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‘μ§¤ ´  ³¥Éμ¤¨±  · §¤¥²¥´¨Ö ¸μ¡ÒÉ¨° ¶·μÍ¥¸¸μ¢ e+e− → e+e− ¨ e+e− → π+π−

¢ μ¡² ¸É¨ Ô´¥·£¨¨ μÉ 0,5 ¤μ 1,0 ƒÔ‚ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¶μ Ô´¥·£μ¢Ò¤¥²¥´¨Õ
¢ Ô²¥±É·μ³ £´¨É´μ³ ± ²μ·¨³¥É·¥ ¤¥É¥±Éμ·  ‘�„ ¸ ¶·¨³¥´¥´¨¥³ ³¥Éμ¤μ¢ ³ Ï¨´-
´μ£μ μ¡ÊÎ¥´¨Ö. �ËË¥±É¨¢´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ ¸μ¡ÒÉ¨° ¶·μÍ¥¸¸μ¢ e+e− → e+e−

¨ e+e− → π+π− ¸μ¸É ¢¨²¨ 99,6 ¨ 99,8% ¸μμÉ¢¥É¸É¢¥´´μ.

A technique of discrimination of the e+e− → e+e− and e+e− → π+π− events
in the energy range 0.5 <

√
s < 1 GeV by energy deposition in the electromagnetic

calorimeter of SND detector was developed by applying machine learning techniques.
Identiˇcation efˇciencies for the e+e− → e+e− and e+e− → π+π− events are 99.6 and
99.8%, respectively.

PACS: 07.77.Ka
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‘Ë¥·¨Î¥¸±¨° ´¥°É· ²Ó´Ò° ¤¥É¥±Éμ· (‘�„) [1] Å Ê´¨¢¥·¸ ²Ó´Ò° ¤¥É¥±-
Éμ· ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ´  e+e−-±μ²² °¤¥·¥ ‚���-2000 (�μ¢μ¸¨¡¨·¸±) [2]
¢ μ¡² ¸É¨ Ô´¥·£¨¨ μÉ 0,2 ¤μ 2,0 ƒÔ‚ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸. „¥É¥±Éμ· ¸μ-
¸Éμ¨É ¨§ É·¥±μ¢μ° ¸¨¸É¥³Ò ´  μ¸´μ¢¥ ¤·¥°Ëμ¢μ° ¨ ¶·μ¶μ·Í¨μ´ ²Ó´μ° ± ³¥·,
· ¸¶μ²μ¦¥´´ÒÌ ¢ ¥¤¨´μ³ £ §μ¢μ³ μ¡Ñ¥³¥, ¸¨¸É¥³Ò ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í
´  μ¸´μ¢¥ ¶μ·μ£μ¢ÒÌ  Ô·μ£¥²¥¢ÒÌ Î¥·¥´±μ¢¸±¨Ì ¸Î¥ÉÎ¨±μ¢ [3], É·¥Ì¸²μ°´μ£μ
¸Ë¥·¨Î¥¸±μ£μ Ô²¥±É·μ³ £´¨É´μ£μ ± ²μ·¨³¥É·  ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ NaI(Tl)
¨ ³Õμ´´μ° ¸¨¸É¥³Ò, ¸μ¸ÉμÖÐ¥° ¨§ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ É·Ê¡μ± ¨ ¸Í¨´É¨²²Ö-
Í¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢.

�·μ£· ³³  Ô±¸¶¥·¨³¥´Éμ¢ ¢±²ÕÎ ¥É ¨§³¥·¥´¨¥ ¸¥Î¥´¨° ¶·μÍ¥¸¸μ¢ e+e−-
 ´´¨£¨²ÖÍ¨¨ ¢  ¤·μ´Ò, ±μÉμ·μ¥ ¢ §´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨ ³μÉ¨¢¨·μ¢ ´μ ´¥-
μ¡Ìμ¤¨³μ¸ÉÓÕ ¶·μ¢¥¤¥´¨Ö ¢Ò¸μ±μÉμÎ´ÒÌ · ¸Î¥Éμ¢  ¤·μ´´μ£μ ¢±² ¤  ¢  ´μ-
³ ²Ó´Ò° ³ £´¨É´Ò° ³μ³¥´É ³Õμ´  (g − 2)/2. ‚ Î ¸É´μ¸É¨, ¸¥Î¥´¨¥ ¶·μÍ¥¸¸ 
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e+e− → π+π− ¢ μ¡² ¸É¨ Ô´¥·£¨¨
√

