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‚ · ¡μÉ¥ ¶μ± § ´μ, ÎÉμ ¢§ ¨³μ¤¥°¸É¢¨Ö ³ ¸¸¨¢´ÒÌ £· ¢¨Éμ´μ¢ ¸ Î ¸É¨Í ³¨ ¸É ´¤ ·É´μ° ³μ¤¥²¨
¢ ¶·μ¸É· ´¸É¢¥ ¸ ¡μ²ÓÏ¨³¨ ¤μ¶μ²´¨É¥²Ó´Ò³¨ ¨§³¥·¥´¨Ö³¨ ¶·¨¢μ¤ÖÉ ± ´ ¡²Õ¤ ¥³Ò³ ÔËË¥±É ³ ¢
Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ ³Õμ´μ¢ ¨ W -¡μ§μ´μ¢ ¢ e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ. ’·¥¡μ¢ ´¨Ö,  ´a²μ£¨Î´Ò¥
¶·¥¤ÑÖ¢²Ö¥³Ò³ ± ¶ÊÎ± ³ ¨ ¤¥É¥±Éμ·Ê ´  ±μ²² °¤¥·¥ TESLA, ¶μ§¢μ²ÖÉ μ¡´ ·Ê¦¨ÉÓ ÔÉ¨ ÔËË¥±ÉÒ
¨²¨ μ£· ´¨Î¨ÉÓ §´ Î¥´¨¥ ³ ¸ÏÉ ¡  Ô´¥·£¨° É ±¨Ì ¢§ ¨³μ¤¥°¸É¢¨° ¸´¨§Ê ∼ 4,5 ’Ô‚ Ê¦¥ ¶·¨ ¨´É¥-
£· ²Ó´μ° ¸¢¥É¨³μ¸É¨ ∼ 20 Ë¡−1 ¶·¨

√
s = 500 ƒÔ‚.

The effects on μ+μ− and W +W− angular distributions in e+e− collisions due to the exchanges of
massive gravitons in the spacetime beyond the usual 3 + 1-dimensions are considered. It is shown that,
under the beam and detector conditions at TESLA these effects would be discovered or the constraints
∼ 4.5 TeV on string scale would be achieved at 20 fb−1 of integrated luminosity and

√
s = 500 GeV.

„μ¶μ²´¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö ¡μ²ÓÏμ£μ · §³¥·  ¢ μ¶¨¸ ´¨¨ ¶·μ¸É· ´¸É¢ -¢·¥³¥´¨ ¡Ò²¨
¶·¥¤²μ¦¥´Ò [1, 2] ¤²Ö μ¡ÑÖ¸´¥´¨Ö ¶·μ¡²¥³Ò ¨¥· ·Ì¨° [3] Å ± Éa¸É·μË¨Î¥¸±μ£μ μÉ²¨-
Î¨Ö ³ ¸ÏÉ ¡  ¸¨²Ó´μ£μ (∼ 1 ƒÔ‚) ¨ Ô²¥±É·μ¸² ¡μ£μ (∼ 100 ƒÔ‚) ¢§ ¨³μ¤¥°¸É¢¨° μÉ
£· ¢¨É Í¨μ´´μ£μ (MPl ∼ 1019 ƒÔ‚). ‘ É¥Ì ¶μ· ¢¸¥ ¡μ²ÓÏ¥ Ö¢²¥´¨° ¢´¥ ¸É ´¤ ·É´μ°
³μ¤¥²¨ Å ³¥Ì ´¨§³ CP -´ ·ÊÏ¥´¨Ö [4], ³ ¸¸  ´¥°É·¨´μ [5], ´ ·ÊÏ¥´¨¥ ± ²¨¡·μ¢μÎ´μ°
¸¨³³¥É·¨¨ ¡¥§ ¡μ§μ´μ¢ •¨££¸  [6] ¨ ¤·. (¸³., ´ ¶·¨³¥·, [7]) Å ´ Ìμ¤ÖÉ ¸¢μ¥ μ¡ÑÖ¸´¥´¨¥
¢ ¶·μ¸É· ´¸É¢¥-¢·¥³¥´¨ ¸ ±μ²¨Î¥¸É¢μ³ ¨§³¥·¥´¨° ¡μ²ÓÏ¥ 4.

