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‚²¨Ö´¨¥ Î¥ÉÒ·¥ÌË¥·³¨μ´´ÒÌ ±μ´É ±É´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ´  Ê£²μ¢Ò¥
· ¸¶·¥¤¥²¥´¨Ö ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢ ¢ e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ

�μ± § ´μ, ÎÉμ Î¥ÉÒ·¥ÌË¥·³¨μ´´μ¥ ±μ´É ±É´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ²¥¶Éμ´μ¢ ¨
±¢ ·±μ¢ ¶·¨¢μ¤¨É ± ´ ¡²Õ¤ ¥³Ò³ ÔËË¥±É ³ ¢ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ ²¥¶Éμ´μ¢
¨ ¸É·Ê° ¢ e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ. ’·¥¡μ¢ ´¨Ö,  ´ ²μ£¨Î´Ò¥ ¶·¥¤ÑÖ¢²Ö¥³Ò³ ±
¶ÊÎ± ³ ¨ ¤¥É¥±Éμ·Ê ´  ±μ²² °¤¥·¥ TESLA, ¶μ§¢μ²ÖÉ μ¡´ ·Ê¦¨ÉÓ ÔÉ¨ ÔËË¥±ÉÒ
¨²¨ ¤μ¸É¨£´ÊÉÓ §´ Î¥´¨Ö ³ ¸ÏÉ ¡  Ô´¥·£¨° É ±¨Ì ¢§ ¨³μ¤¥°¸É¢¨° Λ ∼ 25 ’Ô‚
Ê¦¥ ¶·¨ ¨´É¥£· ²Ó´μ° ¸¢¥É¨³μ¸É¨ ∼ 100 Ë¡−1 ¶·¨

√
s = 500 ƒÔ‚.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�. „¦¥²¥¶μ¢ 
�ˆŸˆ.
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Usubov Z.U., Minashvili I. A. P1-2006-56
Impact of the Four-Fermion Contact Interactions on Lepton and
Quark Angular Distributions in e+e−-Collisions

The effects on lepton and quark angular distributions in e+e− collisions due to
the four-fermion contact interactions are considered. It is shown that, under the beam
and detector conditions at TESLA these effects would be discovered or the energy
scale Λ ∼ 25 TeV for such interactions would be achieved at 100 fb−1 of integrated
luminosity and

√
s = 500 GeV.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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‚μ§³μ¦´μ¥ μÉ±·ÒÉ¨¥ ¡μ§μ´  •¨££¸  ´  LHC μ±μ´Î É¥²Ó´μ ÊÉ¢¥·¤¨É ¸É -
ÉÊ¸ ¸É ´¤ ·É´μ° ³μ¤¥²¨ (‘Œ) ± ± ÔËË¥±É¨¢´μ° É¥μ·¨¨ Ô²¥±É·μ¸² ¡ÒÌ ¢§ ¨-
³μ¤¥°¸É¢¨° ¶·¨ Ô´¥·£¨ÖÌ ´¨¦¥ ¶μ·μ£  SU(2) ⊗ U(1)-¸¨³³¥É·¨¨. �·μ¡²¥³Ò,
·¥Ï¥´¨¥ ±μÉμ·ÒÌ ´¥¢μ§³μ¦´μ ¢ · ³± Ì ‘Œ (¨¥· ·Ì¨Ö ³ ¸ÏÉ ¡μ¢ Ô²¥±É·μ-
¸² ¡μ£μ ¨ £· ¢¨É Í¨μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨°, ³ ¸¸  ´¥°É·¨´μ, ³ ¸ÏÉ ¡Ò ´ -
·ÊÏ¥´¨Ö ¸¨³³¥É·¨¨ Ô²¥±É·μ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¨ ‘�-¨´¢ ·¨ ´É´μ¸É¨,
´¥¢μ§³μ¦´μ¸ÉÓ μ¡Ñ¥¤¨´¥´¨Ö £· ¢¨É Í¨μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¸ Ô²¥±É·μ¸² -
¡Ò³¨ ¢§ ¨³μ¤¥°¸É¢¨Ö³¨ ¨ É. ¤. (¸³., ´ ¶·¨³¥·, [1])), £μ¢μ·ÖÉ μ ¸ÊÐ¥¸É¢μ¢ ´¨¨
¢ �·¨·μ¤¥ ¡μ²¥¥ μ¡Ð¥° É¥μ·¨¨.

‚μ§³μ¦´Ò³ μ¡μ¡Ð¥´¨¥³ ‘Œ ¨ ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¨ ³μ¦¥É μ± -
§ ÉÓ¸Ö ³μ¤¥²Ó, ÊÎ¨ÉÒ¢ ÕÐ Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢ ¨²¨ ¨Ì ¸μ-
¸É ¢²ÖÕÐ¨Ì Î ¸É¨Í ¶μ¸·¥¤¸É¢μ³ μ¡³¥´  ´μ¢Ò³, μÎ¥´Ó ÉÖ¦¥²Ò³ ¡μ§μ´μ³. �·¨
MX �

√
s (MX Å ³ ¸¸  ¡μ§μ´ ,

√
s Å Ô´¥·£¨Ö ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì Î ¸É¨Í ¢

¸¨¸É¥³¥ Í¥´É·  ³ ¸¸) É ±¨¥ ¶·μÍ¥¸¸Ò ³μ£ÊÉ ¡ÒÉÓ μ¶¨¸ ´Ò ± ± 4-Ë¥·³¨μ´´Ò¥
±μ´É ±É´Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö (4-”Š‚).