s < 1 ƒÔ‚ ¤ ¥É μ¸´μ¢´μ° ¢±² ¤ ¢ ÔÉÊ
¢¥²¨Î¨´Ê ¨ ¤μ²¦´μ ¡ÒÉÓ ¨§³¥·¥´μ ¸ ÉμÎ´μ¸ÉÓÕ ¢ÒÏ¥ 1%.

‘¥Î¥´¨¥ ¶·μÍ¥¸¸  e+e− → π+π− ¨§³¥·Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. �É-
¡¨· ÕÉ¸Ö ±μ²²¨´¥ ·´Ò¥ ¸μ¡ÒÉ¨Ö, ±Ê¤  ¢Ìμ¤ÖÉ ¸μ¡ÒÉ¨Ö ¶·μÍ¥¸¸μ¢ e+e− →
e+e−, π+π−, μ+μ−. ‘μ¡ÒÉ¨Ö · §¤¥²ÖÕÉ¸Ö ¶μ É¨¶ ³ ´  e+e− ¨ π+π−(μ+μ−),
¨ μ¶·¥¤¥²Ö¥É¸Ö ¨Ì ±μ²¨Î¥¸É¢μ. �ËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ¸μ¡ÒÉ¨° εee ¨
εππ μ¶·¥¤¥²ÖÕÉ¸Ö ¶ÊÉ¥³ ³μ¤¥²¨·μ¢ ´¨Ö ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ. �μ ¸μ¡Ò-
É¨Ö³ e+e− → e+e− ¨§³¥·Ö¥É¸Ö ¨´É¥£· ²Ó´ Ö ¸¢¥É¨³μ¸ÉÓ IL = Nee/σeeεee,
£¤¥ Nee ¨ σee Å ±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° ¨ É¥μ·¥É¨Î¥¸±μ¥ ¸¥Î¥´¨¥ ¶·μÍ¥¸¸ 
e+e− → e+e− ¸μμÉ¢¥É¸É¢¥´´μ. „²Ö μ¶·¥¤¥²¥´¨Ö ±μ²¨Î¥¸É¢  ¸μ¡ÒÉ¨° Nππ

¶·μÍ¥¸¸  e+e− → π+π− ±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° ·¥ ±Í¨¨ e+e− → μ+μ− · ¸-
¸Î¨ÉÒ¢ ¥É¸Ö ¶μ É¥μ·¥É¨Î¥¸±μ³Ê ¸¥Î¥´¨Õ ¨ ¢ÒÎ¨É ¥É¸Ö. ‚¥²¨Î¨´  ¸¥Î¥´¨Ö
¶·μÍ¥¸¸  e+e− → π+π− μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥

σππ =
Nππ

Nee

εee

εππ

σee

1 + δr
. (1)

‡¤¥¸Ó 1 + δr Å ¶μ¶· ¢±  ´  ¨§²ÊÎ¥´¨¥ ËμÉμ´μ¢ ´ Î ²Ó´Ò³¨ Î ¸É¨Í ³¨.
‘μ¡ÒÉ¨Ö ¶·μÍ¥¸¸μ¢ e+e− → e+e−, μ+μ− ¨ π+π− · §²¨Î ÕÉ¸Ö ¶μ Ì -