„μ¶μ²´¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö ¢¶¥·¢Ò¥ ¡Ò²¨ ¢¢¥¤¥´Ò ¢ · ¡μÉ Ì [8], £¤¥ ¡Ò²¨ ¸¤¥² ´Ò
¶μ¶ÒÉ±¨ μ¡Ñ¥¤¨´¥´¨Ö Ô²¥±É·μ³ £´¥É¨§³  ¨ £· ¢¨É Í¨¨. 	 §¢¨É¨¥ ³μ¤¥²¥° ¸Ê¶¥·¸É·Ê´,
±μÉμ·Ò¥ ¥¸É¥¸É¢¥´´Ò³ μ¡· §μ³ ¢±²ÕÎ ÕÉ £· ¢¨É Í¨Õ, ¸¤¥² ²μ ³´μ£μ³¥·´μ¥ μ¶¨¸ ´¨¥
¶·μ¸É· ´¸É¢ -¢·¥³¥´¨ ´¥μ¡Ìμ¤¨³Ò³. ‚ · ³± Ì Œ-É¥μ·¨¨, Ö¢²ÖÕÐ¥°¸Ö μ¡μ¡Ð¥´¨¥³ ³μ-
¤¥²¥° ¸Ê¶¥·¸É·Ê´, ¸¤¥² ´Ò Ê¸¶¥Ï´Ò¥ ¶μ¶ÒÉ±¨ μ¡Ñ¥¤¨´¨ÉÓ ¢¸¥ ¨§¢¥¸É´Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö.
Œμ¤¥²¨ ¸Ê¶¥·¸É·Ê´ ¸Ëμ·³Ê²¨·μ¢ ´Ò ¢ 10-³¥·´μ³,   Œ-É¥μ·¨Ö ¢ 11-³¥·´μ³ ¶·μ¸É· ´¸É¢¥-
¢·¥³¥´¨. „μ¶μ²´¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö ¶·μ¸É· ´¸É¢  ¢ ÔÉ¨Ì ³μ¤¥²ÖÌ Ì · ±É¥·¨§ÊÕÉ¸Ö ¶² ´-
±μ¢¸±μ° ¤²¨´μ° l ∼ 10−33 ¸³.

‚¢¨¤Ê ¥¥ ¶·¨¢²¥± É¥²Ó´μ¸É¨ ¸ Ë¨§¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö ¨¤¥Ö ¡μ²ÓÏ¨Ì ¤μ¶μ²´¨É¥²Ó-
´ÒÌ ¨§³¥·¥´¨° ¶·μ¸É· ´¸É¢ -¢·¥³¥´¨ ²¥¦¨É ¢ μ¸´μ¢¥ ·Ö¤  ¶·¥¤¸± § ´¨°, ±μÉμ·Ò¥ ³μ£ÊÉ
¡ÒÉÓ ¶·μ¢¥·¥´Ò ¢ ´¥¤ ²¥±μ³ ¡Ê¤ÊÐ¥³ ´  pp- ¨ e+e−-±μ²² °¤¥· Ì1.

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

s = 500−1000 ƒÔ‚ μ¡μ¸´μ¢ ´  ¢ ²¨É¥· -
ÉÊ·¥ ¤μ¢μ²Ó´μ μ¡Ï¨·´μ (¸³., ´ ¶·¨³¥·, [9] ¨ ¸¸Ò²±¨ É ³).
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‚ ³μ¤¥²¨, ¶·¥¤²μ¦¥´´μ° ¢ [1], Î¥ÉÒ·¥Ì³¥·´μ¥ ¶·μ¸É· ´¸É¢μ-¢·¥³Ö, ¢ ±μÉμ·μ³ ²μ± -
²¨§μ¢ ´Ò ¢¸¥ ¨§¢¥¸É´Ò¥ Î ¸É¨ÍÒ, ¢²μ¦¥´μ ¢ (4 + ND)-³¥·´μ¥ ¶·μ¸É· ´¸É¢μ ¸ ¶²μ¸±μ°
³¥É·¨±μ°, ¤μ¶μ²´¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö ±μÉμ·μ£μ ¤μ¸ÉÊ¶´Ò Éμ²Ó±μ ¤²Ö £· ¢¨Éμ´ . ‚ ÔÉμ³
¸²ÊÎ ¥ ¶² ´±μ¢¸± Ö ³ ¸¸  ¢ Î¥ÉÒ·¥Ì³¥·´μ³ ³¨·¥ ¶¥·¥¸É ¥É ¡ÒÉÓ ËÊ´¤ ³¥´É ²Ó´Ò³ ¶ -
· ³¥É·μ³ ¨ £· ¢¨É Í¨μ´´Ò° ³ ¸ÏÉ ¡ Ô´¥·£¨° Ì · ±É¥·¨§Ê¥É¸Ö ¢¥²¨Î¨´μ° Meff :