�·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ SU(3) ⊗ SU(2) ⊗ U(1) ± ²¨¡·μ¢μÎ´ÊÕ ¨´¢ ·¨-
 ´É´μ¸ÉÓ ¢§ ¨³μ¤¥°¸É¢¨°, ¸μÌ· ´¥´¨¥ ¸¶¨· ²Ó´μ¸É¨ ¨  ·μ³ É , ¢±² ¤ 4-”Š‚
¢ ·μ¦¤¥´¨¥ f f̄-¶ · ¢ e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ³μ¦´μ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

Lcontact =
g2

(1 + δ)Λ2

∑
i,j=L,R

ηij [ēiγ
μei][f̄jγμfj], (1)

£¤¥ ¸¨³¢μ² ³¨ ei ¨ fj μ¡μ§´ Î¥´Ò ²¥¢μ- ¨ ¶· ¢μ¶μ²Ö·¨§μ¢ ´´Ò¥ ´ Î ²Ó´Ò¥
²¥¶Éμ´´Ò¥ ¨ ±μ´¥Î´Ò¥ Ë¥·³¨μ´´Ò¥ ¸μ¸ÉμÖ´¨Ö, ηij μÉ· ¦ ÕÉ ¢²¨Ö´¨¥ ¸¶¨-
· ²Ó´μ¸É¥° Î ¸É¨Í ´  ¨Ì ¢§ ¨³μ¤¥°¸É¢¨¥,   g Å ±μ´¸É ´É  ¸¢Ö§¨ [2]. Œ ¸-
ÏÉ ¡ ³ ¸¸Ò ¶·μ³¥¦ÊÉμÎ´μ° Î ¸É¨ÍÒ, μ¡³¥´μ³ ±μÉμ·μ° ³μ¦¥É ¡ÒÉÓ § ³¥´¥´μ
É ±μ¥ ±μ´É ±É´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥, μ¶·¥¤¥²Ö¥É¸Ö ¢¥²¨Î¨´μ° Λ. �·¨ ·μ¦¤¥´¨¨
Ô²¥±É·μ´-¶μ§¨É·μ´´μ° ¶ ·Ò δ = 1, ¢ ¸²ÊÎ ¥ ¦¥ ·μ¦¤¥´¨Ö ¨´μ° Ë¥·³¨μ´-
 ´É¨Ë¥·³¨μ´´μ° ¶ ·Ò δ = 0. �¥ μÉ¸ÉÊ¶ Ö μÉ μ¡Ð¥¶·¨´ÖÉÒÌ μ¡μ§´ Î¥´¨°
g2/(4π)= 1 ¨ λ = ηij = ±1, μ¸É ¢¨³ Λ ¸¢μ¡μ¤´Ò³ ¶ · ³¥É·μ³ 4-”Š‚. ‡´ ±
λ É ±¦¥ ¤μ²¦¥´ ¡ÒÉÓ μ¶·¥¤¥²¥´ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

�μ²Ó ÉÖ¦¥²ÒÌ ¶·μ³¥¦ÊÉμÎ´ÒÌ ¡μ§μ´μ¢ ¢ 2 → 2-· ¸¸¥Ö´¨¨ ³μ£ÊÉ ¨£· ÉÓ ¨
¢μ§¡Ê¦¤¥´´Ò¥ ¸μ¸ÉμÖ´¨Ö Ê¦¥ ¨§¢¥¸É´ÒÌ Î ¸É¨Í. ‚ ¸ ³μ³ ¤¥²¥, ¥¸²¨ ³ ¸ÏÉ ¡
£· ¢¨É Í¨μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¡²¨§μ± ± ³ ¸ÏÉ ¡Ê Ô²¥±É·μ¸² ¡ÒÌ ¢§ ¨³μ-
¤¥°¸É¢¨° (∼ 100 ƒÔ‚), ÎÉμ ³μ¦¥É ¨³¥ÉÓ ³¥¸Éμ ¢ ¸²ÊÎ ¥ ¡μ²ÓÏ¨Ì ¤μ¶μ²´¨-
É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¶·μ¸É· ´¸É¢  [3], ¸¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö £· ¢¨Éμ´  ¸
Î ¸É¨Í ³¨ ‘Œ ¸É ´μ¢¨É¸Ö ¸· ¢´¨³Ò³ ¸ ¸¥Î¥´¨¥³ Ô²¥±É·μ¸² ¡ÒÌ ¢§ ¨³μ¤¥°-
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¸É¢¨°. „¢  ±² ¸¸  ¸μ¡ÒÉ¨° ¸ ÊÎ ¸É¨¥³ £· ¢¨Éμ´  ¸É ´μ¢ÖÉ¸Ö ´ ¡²Õ¤ ¥³Ò³¨ ¢
μ¶ÒÉ¥: ¸¢μ¡μ¤´μ¥ ¨§²ÊÎ¥´¨¥ £· ¢¨Éμ´  ¨ 2→ 2-· ¸¸¥Ö´¨¥ Î ¸É¨Í ‘Œ ¸ ³ ¸-
¸¨¢´Ò³¨ £· ¢¨Éμ´ ³¨ ¢ ·μ²¨ ¶·μ³¥¦ÊÉμÎ´ÒÌ Î ¸É¨Í. ‚μ§³μ¦´Ò ¨ ¢§ ¨³μ-
¤¥°¸É¢¨Ö ¸ ÊÎ ¸É¨¥³ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¶·μ³¥¦ÊÉμÎ´ÒÌ ¡μ§μ´μ¢ ‘Œ.
‚Éμ·μ° ±² ¸¸ ¸μ¡ÒÉ¨° ³μ¦¥É ¡ÒÉÓ · ¸¸³μÉ·¥´ ± ± 4-”Š‚. � ¸Î¥É ¸¥Î¥´¨°
É ±¨Ì ¶·μÍ¥¸¸μ¢ § ¢¨¸¨É μÉ ¢Ò¡μ·  ±μ´±·¥É´μ° ³μ¤¥²¨,   ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¨¸-
±²ÕÎ¥´¨Ö · ¸Ìμ¤¨³μ¸É¥° ¶·¨ ¸Ê³³¨·μ¢ ´¨¨ ¶μ ¶·μ³¥¦ÊÉμÎ´Ò³ ¸μ¸ÉμÖ´¨Ö³
É·¥¡Ê¥É ¢¢¥¤¥´¨Ö ¶ · ³¥É·  μ£· ´¨Î¥´¨Ö. ‘ ³μ¸μ£² ¸μ¢ ´´μ° ³μ¤¥²ÓÕ, μ¶¨-
¸Ò¢ ÕÐ¥° ¢§ ¨³μ¤¥°¸É¢¨¥ Î ¸É¨Í ¸μ ¸¶¨´μ³, · ¢´Ò³ ¤¢Ê³, Ö¢²Ö¥É¸Ö ³μ¤¥²Ó
¸É·Ê´ (¸³., ´ ¶·¨³¥·, [4] ¨ ¸¸Ò²±¨ É ³), ¢ · ³± Ì ±μÉμ·μ° ´¥ Éμ²Ó±μ £· ¢¨Éμ´,
´μ ¨ Î ¸É¨ÍÒ ‘Œ Ö¢²ÖÕÉ¸Ö μ¡Ñ¥±É ³¨ μ¤´μ³¥·´μ-¶·μÉÖ¦¥´´Ò³¨.

‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê¶·μÐ¥´´μ£μ ¢±²ÕÎ¥´¨Ö (®toy model¯) ±¢ ´Éμ¢μ° Ô²¥±-
É·μ¤¨´ ³¨±¨ ¢ ³μ¤¥²Ó ¸É·Ê´ IIB ¢ ¶·μ¸É· ´¸É¢¥ ¸ ¡μ²ÓÏ¨³¨ ¤μ¶μ²´¨É¥²Ó-
´Ò³¨ ¨§³¥·¥´¨Ö³¨ ¢ [5] ¡Ò²¨ ³μ¤¨Ë¨Í¨·μ¢ ´Ò ¢Ò· ¦¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¢
· ³± Ì ‘Œ ¤²Ö ¸¥Î¥´¨°

e+e− → γγ, e+e−.

‚ ¸²ÊÎ ¥ ¡ ¡ -· ¸¸¥Ö´¨Ö, e+e− → e+e−, ± ± ¡Ò²μ ¶μ± § ´μ ¢ [5],

dσ

d cos θ
=

(
dσ

d cos θ

)
SM

∣∣∣∣∣
Γ(1 − s

M2
S
)Γ(1 − t

M2
S
)

Γ(1 − s
M2

S
− t

M2
S
)

∣∣∣∣∣
2

, (2)

£¤¥ ( )SM Å ¸¥Î¥´¨¥ ¶·μÍ¥¸¸  ¢ ‘Œ; s, t, u Å ¶¥·¥³¥´´Ò¥ Œ ´¤¥²Ó¸É ³ ;
MS Å ÔËË¥±É¨¢´ Ö ±μ´¸É ´É , μ¶·¥¤¥²ÖÕÐ Ö ¨´É¥´¸¨¢´μ¸ÉÓ £· ¢¨É Í¨μ´-
´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ¶·μ¸É· ´¸É¢¥ ¸ ¤μ¶μ²´¨É¥²Ó´Ò³¨ ¨§³¥·¥´¨Ö³¨,  ´ ²μ-
£¨Î´ Ö MPl ∼ 1019 ƒÔ‚ ¢ ¶·μ¸É· ´¸É¢¥ Œ¨´±μ¢¸±μ£μ,   Γ Å £ ³³ -ËÊ´±Í¨Ö.
‚ ¨¸¶μ²Ó§Ê¥³μ³ ¶μ¤Ìμ¤¥ [5] ¸¥Î¥´¨Ö ¶·μÍ¥¸¸μ¢ ¸ ¶·μ³¥¦ÊÉμÎ´Ò³ £· ¢¨Éμ´μ³
´¥ § ¢¨¸ÖÉ μÉ ±μ²¨Î¥¸É¢  ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¶·μ¸É· ´¸É¢ .

ˆ§³¥´¥´¨Ö ¸¥Î¥´¨° ·μ¦¤¥´¨Ö ¨ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° Ë¥·³¨μ´- ´É¨-
Ë¥·³¨μ´´ÒÌ ¶ ·, μ¡Ê¸²μ¢²¥´´Ò¥ ¢±² ¤μ³ 4-”Š‚, ³μ£ÊÉ ¡ÒÉÓ μ¡´ ·Ê¦¥´Ò ¢
Ô±¸¶¥·¨³¥´É Ì ¸²¥¤ÊÕÐ¥£μ ¶μ±μ²¥´¨Ö.