· ±É¥·Ê Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¢ ± ²μ·¨³¥É·¥. � §²¨Î¨Ö ¢ Ô´¥·£μ¢Ò¤¥²¥´¨ÖÌ
Î ¸É¨Í ¢ ± ²μ·¨³¥É·¥ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö ¸μ§¤ ´¨Ö ¶ · ³¥É·  · §¤¥²¥´¨Ö
¸μ¡ÒÉ¨° ¶·μÍ¥¸¸μ¢ e+e− → e+e− ¨ e+e− → π+π−.
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Œ´μ£μ¸²μ°´ Ö ¸É·Ê±ÉÊ·  ± ²μ·¨³¥É·  ‘�„ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ-
¢ ÉÓ · §²¨Î¨Ö Ô´¥·£μ¢Ò¤¥²¥´¨° ¢¤μ²Ó ´ ¶· ¢²¥´¨Ö ¤¢¨¦¥´¨Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö
É¨¶  Î ¸É¨Í. ‚ ± Î¥¸É¢¥ ¢Ìμ¤´ÒÌ ¶ · ³¥É·μ¢ ¤²Ö · §¤¥²¥´¨Ö ¨¸¶μ²Ó§ÊÕÉ¸Ö
Ô´¥·£μ¢Ò¤¥²¥´¨Ö ¢ ¸²μÖÌ ¡ Ï¥´, ¨§ ±μÉμ·ÒÌ ¸μ¸Éμ¨É ±² ¸É¥· ¢ ± ²μ·¨³¥É·¥,
¸μμÉ¢¥É¸É¢ÊÕÐ¨° Î ¸É¨Í¥ (¡ Ï´Ö Å ÔÉμ É·¨ · ¸¶μ²μ¦¥´´ÒÌ μ¤¨´ §  ¤·Ê£¨³
¸Î¥ÉÎ¨±  ¶¥·¢μ£μ, ¢Éμ·μ£μ ¨ É·¥ÉÓ¥£μ ¸²μ¥¢): 0Ej Å Ô´¥·£μ¢Ò¤¥²¥´¨¥ ¢ j-³
¸²μ¥ ¡ Ï´¨ ¸ ´ ¨¡μ²ÓÏ¨³ Ô´¥·£μ¢Ò¤¥²¥´¨¥³, 1Ej Å ¸Ê³³  Ô´¥·£μ¢Ò¤¥²¥´¨°
¢ j-³ ¸²μ¥ ¢μ¸Ó³¨ ¡ Ï¥´, · ¸¶μ²μ¦¥´´ÒÌ ¢μ±·Ê£ ¡ Ï´¨ ¸ ´ ¨¡μ²ÓÏ¨³ Ô´¥·-
£μ¢Ò¤¥²¥´¨¥³, 2Ej Å ¸Ê³³  Ô´¥·£μ¢Ò¤¥²¥´¨° ¢ j-³ ¸²μ¥ μ¸É ²Ó´ÒÌ ¡ Ï¥´
±² ¸É¥·  (j = 1, 2, 3).

� ¨¡μ²¥¥ ¶μ²´Ò³ μ¡· §μ³ ÊÎ¥¸ÉÓ ±μ··¥²ÖÍ¨¨ Ô´¥·£μ¢Ò¤¥²¥´¨° ¢ ¸²μÖÌ
± ²μ·¨³¥É·  ¶μ§¢μ²Ö¥É ¶ · ³¥É· · §¤¥²¥´¨Ö, μ¸´μ¢ ´´Ò° ´  ³ Ï¨´´μ³ μ¡Ê-
Î¥´¨¨. „²Ö μ¡ÊÎ¥´¨Ö ¡Ò²  ¢Ò¡· ´  ¸¥ÉÓ (²¥¸), ¢±²ÕÎ ÕÐ Ö 900 ¤¥·¥¢Ó¥¢
·¥Ï¥´¨° ¸ £²Ê¡¨´μ°, · ¢´μ° ¤¥¢ÖÉ¨ ± ¦¤μ¥. ‘¥ÉÓ μ¡ÊÎ ² ¸Ó ¶μ ¸μ¡ÒÉ¨Ö³
³μ¤¥²¨·μ¢ ´¨Ö ¶·μÍ¥¸¸μ¢ e+e− → π+π− ¨ e+e− → e+e−. ‚Ìμ¤´Ò³¨ ¶ -
· ³¥É· ³¨ Ö¢²ÖÕÉ¸Ö Ô´¥·£μ¢Ò¤¥²¥´¨Ö kEj ± ¦¤μ° ¨§ Î ¸É¨Í ¨ ¸·¥¤´¨° Ê£μ²
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�¨¸. 1. � ¸¶·¥¤¥²¥´¨¥ ¶μ ¶ · ³¥É·Ê e/π · §¤¥²¥´¨Ö R ¤²Ö ¢¸¥Ì ±μ²²¨´¥ ·´ÒÌ ¸μ¡ÒÉ¨°
¶·¨ Ô´¥·£¨¨