M2
Pl ∼ MND+2

eff RND , (1)

£¤¥ ND ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¶·μ¸É· ´¸É¢  ±μ³¶ ±É´Ò ¨ Ì · ±É¥·¨§ÊÕÉ¸Ö · §³¥-
·μ³ R. ’ ±¨³ μ¡· §μ³, ¢ ÔÉμ° ³μ¤¥²¨ £· ¢¨É Í¨μ´´Ò° ³ ¸ÏÉ ¡ Ô´¥·£¨° μ¶·¥¤¥²Ö¥É¸Ö
±μ²¨Î¥¸É¢μ³ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¨ · ¤¨Ê¸μ³ ±μ³¶ ±É¨¢¨§ Í¨¨ ÔÉ¨Ì ¨§³¥·¥´¨°
R. …¸²¨ £· ¢¨É Í¨μ´´Ò° ³ ¸ÏÉ ¡ Ô´¥·£¨° ¡²¨§μ± ± ³ ¸ÏÉ ¡Ê Ô²¥±É·μ¸² ¡ÒÌ ¢§ ¨³μ-
¤¥°¸É¢¨°, Éμ ±μ²¨Î¥¸É¢Ê ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¶·μ¸É· ´¸É¢ -¢·¥³¥´¨ ¢ ¨´É¥·¢ ²¥
μÉ ¤¢ÊÌ ¤μ ¸¥³¨ ¸μμÉ¢¥É¸É¢ÊÕÉ · ¤¨Ê¸Ò ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¢ ¨´É¥·¢ ²¥ μÉ ¤μ-
²¥° ³³ ¤μ ´¥¸±μ²Ó±¨Ì Ë³. �·¨ ÔÉμ³ ¢ ’Ô‚-´μ° μ¡² ¸É¨ Ô´¥·£¨° ¤¢  ±² ¸¸  ¸μ¡ÒÉ¨°
¤μ²¦´Ò ¡ÒÉÓ ÎÊ¢¸É¢¨É¥²Ó´Ò ± ¢§ ¨³μ¤¥°¸É¢¨Ö³ ³ ¸¸¨¢´ÒÌ £· ¢¨Éμ´μ¢ ¸ Î ¸É¨Í ³¨ ¸É ´-
¤ ·É´μ° ³μ¤¥²¨: ¸μ¡ÒÉ¨Ö ¸ ¶·Ö³Ò³ ¨§²ÊÎ¥´¨¥³ £· ¢¨Éμ´μ¢ ¨ 2 → 2-¶·μÍ¥¸¸Ò ¸ μ¡³¥´μ³
³ ¸¸¨¢´Ò³¨ ¶·μ³¥¦ÊÉμÎ´Ò³¨ £· ¢¨Éμ´ ³¨ (Œ�ƒ). �· ¢¨²  ”¥°´³ ´  ¤²Ö É ±¨Ì ¢§ ¨-
³μ¤¥°¸É¢¨° ¡Ò²¨ · §· ¡μÉ ´Ò ¢ [10, 11] ¨ ¶μ± § ´μ, ÎÉμ ¢±² ¤ ¤¨ £· ³³ ¸ μ¡³¥´μ³ Œ�ƒ