‚μ§³μ¦´μ¸É¨ ¤¥É¥±Éμ·  ATLAS ´  LHC ¤²Ö  ´ ²¨§  4-”Š‚ ¡Ò²¨ ¨¸¸²¥-
¤μ¢ ´Ò ¢ [6, 7], ÔËË¥±ÉÒ ¢ e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ, μ¡Ê¸²μ¢²¥´´Ò¥ ¤μ¶μ²´¨-
É¥²Ó´Ò³¨ ¨§³¥·¥´¨Ö³¨ ¶·μ¸É· ´¸É¢ , · ¸¸³μÉ·¥´Ò ¢ [8]. ‚ ¤ ´´μ° · ¡μÉ¥
¶·μ¢¥¤¥´  ´ ²¨§ μ¸μ¡¥´´μ¸É¥° Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢,
μ¡Ê¸²μ¢²¥´´ÒÌ 4-”Š‚ ¨, ¢μ§³μ¦´μ, ¸É·Ê´´μ° ¶·¨·μ¤μ° Î ¸É¨Í ¢ ¶·μ¸É· ´-
¸É¢¥ ¸ ¡μ²ÓÏ¨³¨ ¤μ¶μ²´¨É¥²Ó´Ò³¨ ¨§³¥·¥´¨Ö³¨ ¢ e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ∗.

∗�¥μ¡Ìμ¤¨³μ¸ÉÓ ¸μμ·Ê¦¥´¨Ö ²¨´¥°´μ£μ e+e−-±μ²² °¤¥·  ¶·¨
√

s = 500Ä1000 ƒÔ‚ μ¡μ-
¸´μ¢ ´  ¢ ²¨É¥· ÉÊ·¥ ¤μ¢μ²Ó´μ μ¡Ï¨·´μ (¸³., ´ ¶·¨³¥·, [9] ¨ ¸¸Ò²±¨ É ³).
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�¨¸. 1. � ¸¶·¥¤¥²¥´¨Ö ¶μ μÉ±²μ´¥´¨Ö³ ³¥¦¤Ê ®¨¸É¨´´Ò³¨¯ ¨ ®¨§³¥·¥´´Ò³¨¯ ¶ · ³¥-
É· ³¨ Î ¸É¨Í ¢ e+e− → qq̄-¸μ¡ÒÉ¨ÖÌ ¶·¨

√
s = 500 ƒÔ‚: μ¡· É´Ò¥ ¢¥²¨Î¨´Ò ¶μ²´ÒÌ

(a) ¨ ¶μ¶¥·¥Î´ÒÌ (¡) ¨³¶Ê²Ó¸μ¢; ¶μ²Ö·´ÒÌ (¢) ¨  §¨³ÊÉ ²Ó´ÒÌ (£) Ê£²μ¢

„²Ö ³μ¤¥²¨·μ¢ ´¨Ö e+e−-· ¸¸¥Ö´¨Ö ´ ³¨ ¡Ò² ¢Ò¡· ´ £¥´¥· Éμ· PYTHIA
[11], ¢ ±μÉμ·μ³ 4-”Š‚ Î ¸É¨Í ·¥ ²¨§μ¢ ´μ ¢ ¢ÒÏ¥Ê¶μ³Ö´ÊÉμ³ ¶·¨¡²¨¦¥´¨¨.
‘¥Î¥´¨¥ ¡ ¡ -· ¸¸¥Ö´¨Ö ¢ PYTHIA ¡Ò²μ ³μ¤¥·´¨§¨·μ¢ ´μ ´ ³¨ ¸μ£² ¸´μ (2)
¤²Ö ÊÎ¥É  ¸É·Ê´´μ£μ ¶·¥¤¸É ¢²¥´¨Ö Î ¸É¨Í.

”Ê´±Í¨¨ ¤¥É¥±Éμ·  ³μ¤¥²¨·μ¢ ²¨¸Ó ¶ ±¥Éμ³ ¶·μ£· ³³ SIMDET [12], ¸μ-
§¤ ´´Ò³ ´  μ¸´μ¢¥ É·¥¡μ¢ ´¨°, ¶·¥¤ÑÖ¢²¥´´ÒÌ ¤¥É¥±Éμ·Ê ¤²Ö TESLA [10]∗.

∗	É¨ É·¥¡μ¢ ´¨Ö ¡²¨§±¨ É·¥¡μ¢ ´¨Ö³ ± ¤¥É¥±Éμ· ³, · ¸¸³ É·¨¢ ¥³Ò³ ¤²Ö ³¥¦¤Ê´ ·μ¤´μ£μ
²¨´¥°´μ£μ ±μ²² °¤¥·  [13].
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�¸´μ¢´Ò³¨ ¨§ ÔÉ¨Ì É·¥¡μ¢ ´¨° Ö¢²ÖÕÉ¸Ö μÎ¥´Ó ¢Ò¸μ±μ¥ · §·¥Ï¥´¨¥ ¶μ ¨³-
¶Ê²Ó¸Ê Î ¸É¨Í (δ(1/pT ) ∼ 4 · 10−5 ƒÔ‚−1), Ìμ·μÏ¥¥ · §·¥Ï¥´¨¥ ¶μ Ô´¥·£¨¨
 ¤·μ´´ÒÌ ¸É·Ê° (ΔE/E � 35%/

