥´Ò ¨¸É¨´´Ò¥ §´ Î¥´¨Ö ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¨ ¨Ì
§´ Î¥´¨Ö, ´ °¤¥´´Ò¥ ¶·¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ³ ´ ²μ¦¥´¨¨ · ¸¸³μÉ·¥´´ÒÌ ÔËË¥±Éμ¢ ¢ ¸²Ê-

�¨¸. 8. a) ˆ¸É¨´´Ò¥ §´ Î¥´¨Ö ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¨ ¨Ì §´ Î¥´¨Ö, ´ °¤¥´´Ò¥ ¶·¨ ¶μ¸²¥-
¤μ¢ É¥²Ó´μ³ ´ ²μ¦¥´¨¨ · §²¨Î´ÒÌ ³¥Éμ¤¨Î¥¸±¨Ì ÔËË¥±Éμ¢ (i = 1, 2, . . . , 7). ¡) C¨¸É¥³ É¨Î¥¸±¨¥

¸¤¢¨£¨ kjet, ¢Ò§¢ ´´Ò¥ ÔÉ¨³¨ ÔËË¥±É ³¨. ‘²ÊÎ ° ®calo¯-¸É·Ê°
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�¨¸. 9. ‘·¥¤´¨¥ §´ Î¥´¨Ö μÉ´μÏ¥´¨°

Ejet
T /Eq

T ¤²Ö ®calo¯- ¨ ®ZSP¯-¸É·Ê° ¤μ
¨ ¶μ¸²¥ ®W → jj¯-±μ··¥±Í¨¨ ¨ ¤²Ö

®ZSP+ JPT¯-¸É·Ê°. ˆ¸¶μ²Ó§μ¢ ´Ò ¸É·Ê¨
²¥£±¨Ì ±¢ ·±μ¢, ·μ¦¤¥´´Ò¥ μÉ · ¸¶ ¤  W -

¡μ§μ´ 

Î ¥ ®calo¯-¸É·Ê°. ‘¨¸É¥³ É¨Î¥¸±¨¥ ¸¤¢¨£¨ kjet,
¢Ò§¢ ´´Ò¥ ÔÉ¨³¨ ÔËË¥±É ³¨, ¶μ± § ´Ò
´  ·¨¸. 8, ¡. Š ± ¢¨¤´μ ¨§ ÔÉ¨Ì ·¨¸Ê´±μ¢
(¸³. É ±¦¥ ·¨¸. 3), ¢ ·¥§Ê²ÓÉ É¥ Î ¸É¨Î´μ° ±μ³-
¶¥´¸ Í¨¨ ¸¤¢¨£μ¢ Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨, ¢Ò-
§¢ ´´μ° · §²¨Î´Ò³¨ ÔËË¥±É ³¨, ¸Ê³³ ·´Ò°
¸¤¢¨£ kjet μ± §Ò¢ ¥É¸Ö §´ Î¨É¥²Ó´Ò³ (¶μ·Ö¤±  ¨
¡μ²¥¥ 10 %) ¤²Ö ®calo¯-¸É·Ê° ¶·¨ Eq

T < 50 ƒÔ‚
¨ ®ZSP¯-¸É·Ê° ¶·¨ Eq

T < 40 ƒÔ‚. ‚ μ¸É ²Ó-
´μ° μ¡² ¸É¨ (50 < Eq

T < 250 ƒÔ‚) μ´ ¸μ¸É -
¢²Ö¥É μÉ −2 ¤μ +6% ¤²Ö ®calo¯-¸É·Ê° ¨ μÉ −5
¤μ +5% ¤²Ö ®ZSP¯-¸É·Ê°, ¢ Éμ ¢·¥³Ö ± ± ¤¥-
Ë¨Í¨É Ô´¥·£¨¨ ¸É·Ê¨ ¸μ¸É ¢²Ö¥É ¢ ÔÉμ° μ¡² ¸É¨
μÉ 25 ¤μ 12% ¤²Ö ®ZSP¯-¸É·Ê° ¨ μÉ 40 ¤μ 20%
¤²Ö ®calo¯-¸É·Ê° (·¨¸. 9).

�  ·¨¸. 9 É ±¦¥ ¸· ¢´¨¢ ÕÉ¸Ö §´ Î¥´¨Ö μÉ-
´μÏ¥´¨° Ejet

T /Eq
T ¤²Ö ®ZSP + JPT¯-¸É·Ê° ¨

¸É·Ê° ¶μ¸²¥ ¢¢¥¤¥´¨Ö ¶μ¶· ¢μ± kjet (®W → jj¯-
±μ··¥±Í¨¨). „²Ö ¶μ¶¥·¥Î´ÒÌ Ô´¥·£¨° ¸É·Ê° ¡μ-
²¥¥ 40 ƒÔ‚ ·¥§Ê²ÓÉ É ®W → jj¯-±μ··¥±Í¨¨
μÉ²¨Î ¥É¸Ö μÉ ®ZSP + JPT¯-¸É·Ê° · §´Ò³¨ ¶μ

§´ ±Ê, ´μ ¡²¨§±¨³¨ ¶μ  ¡¸μ²ÕÉ´μ° ¢¥²¨Î¨´¥ ¸¨¸É¥³ É¨Î¥¸±¨³¨ ¸¤¢¨£ ³¨ §´ Î¥´¨°
Ejet

T /Eq
T , ´ Ìμ¤ÖÐ¨³¨¸Ö ¢ ¶·¥¤¥² Ì 5 %.