¢ ¸¥Î¥´¨Ö ¶·μÍ¥¸¸μ¢ 2 → 2 ¶·μ¶μ·Í¨μ´ ²¥´

(
F

M4
s

)2

,   ¢±² ¤ ¨´É¥·Ë¥·¥´Í¨¨ Å
F

M4
s

,

£¤¥ ¢Ò¡μ· F · §²¨Î¥´ ¢ ¶μ¤Ìμ¤ Ì:

F = 1 [10], (2)

F =

⎧⎪⎪⎨
⎪⎪⎩

log
(

M2
s

s

)
, ND = 2,

2
ND − 2

, ND > 2,

[11], (3)

F =
2λ

π
= ± 2

π
[12]; (4)

§¤¥¸Ó Ms Å ¶ · ³¥É· É¥μ·¨¨, ¨¸±²ÕÎ ÕÐ¨° · ¸Ìμ¤¨³μ¸É¨ ¢ ¸¥Î¥´¨ÖÌ ¶·μÍ¥¸¸μ¢ ¶·¨
¸Ê³³¨·μ¢ ´¨¨ ¶μ Œ�ƒ, Ms ∼ O(Meff). ‚ μÉ²¨Î¨e μÉ 2 → 2-¶·μÍ¥¸¸μ¢, ¸¥Î¥´¨Ö ¶·μÍ¥¸-
¸μ¢ ¸ ¨§²ÊÎ¥´¨¥³ £· ¢¨Éμ´  ¸¨²Ó´μ § ¢¨¸ÖÉ μÉ ND.

“£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í, μ¡· §μ¢ ´´ÒÌ ¶μ¸²¥ · ¸¶ ¤  £· ¢¨Éμ´ , ¸¶¨´ ±μÉμ·μ£μ
· ¢¥´ 2, ¶·¥¤¸É ¢²ÖÕÉ ¨´É¥·¥¸ ± ± ¤²Ö μ¡´ ·Ê¦¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨°, É ± ¨
¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ³μ¤¥²¨, μ¶¨¸Ò¢ ÕÐ¥° É ±μ¥ ¶·μ¸É· ´¸É¢μ.

‚ · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´μ ¢²¨Ö´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¶·μ¸É· ´¸É¢ -¢·¥³¥´¨ ´ 
· ¸¶·¥¤¥²¥´¨Ö ¶μ Ê£² ³ · §²¥É  μ+μ−- ¨ W+W−-¶ · ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¢ e+e−-
¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨ Ô´¥·£¨ÖÌ ±μ²² °¤¥·  TESLA (TeVÄEnergy Superconducting Linear
Accelerator) [13].

„²Ö  ´ ²¨§  e+e−-¢§ ¨³μ¤¥°¸É¢¨° ´ ³¨ ¡Ò² ¢Ò¡· ´ £¥´¥· Éμ· PANDORA [14] Å ¶ -
±¥É ¶·μ£· ³³, ¸μ§¤ ´´Ò° ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ´  ¶ ·Éμ´´μ³ Ê·μ¢´¥ Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢,
¨§ÊÎ ¥³ÒÌ ´  ²¨´¥°´ÒÌ ±μ²² °¤¥· Ì. � ·Éμ´´Ò¥ ²¨¢´¨ ¨  ¤·μ´¨§ Í¨Ö ³μ¤¥²¨·μ¢ ²¨¸Ó
¶·μ£· ³³μ° PYTHIA [15]. ‚ PANDORA ·¥ ²¨§μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ ¢Ò¡μ·  ¶ · ³¥É·μ¢
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¶μ²Ö·¨§μ¢ ´´ÒÌ ¨ ´¥¶μ²Ö·¨§μ¢ ´´ÒÌ ¶ÊÎ±μ¢ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¶·μ¥±Éμ¢ e+e−-±μ²² °¤¥·μ¢.
‚²¨Ö´¨¥ ¢±² ¤  ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¶·μ¸É· ´¸É¢  ´  ¸¥Î¥´¨Ö 2 → 2-¶·μÍ¥¸¸μ¢,
§´ ± ±μÉμ·ÒÌ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¤μ²¦¥´ ¡ÒÉÓ μ¶·¥¤¥²¥´ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ,
ÊÎÉ¥´μ ¢ ¶μ¤Ìμ¤¥ [12].