√
E, £¤¥ Ô´¥·£¨Ö ¢ ƒÔ‚), ¢Ò¸μ± Ö ÔËË¥±É¨¢-

´μ¸ÉÓ ¤²Ö ³¥É±¨  ¤·μ´μ¢, ¸μ¤¥·¦ Ð¨Ì b- ¨ c-±¢ ·±¨, Ìμ·μÏ Ö £¥·³¥É¨Î´μ¸ÉÓ
Ê¸É ´μ¢±¨ ¶·¨ ¨§³¥·¥´¨¨ ¸μ¡ÒÉ¨° ¸ ¡μ²ÓÏμ° ´¥¤μ¸É ÕÐ¥° Ô´¥·£¨¥°, ¢μ§-
³μ¦´μ¸ÉÓ ¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨° ¢ ¡²¨§±μ° ± ¶ÊÎ±Ê μ¡² ¸É¨.

Š Î¥¸É¢μ, ¸ ±μÉμ·Ò³ ¤μ²¦´Ò ¡ÒÉÓ ¨§³¥·¥´Ò ¶ · ³¥É·Ò Î ¸É¨Í ´  ¤¥-
É¥±Éμ·¥ TESLA, ¶μ± § ´μ ´  ·¨¸. 1. �·¨¢¥¤¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶μ± §Ò-
¢ ÕÉ μÉ±²μ´¥´¨Ö ³¥¦¤Ê ®¨¸É¨´´Ò³¨¯ ¨ ®¨§³¥·¥´´Ò³¨¯ ´  Ê¸É ´μ¢±¥ μ¡· É-
´Ò³¨ ¢¥²¨Î¨´ ³¨ ¶μ²´ÒÌ (a) ¨ ¶μ¶¥·¥Î´ÒÌ (¡) ¨³¶Ê²Ó¸μ¢; ¶μ²Ö·´ÒÌ (¢)
¨  §¨³ÊÉ ²Ó´ÒÌ (£) Ê£²μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ¶·μÍ¥¸¸¥ e+e− → qq̄ ¶·¨√

s = 500 ƒÔ‚.

�  ·¨¸. 2 ¶·¨¢¥¤¥´μ μÉ´μ¸¨É¥²Ó´μ¥ μÉ±²μ´¥´¨¥ ¶·¥¤¸± § ´¨° ³μ¤¥²¨ ¸
4-”Š‚ μÉ ¶·¥¤¸± § ´¨° ‘Œ, (dNcom/d cos θ − dNSM/d cos θ)/dNSM/d cos θ,
¢ § ¢¨¸¨³μ¸É¨ μÉ Ê£²  θ ¤²Ö ¢§ ¨³μ¤¥°¸É¢¨° e+e− → μ+μ−, cc̄, bb̄, tt̄ ¶·¨√

s = 500 ƒÔ‚. ‡¤¥¸Ó θ Å ¶μ²Ö·´Ò° Ê£μ² · ¸¸¥Ö´´μ£μ Ë¥·³¨μ´  μÉ´μ¸¨-
É¥²Ó´μ ´ ¶· ¢²¥´¨Ö e−-¶ÊÎ± . ‚ ¸²ÊÎ ¥ qq̄-¶ ·Ò Ê£μ² μ¶·¥¤¥²Ö²¸Ö ´ ¶· ¢²¥-

�¨¸. 2. �É´μ¸¨É¥²Ó´μ¥ μÉ±²μ´¥´¨¥ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° μÉ ¶·¥¤¸± § ´¨° ¸É ´¤ ·É-
´μ° ³μ¤¥²¨, μ¡Ê¸²μ¢²¥´´μ¥ ¢±² ¤μ³ Î¥ÉÒ·¥ÌË¥·³¨μ´´ÒÌ ±μ´É ±É´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°,
¢ § ¢¨¸¨³μ¸É¨ μÉ Ê£²  ¢ ¶·μÍ¥¸¸ Ì e+e− → μ+μ−cc̄, bb̄, tt̄ ¶·¨

√
s = 500 ƒÔ‚
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´¨¥³ Ô²¥±É·μ´  ¨ ´ ¶· ¢²¥´¨¥³ ¸É·Ê¨ ¸ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¥° ¨ ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨³ ±¢ ·±Ê §´ ±μ³ § ·Ö¤ . ‘É·Ê¨ Ëμ·³¨·μ¢ ²¨¸Ó ³¥Éμ¤μ³ μ¡· §μ¢ ´¨Ö
¶ · ±² ¸É¥·μ¢ ¶μ ±·¨É¥·¨Õ ¸μ¸¥¤¸É¢  ¢ ¶·μ¸É· ´¸É¢¥ ¨³¶Ê²Ó¸μ¢, μ¶¨¸ ´´μ³ ¢
PYTHIA. � ¤¨ Í¨μ´´μ¥ ¨§²ÊÎ¥´¨¥ ¶ÊÎ±μ¢ÒÌ Î ¸É¨Í ¨ Ë¥·³¨μ´μ¢ ¢ ±μ´¥Î´μ³
¸μ¸ÉμÖ´¨¨ ¡Ò²μ ¢±²ÕÎ¥´μ ¢ ³μ¤¥²¨·μ¢ ´¨¥. „ ´´Ò¥ ¶·¥¤¸É ¢²ÖÕÉ ±μ´¸É·Ê±-
É¨¢´ÊÕ (λ = −1) ¨ ¤¥¸É·Ê±É¨¢´ÊÕ (λ = +1) ¨´É¥·Ë¥·¥´Í¨¨ ¢±² ¤  4-”Š‚.
Šμ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° ¸μμÉ¢¥É¸É¢Ê¥É ¨´É¥£· ²Ó´Ò³ ¸¢¥É¨³μ¸ÉÖ³, Ê± § ´´Ò³ ´ 
·¨¸Ê´± Ì. �μ¢¥¤¥´¨¥ · ¸¶·¥¤¥²¥´¨° ¤²Ö ·μ¦¤¥´¨Ö tt̄-¶ ·Ò μ¡Ê¸²μ¢²¥´μ μ£· -
´¨Î¥´´μ¸ÉÓÕ ±¨´¥³ É¨Î¥¸±μ° μ¡² ¸É¨ ·μ¦¤¥´¨Ö ¶ ·Ò ¶·¨