‘¨¸É¥³ É¨Î¥¸±¨¥ ¸¤¢¨£¨ ± ²¨¡·μ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  k0 ¤²Ö ¢¸¥° μ¡² ¸É¨ Eq
T >

30 ƒÔ‚ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥. ‡¤¥¸Ó ¶·¨¢¥¤¥´Ò É ±¦¥ ·¥§Ê²ÓÉ ÉÒ ¶·¨³¥´¥´¨Ö ®W →
jj¯-±μ··¥±Í¨¨ ¤²Ö ®ZSP+ JPT¯-¸É·Ê°.

Š ´ ¨¡μ²ÓÏ¨³ ¸¤¢¨£ ³ Ï± ²Ò Ô´¥·£¨¨ ¸É·Ê¨ ¶·¨¢μ¤ÖÉ μÉ±²μ´¥´¨Ö ´ ¶· ¢²¥´¨° ¸É·Ê°
¶μ μÉ´μÏ¥´¨Õ ± ±¢ ·± ³-·μ¤¨É¥²Ö³ ¨ ¸É É¨¸É¨Î¥¸±μ¥ μÉ±²μ´¥´¨¥ ·¥±μ´¸É·Ê¨·μ¢ ´´μ°
Ô´¥·£¨¨ ¸É·Ê¨.

‘²ÊÎ ° ®ZSP¯-¸É·Ê° ¢Ò£²Ö¤¨É ¶·¥¤¶μÎÉ¨É¥²Ó´¥¥ ¸²ÊÎ Ö ®calo¯-¸É·Ê°. Œ¥¦¤Ê É¥³ ¢
μ¡μ¨Ì ¸²ÊÎ ÖÌ ¨§-§  ¸¨²Ó´μ° § ¢¨¸¨³μ¸É¨ μÉ´μÏ¥´¨Ö Ejet

T /Eq
T μÉ Ejet

T ¨¸¶μ²Ó§μ¢ ´¨¥

Š ²¨¡·μ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ k
(i)
0 ¨ ¸¤¢¨£¨ S

(i)
0 ¶·¨ ´ ²μ¦¥´¨¨ μÉ¤¥²Ó´ÒÌ ÔËË¥±Éμ¢

(i = 1, 2, . . . , 7) ¨ ¨Ì ·¥§Ê²ÓÉ¨·ÊÕÐ¨¥ §´ Î¥´¨Ö ¶μ¸²¥ ´ ²μ¦¥´¨Ö ¢¸¥Ì ÔËË¥±Éμ¢ (∗) ¤²Ö ®calo¯-,
®ZSP¯- ¨ ®ZSP + JPT¯-¸É·Ê°

i
®calo¯-¸É·Ê¨ ®ZSP¯-¸É·Ê¨ ®ZSP+ JPT¯-¸É·Ê¨

k
(i)
0 S

(i)
0 , % k

(i)
0 S

(i)
0 , % k

(i)
0 S

(i)
0 , %

1 0,638 0 0,800 0 1,026 0
2 0,629 −1,4±0,0 0,792 −1,0±0,0 1,015 −1,0±0,0
3 0,615 −2,2±0,2 0,780 −1,5±0,2 1,016 −0,0±0,2
4 0,591 −3,9±0,2 0,752 −3,6±0,2 0,982 −3,4±0,2
5 0,597 +1,1±0,3 0,766 +1,8±0,2 0,999 +1,8±0,2
6 0,587 −1,7±0,5 0,769 +0,4±0,3 1,006 +0,6±0,2
7 0,588 +0,2±0,6 0,772 +0,4±0,3 1,013 +0,8±0,4
∗ 0,588 −7,8±0,6 0,772 −3,5±0,3 1,013 −1,2±0,3
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±μÔËË¨Í¨¥´É  k0 ±μ··¥±É´μ ²¨ÏÓ ¶·¨ ¢´¥¸¥´¨¨ ¶μ¶· ¢μ± ´  ÔÉÊ § ¢¨¸¨³μ¸ÉÓ, · ¸¸Î¨-
ÉÒ¢ ¥³ÒÌ, ´ ¶·¨³¥·, ¸ ¶·¨³¥´¥´¨¥³ ³μ´É¥-± ·²μ-³μ¤¥²¨·μ¢ ´¨Ö.
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