”Ê´±Í¨¨ ¤¥É¥±Éμ·  ³μ¤¥²¨·μ¢ ²¨¸Ó ¶ ±¥Éμ³ ¶·μ£· ³³ SIMDET [16], ¸μ§¤ ´´Ò³ ´ 
μ¸´μ¢¥ É·¥¡μ¢ ´¨°, ¶·¥¤ÑÖ¢²¥´´ÒÌ ± ¤¥É¥±Éμ·Ê ¤²Ö TESLA. �¸´μ¢´Ò³¨ ¨§ ÔÉ¨Ì É·¥¡μ-
¢ ´¨° Ö¢²ÖÕÉ¸Ö μÎ¥´Ó ¢Ò¸μ±μ¥ · §·¥Ï¥´¨¥ ¶μ ¨³¶Ê²Ó¸Ê (δ(1/pT ) ∼ 4 · 10−5 ƒÔ‚−1),
Ìμ·μÏ¥¥ · §·¥Ï¥´¨¥ ¶μ Ô´¥·£¨¨  ¤·μ´´ÒÌ ¸É·Ê° (ΔE/E � 30 %/

√
E, £¤¥ E ¨§³¥·¥´

¢ ƒÔ‚), ¢Ò¸μ± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¤²Ö ³¥É±¨  ¤·μ´μ¢, ¸μ¤¥·¦ Ð¨Ì b- ¨ c-±¢ ·±¨, Ìμ·μ-
Ï 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,
μÎ¥¢¨¤´μ ¨§ ·¨¸. 1, £¤¥ ¶μ± § ´Ò · ¸¶·¥¤¥²¥´¨Ö μÉ±²μ´¥´¨° ³¥¦¤Ê ®¨¸É¨´´Ò³¨¯ ¨ ®¨§-
³¥·¥´´Ò³¨¯ ´  Ê¸É ´μ¢±¥ μ¡· É´Ò³¨ ¢¥²¨Î¨´ ³¨ ¶μ²´ÒÌ ¨ ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢, ¶μ-
²Ö·´ÒÌ ¨  §¨³ÊÉ ²Ó´ÒÌ Ê£²μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ¶·μÍ¥¸¸¥ e+e− → W+W−.

	¨¸. 1. 	 ¸¶·¥¤¥²¥´¨Ö ¶μ μÉ±²μ´¥´¨Ö³ ³¥¦¤Ê ³μ¤¥²¨·μ¢ ´´Ò³¨ ¨ ®¨§³¥·¥´´Ò³¨¯ ¶ · ³¥É· ³¨

Î ¸É¨Í ¢ e+e− → W +W−-¸μ¡ÒÉ¨ÖÌ ¶·¨
√

s = 500 ƒÔ‚: μ¡· É´Òx ¢¥²¨Î¨´ ¶μ²´ÒÌ (a) ¨ ¶μ¶¥-
·¥Î´ÒÌ (¡) ¨³¶Ê²Ó¸μ¢; ¶μ²Ö·´ÒÌ (¢) ¨  §¨³ÊÉ ²Ó´ÒÌ (£) Ê£²μ¢

�  ·¨¸. 2 ¨ 3 ¶·¨¢¥¤¥´Ò · ¸¶·¥¤¥²¥´¨Ö ¸μ¡ÒÉ¨° e+e− → μ+μ−, W+W− ¶·¨
√

s =
500 ƒÔ‚ ¶μ Ê£²Ê · §²¥É  ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ¶ÊÎ±μ¢. “£μ²
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· §²¥É  μ¶·¥¤¥²Ö²¸Ö ´ ¶· ¢²¥´¨¥³ ¶ÊÎ±  Ô²¥±É·μ´μ¢ ¨ ´ ¶· ¢²¥´¨¥³ ³Õμ´  ¸ μÉ·¨-
Í É¥²Ó´Ò³ § ·Ö¤μ³,   ¢ ¸²ÊÎ ¥ W+W−-¶ ·Ò, ²¥¶Éμ´  ¨²¨ ¸É·Ê¨ Å ¸ μÉ·¨Í É¥²Ó´Ò³
¶μ²´Ò³ § ·Ö¤μ³ ¨ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¥°. ‘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¶¨¸ ´´μ³Ê ¢ PYTHIA.