√
s = 500 ƒÔ‚.

�·¨¢¥¤¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö Ê± §Ò¢ ÕÉ ´  §´ Î¨É¥²Ó´ÊÕ ³μ¤¨Ë¨± Í¨Õ ¶·¥¤-
¸± § ´¨° ‘Œ, μ¡Ê¸²μ¢²¥´´ÊÕ 4-”Š‚. �·¨ ÔÉμ³ ¢²¨Ö´¨¥ ±μ´¸É·Ê±É¨¢´μ° ¨
¤¥¸É·Ê±É¨¢´μ° ¨´É¥·Ë¥·¥´Í¨° ¢±² ¤  4-”Š‚ · §²¨Î´μ ´  ®¢¥·Ì´¨¥¯ (c ¨ t)
¨ ®´¨¦´¨¥¯ (μ ¨ b) Î²¥´Ò ²¥¶Éμ´´ÒÌ ¨ ±¢ ·±μ¢ÒÌ ¨§μ¤Ê¡²¥Éμ¢.

‚ ‘Œ μÉ´μÏ¥´¨¥ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö bb̄-¶ ·Ò ± ¸¥Î¥´¨Õ ·μ¦¤¥´¨Ö
μ+μ−-¶ ·Ò ¢ÒÎ¨¸²Ö¥É¸Ö ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¨, ¸²¥¤μ¢ É¥²Ó´μ, ³μ¦¥É ¡ÒÉÓ
¨¸¶μ²Ó§μ¢ ´μ ¤²Ö ¢ÒÖ¢²¥´¨Ö ÔËË¥±Éμ¢ ´μ¢μ° Ë¨§¨±¨. �  ·¨¸. 3 ¶μ± § ´μ
¢²¨Ö´¨¥ ¢±² ¤  4-”Š‚ ´  μÉ´μÏ¥´¨¥ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö bb̄- ¨ μ+μ−-¶ ·,
(dN/d cos θbb)/(dN/d cos θμμ), ¶·¨ Λ = 8 ’Ô‚ ¨ ±μ´¸É·Ê±É¨¢´μ° ¨´É¥·Ë¥-
·¥´Í¨¨ ¢±² ¤  4-”Š‚.

�¨¸. 3. ‚²¨Ö´¨¥ ¢±² ¤  Î¥ÉÒ·¥ÌË¥·³¨μ´´ÒÌ ±μ´É ±É´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ´  μÉ´μ-
Ï¥´¨¥ · ¸¶·¥¤¥²¥´¨° ¶μ Ê£²Ê θ ¢ e+e− → bb̄- ¨ e+e− → μμ̄-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨√

s = 500 ƒÔ‚
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	ËË¥±É¨¢´μ¸ÉÓ ³¥Î¥´¨Ö ¸É·Ê° b-±¢ ·±μ¢ ´  Ê¸É ´μ¢±¥ TESLA, ¶μ μÍ¥´-
± ³, ¸μ¸É ¢¨É 80 %, ¸É·Ê° c-±¢ ·±μ¢ Å 30 %. �Ï¨¡±¨ ¶·μÍ¥¤Ê·Ò ³¥Î¥´¨Ö
¢ μ¡μ¨Ì ¸²ÊÎ ÖÌ ´¥ ¶·¥¢Ò¸ÖÉ 10 %. ŒÕμ´Ò ¡Ê¤ÊÉ ¨¤¥´É¨Ë¨Í¨·μ¢ ´Ò ¸ ÔË-
Ë¥±É¨¢´μ¸ÉÓÕ 98 %. 	É¨ μÍ¥´±¨ ¶μ§¢μ²¨²¨ ´ ³ ¶·¨¢¥¸É¨ ´  ·¨¸Ê´±¥ ¨ ¤ ²¥¥
¨¸¶μ²Ó§μ¢ ÉÓ ¢ É ¡². 1 ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö bb̄-¶ ·.

‚ É ¡². 1 ¶·¨¢¥¤¥´Ò μÍ¥´±¨ §´ Î¥´¨° Λ, ¤μ ±μÉμ·ÒÌ ¢μ§³μ¦´Ò ´ ¡²Õ¤¥-
´¨Ö ÔËË¥±Éμ¢ ¢ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ ³Õμ´μ¢ ¨ b-±¢ ·±μ¢ÒÌ ¸É·Ê°, μ¡Ê-
¸²μ¢²¥´´ÒÌ 4-”Š‚, ¢ e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨

√
s = 500 (800) ƒÔ‚. „²Ö

¨´É¥£· ²Ó´ÒÌ ¸¢¥É¨³μ¸É¥°, Ê± § ´´ÒÌ ¢ ¸±μ¡± Ì, Ê·μ¢¥´Ó ¤μ¸Éμ¢¥·´μ¸É¨ ¶μ-
²ÊÎ¥´´ÒÌ §´ Î¥´¨° ¸μ¸É ¢²Ö¥É 95 %. 	ËË¥±É¨¢´μ¸ÉÓ ³¥Î¥´¨Ö ¸É·Ê° b-±¢ ·±μ¢
¡Ò²  ¶·¨ μÍ¥´± Ì ÊÎÉ¥´ .

’ ¡²¨Í  1. ‡´ Î¥´¨Ö Λ, ¤μ¸ÉÊ¶´Ò¥ ¤²Ö ¨§³¥·¥´¨Ö ´  TESLA, ¢ e+e− → μ+μ−-,
bb̄−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¸ Ê·μ¢´¥³ ¤μ¸Éμ¢¥·´μ¸É¨ 95 %. �¥μ¡Ìμ¤¨³Ò¥ ¨´É¥£· ²Ó´Ò¥
¸¢¥É¨³μ¸É¨ Ê± § ´Ò ¢ ¸±μ¡± Ì

Λ, ’Ô‚√
s = 500 ƒÔ‚

√
s = 800 ƒÔ‚

e+e− → μ+μ− 15,00 (100 Ë¡−1) 27,00 (200 Ë¡−1)
e+e− → bb̄− 25,00 (100 Ë¡−1) 28,00 (100 Ë¡−1)

�Í¥´±¨ Λ ¸² ¡μ § ¢¨¸ÖÉ μÉ ¢Ò¡μ·  ¢¨¤  ¨´É¥·Ë¥·¥´Í¨¨ ¢±² ¤  4-”Š‚
(δΛ < 100 ƒÔ‚).

�  ·¨¸. 4 ¶μ± § ´μ μÉ´μ¸¨É¥²Ó´μ¥ μÉ±²μ´¥´¨¥ ¶·¥¤¸± § ´¨° ³μ¤¥²¨ ¸
4-”Š‚ μÉ ¶·¥¤¸± § ´¨° ‘Œ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ê£²  θ ¢ ¸· ¢´¥´¨¨ ¸  ´ ²μ£¨Î-
´Ò³ μÉ±²μ´¥´¨¥³, μ¡Ê¸²μ¢²¥´´Ò³ ¸É·Ê´´Ò³ ¶·¥¤¸É ¢²¥´¨¥³ Î ¸É¨Í ¤²Ö ¶·μ-
Í¥¸¸  e+e− → e+e− ¶·¨

√
s = 500 ƒÔ‚. � ¸Î¥ÉÒ ¶·¨¢¥¤¥´Ò ¤²Ö Λ = 8 ’Ô‚,

λ = −1 ¨ ¤¢ÊÌ §´ Î¥´¨° MS Å 800 ¨ 1000 ƒÔ‚. ‚ ¸²ÊÎ ¥ ±μ´¸É·Ê±É¨¢´μ°
¨´É¥·Ë¥·¥´Í¨¨ ¢±² ¤  4-”Š‚ ¨´É¥·¶·¥É Í¨Ö ¶μ²ÊÎ¥´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥
· ¸¶·¥¤¥²¥´¨° ¡Ê¤¥É § É·Ê¤´¥´  ´¥μ¤´μ§´ Î´μ¸ÉÓÕ μ¶·¥¤¥²¥´¨Ö ¨¸ÉμÎ´¨± 
ÔËË¥±Éμ¢. � ¶·¨³¥·, ¶·¨ ¨´É¥£· ²Ó´μ° ¸¢¥É¨³μ¸É¨ 100 Ë¡−1 ¤ ´´Ò¥ ¤²Ö
Λ = 8 ’Ô‚ ¨ MS = 920 ƒÔ‚ ´¥· §²¨Î¨³Ò. 	É  ´¥μ¤´μ§´ Î´μ¸ÉÓ ³μ¦¥É
¡ÒÉÓ · §·¥Ï¥´  ¸μ¢³¥¸É´Ò³  ´ ²¨§μ³ ²¥¶Éμ´´ÒÌ ¨ ±¢ ·±μ¢ÒÌ ±μ´¥Î´ÒÌ ¸μ-
¸ÉμÖ´¨° ¢ e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ.

‚ É ¡². 2 ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö MS , ¤μ¸ÉÊ¶´Ò¥ ¤²Ö ¨§³¥·¥´¨Ö ¶μ Ê£²μ¢Ò³
· ¸¶·¥¤¥²¥´¨Ö³ ²¥¶Éμ´μ¢ ¢ ¡ ¡ -· ¸¸¥Ö´¨¨ ¶·¨

√
s = 500(800) ƒÔ‚. Šμ²¨-

Î¥¸É¢μ ¢§ ¨³μ¤¥°¸É¢¨° ¸μμÉ¢¥É¸É¢Ê¥É ¨´É¥£· ²Ó´Ò³ ¸¢¥É¨³μ¸ÉÖ³, Ê± § ´´Ò³
¢ ¸±μ¡± Ì,   Ê·μ¢¥´Ó ¤μ¸Éμ¢¥·´μ¸É¨ ¶·¨¢¥¤¥´´ÒÌ §´ Î¥´¨° · ¢¥´ 95 %.