	¨¸. 2. 	 ¸¶·¥¤¥²¥´¨¥ e+e− → μ+μ−-¸μ¡ÒÉ¨° ¶μ Ê£²Ê · §²¥É  ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ e+e−-

¶ÊÎ±μ¢. �·¥¤¸± § ´¨Ö ¸É ´¤ ·É´μ° ³μ¤¥²¨ (�) ¸· ¢´¨¢ ÕÉ¸Ö ¸ ¢²¨Ö´¨¥³ ¢±² ¤  ¤μ¶μ²´¨É¥²Ó´ÒÌ
¨§³¥·¥´¨° ¶·μ¸É· ´¸É¢  (�, �) (¶μÖ¸´¥´¨Ö ¸³. ¢ É¥±¸É¥)

	¨¸. 3. ’μ ¦¥, ÎÉμ ¨ ´  ·¨¸. 2, ¤²Ö e+e− → W +W−

�  ·¨¸Ê´± Ì É ±¦¥ μÉ· ¦¥´Ò ¶·¥¤¸± § ´¨Ö ¸É ´¤ ·É´μ° ³μ¤¥²¨ ¢ ¸· ¢´¥´¨¨ ¸ ¤ ´-
´Ò³¨, ÊÎ¨ÉÒ¢ ÕÐ¨³¨ ¢±² ¤ ¶·μÍ¥¸¸μ¢ ¸ μ¡³¥´μ³ Œ�ƒ ¶·¨ Ms = 1000 ƒÔ‚ ¨ λ = ±1
(¸³. (4)). “£μ² · §²¥É  ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ´  Ê·μ¢´¥ ¶μ¤¶·μÍ¥¸¸μ¢ ³μ¤¥²¨·μ¢ ²¸Ö ¢
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μ¡² ¸É¨ | cos (Θ)| < 0,95, ¡Ò²μ ÊÎÉ¥´μ · ¤¨ Í¨μ´´μ¥ ¨§²ÊÎ¥´¨¥ ¶ÊÎ±μ¢ÒÌ Î ¸É¨Í. Šμ²¨-
Î¥¸É¢μ ¸μ¡ÒÉ¨° ¸μμÉ¢¥É¸É¢Ê¥É ¨´É¥£· ²Ó´Ò³ ¸¢¥É¨³μ¸ÉÖ³, ¶·¨¢¥¤¥´´Ò³ ´  ·¨¸Ê´± Ì, £¤¥
Ê± § ´μ ´  §´ Î¨É¥²Ó´ÊÕ ³μ¤¨Ë¨± Í¨Õ ¶·¥¤¸± § ´¨° ¸É ´¤ ·É´μ° ³μ¤¥²¨, μ¡Ê¸²μ¢²¥´-
´ÊÕ ¶·μÍ¥¸¸ ³¨ ¸ μ¡³¥´μ³ Œ�ƒ. ‘· ¢´¨É¥²Ó´Ò°  ´ ²¨§ ¢²¨Ö´¨Ö ¶·μÍ¥¸¸μ¢ ¸ μ¡³¥´μ³
Œ�ƒ ¢ μ+μ−- ¨ W+W−-±μ´¥Î´Ò¥ ¸μ¸ÉμÖ´¨Ö ¢ e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶μ§¢μ²¨É ¢Ò¤¥-
²¨ÉÓ ÔÉ¨ ÔËË¥±ÉÒ ¨§  ´ ²μ£¨Î´ÒÌ, μ¡Ê¸²μ¢²¥´´ÒÌ ¤·Ê£¨³¨ Ö¢²¥´¨Ö³¨ ¢´¥ ¸É ´¤ ·É´μ°
³μ¤¥²¨.

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò μÍ¥´±¨ Ms ¸ Ê·μ¢´¥³ ¤μ¸Éμ¢¥·´μ¸É¨ 98 %, ¤μ¸É¨¦¨³Ò¥ ¶·¨√
s = 500 ¨ 800 ƒÔ‚ ¨ Ê± § ´´ÒÌ ¨´É¥£· ²Ó´ÒÌ ¸¢¥É¨³μ¸ÉÖÌ.