‚ § ±²ÕÎ¥´¨¥ μÉ³¥É¨³, ÎÉμ Î¥ÉÒ·¥ÌË¥·³¨μ´´Ò¥ ±μ´É ±É´Ò¥ ¢§ ¨³μ¤¥°-
¸É¢¨Ö, μ¡Ê¸²μ¢²¥´´Ò¥ μ¡³¥´μ³ μÎ¥´Ó ÉÖ¦¥²Ò³ ¡μ§μ´μ³ (MX �

√
s), ¢ e+e−-

¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨
√

s = 500 (800) ƒÔ‚ ¶·¨¢μ¤ÖÉ ± ´ ¡²Õ¤ ¥³Ò³ ÔËË¥±É ³
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�¨¸. 4. ‚²¨Ö´¨¥ ¢±² ¤  Î¥ÉÒ·¥ÌË¥·³¨μ´´ÒÌ ±μ´É ±É´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¨ ¶·¥¤¸É -
¢²¥´¨Ö Î ¸É¨Í ¢ ¢¨¤¥ ¸É·Ê´ ´  Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö e+e− → e+e−-¢§ ¨³μ¤¥°¸É¢¨°
¢ § ¢¨¸¨³μ¸É¨ μÉ Ê£²  ¶·¨

√
s = 500 ƒÔ‚

’ ¡²¨Í  2. ‡´ Î¥´¨Ö MS , ¤μ¸ÉÊ¶´Ò¥ ¤²Ö ¨§³¥·¥´¨Ö ´  TESLA, ¢ e+e− → e+e−-
¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¸ Ê·μ¢´¥³ ¤μ¸Éμ¢¥·´μ¸É¨ 95 %. �¥μ¡Ìμ¤¨³Ò¥ ¨´É¥£· ²Ó´Ò¥ ¸¢¥-
É¨³μ¸É¨ Ê± § ´Ò ¢ ¸±μ¡± Ì

MS , ƒÔ‚√
s = 500 ƒÔ‚

√
s = 800 ƒÔ‚

e+e− → e+e− 1250 (100 Ë¡−1) 27,00 (1820 Ë¡−1)

¢ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ ³Õμ´μ¢ ¨ ±¢ ·±μ¢ÒÌ ¸É·Ê°. � · ³¥É·Ò ¶ÊÎ±μ¢ ¨
¤¥É¥±Éμ·  ¶μ§¢μ²ÖÉ ¤μ¸É¨£´ÊÉÓ ´  Ê¸É ´μ¢±¥ TESLA ¢¥²¨Î¨´Ê ³ ¸ÏÉ ¡  Ô´¥·-
£¨° Î¥ÉÒ·¥ÌË¥·³¨μ´´ÒÌ ±μ´É ±É´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° Λ, ¸ÊÐ¥¸É¢¥´´μ ¶·¥-
¢ÒÏ ÕÐÊÕ ¶μ²ÊÎ¥´´ÊÕ ´  ²¥¶Éμ´-²¥¶Éμ´´ÒÌ (3Ä15 ’Ô‚ [14, 15]), ²¥¶Éμ´-
´Ê±²μ´´ÒÌ (1Ä8 ’Ô‚ [16, 17]), ¶·μÉμ´- ´É¨¶·μÉμ´´ÒÌ (3,6Ä9,1 ’Ô‚ [16]) ¢§ -
¨³μ¤¥°¸É¢¨ÖÌ ¨ ¸· ¢´¨³ÊÕ ¸ μ¦¨¤ ¥³μ° ´  LHC (25 ’Ô‚), ¶·¨ ¨´É¥£· ²Ó´μ°
¸¢¥É¨³μ¸É¨ 30 Ë¡−1 [6]. �  e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¢μ§³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¶¥·-
¢μ¥ Ê± § ´¨¥ ´  ¸É·Ê´´ÊÕ ¶·¨·μ¤Ê Î ¸É¨Í. �¤´μ³¥·´μ-¶·μÉÖ¦¥´´ Ö ¶·¨·μ¤ 
Î ¸É¨Í ¡Ê¤¥É ´ ¡²Õ¤ ¥³ , ¥¸²¨ ³ ¸ÏÉ ¡ Ô´¥·£¨°, ¶·¨ ±μÉμ·ÒÌ ¢§ ¨³μ¤¥°-
¸É¢ÊÕÉ É ±¨¥ Î ¸É¨ÍÒ, MS � 1,2 ’Ô‚.
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�¢Éμ·Ò ¡² £μ¤ ·´Ò �. �²ÓÏ¥¢¸±μ³Ê §  ¨´¨Í¨¨·μ¢ ´¨¥ ÔÉμ° · ¡μÉÒ,
‚. ‹μ³ ´Ê ¨ ‘. �¥°³ ´ §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö, 
. �Ê¤ £μ¢Ê ¨ „. •Ê¡Ê  § 
¶μ¤¤¥·¦±Ê ÔÉμ° · ¡μÉÒ.
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