‡´ Î¥´¨Ö Ms, ¤μ¸ÉÊ¶´Ò¥ ¤²Ö ¨§³¥·¥´¨Ö ´  TESLA ¢ e+e− → μ+μ−-, W +W−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ
¸ Ê·μ¢´¥³ ¤μ¸Éμ¢¥·´μ¸É¨ 98%. �¥μ¡Ìμ¤¨³Ò¥ ¨´É¥£· ²Ó´Ò¥ ¸¢¥É¨³μ¸É¨ Ê± § ´Ò ¢ ¸±μ¡± Ì

B§ ¨³μ¤¥°¸É¢¨Ö
Ms, ƒÔ‚

√
s = 500 ƒÔ‚

√
s = 800 ƒÔ‚

e+e− → μ+μ− 1900,0 (100 Ë¡−1) 2700,0 (200 Ë¡−1)

e+e− → W +W− 4600,0 ( 20 Ë¡−1) 5200,0 (40 Ë¡−1)

�Í¥´±  Ms ¸² ¡μ § ¢¨¸¨É μÉ ¢Ò¡μ·  §´ ±  ¢±² ¤  ¶·μÍ¥¸¸μ¢ ¸ μ¡³¥´μ³ Œ�ƒ,
δMs ∼ O(10 ƒÔ‚).

‚ § ±²ÕÎ¥´¨e μÉ³¥É¨³, ÎÉμ ¢§ ¨³μ¤¥°¸É¢¨Ö Î ¸É¨Í ¸É ´¤ ·É´μ° ³μ¤¥²¨ ¸ ³ ¸¸¨¢´Ò³¨
£· ¢¨Éμ´ ³¨ ¶·¨¢μ¤ÖÉ ± ´ ¡²Õ¤ ¥³Ò³ ÔËË¥±É ³ ¢ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ ³Õμ´μ¢ ¨ W -
¡μ§μ´μ¢ ¢ e+e−-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨

√
s = 500 (800) ƒÔ‚. „μ¶μ²´¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö

¶·μ¸É· ´¸É¢ -¢·¥³¥´¨ ³μ£ÊÉ ¡ÒÉÓ μ¡´ ·Ê¦¥´Ò ´  e+e−-±μ²² °¤¥· Ì ¨²¨ ³μ¦¥É ¡ÒÉÓ
¤μ¸É¨£´ÊÉμ μ£· ´¨Î¥´¨¥ ¸´¨§Ê ´  Ms, ¸ÊÐ¥¸É¢¥´´μ ¶·¥¢ÒÏ ÕÐ¥¥ §´ Î¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ±
´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨: LEP Å 0,5Ä1,7 ’Ô‚, ÉÔ¢ É·μ´ Å 1,3Ä3,5 ’Ô‚1 (¸³., ´ ¶·¨³¥·, [17]).
� · ³¥É·Ò ¶ÊÎ±μ¢ ¨ ¤¥É¥±Éμ·  ¶μ§¢μ²ÖÉ ¤μ¸É¨£´ÊÉÓ ´  TESLA ¢¥²¨Î¨´Ê Ms, ¸· ¢´¨³ÊÕ
¸ μ¦¨¤ ¥³Ò³ §´ Î¥´¨¥³ ´  LHC, ∼ 6−14 ’Ô‚. �´ ²¨§ ¶·μÍ¥¸¸μ¢ e+e− → W+W−

Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ¡² £μ¶·¨ÖÉ´Ò³ ¤²Ö μÍ¥´±¨ Ms.
�¢Éμ·Ò ¡² £μ¤ ·´Ò �. ƒ. �²ÓÏ¥¢¸±μ³Ê §  ¨´¨Í¨¨·μ¢ ´¨¥ ÔÉμ° · ¡μÉÒ, 
. �.�Ê¤ £μ¢Ê

¨ „. ˆ.•Ê¡Ê  §  ¨´É¥·¥¸ ± · ¡μÉ¥ ¨ ¶μ¤¤¥·¦±Ê, ‚.‹μ³ ´Ê ¨ ‘. 	¥°³ ´ §  ¶μ²¥§´Ò¥
μ¡¸Ê¦¤¥´¨Ö.
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