√
s = 778 ŒÔ‚: ÉμÎ±¨ Å Ô±¸¶¥·¨³¥´É; £¨¸Éμ£· ³³  Å ³μ¤¥²¨·μ¢ ´¨¥

θ0 = (θ1 − θ2 − 180◦)/2 Å ¢¸¥£μ 19 ¶ · ³¥É·μ¢. ‡¤¥¸Ó ¨´¤¥±¸Ò 1 ¨ 2 μ¡μ-
§´ Î ÕÉ ´μ³¥·  Î ¸É¨Í. ‚ÒÌμ¤´μ° ¶ · ³¥É· ¸¥É¨ R (¶ · ³¥É· · §¤¥²¥´¨Ö)
¶·¨´¨³ ¥É §´ Î¥´¨Ö μÉ Ä1 ¤μ 1 (·¨¸. 1). ‘μ¡ÒÉ¨Ö e+e− → e+e− ¢ μ¸´μ¢´μ³
· ¸¶μ² £ ÕÉ¸Ö ¢ μ¡² ¸É¨ R < 0,   e+e− → π+π−, μ+μ− Å ¢ μ¡² ¸É¨ R > 0.

�ËË¥±É¨¢´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨

εe =
Nee(R ∈ [−1; 0])
Nee(R ∈ [−1; 1])

, επ =
Nππ(R ∈ [0; 1])

Nππ(R ∈ [−1; 1])
(2)

¸μ¡ÒÉ¨° ¶·μÍ¥¸¸μ¢ e+e− → e+e− ¨ π+π− ¢ μ¡² ¸É¨ ¶¨±  ρ-³¥§μ´ , μ¶·¥¤¥-
²¥´´Ò¥ ¶ÊÉ¥³ ³μ¤¥²¨·μ¢ ´¨Ö, ¸μ¸É ¢²ÖÕÉ μ±μ²μ 0,998 ¨ 0,999 ¸μμÉ¢¥É¸É¢¥´´μ.
‡¤¥¸Ó Nee,ππ(R ∈ [a; b]) Å ±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° ¶·μÍ¥¸¸μ¢ e+e− → e+e− ¨
π+π− ¶·¨ §´ Î¥´¨ÖÌ R ¨§ ¨´É¥·¢ ²  [a; b].
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�¥ÉμÎ´μ¸É¨ ³μ¤¥²¨·μ¢ ´¨Ö Ô´¥·£μ¢Ò¤¥²¥´¨Ö Î ¸É¨Í ¢ ¸²μÖÌ ± ²μ·¨³¥-
É· , ¢ Î ¸É´μ¸É¨ ³μ¤¥²¨·μ¢ ´¨Ö Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶¨μ´μ¢, ¶·¨¢μ¤ÖÉ ±
μÏ¨¡±¥ μ¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨. „²Ö μÍ¥´±¨ ¸¨¸É¥³ É¨-
Î¥¸±μ° ¶μ£·¥Ï´μ¸É¨ ¶·μÍ¥¤Ê·Ò · §¤¥²¥´¨Ö ¨§ Î ¸É¨Í, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢
¶·μÍ¥¸¸ Ì e+e− → e+e− ¨ e+e− → π+π−, ¸μ¸É ¢²Ö²¨¸Ó ¶¸¥¢¤μ-ee- ¨ ¶¸¥¢¤μ-
ππ-¸μ¡ÒÉ¨Ö. �·¨ μÉ¡μ·¥ É ±¨Ì Î ¸É¨Í ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸¨£´ ²Ò  Ô·μ£¥²¥¢ÒÌ
Î¥·¥´±μ¢¸±¨Ì ¸Î¥ÉÎ¨±μ¢ (¸Î¥ÉÎ¨± ¸· ¡ ÉÒ¢ ¥É μÉ Ô²¥±É·μ´μ¢ ¨ ´¥ ¸· ¡ ÉÒ¢ ¥É
μÉ ¶¨μ´μ¢) ¨ ¶ · ³¥É· e/π · §¤¥²¥´¨Ö R′, ¤²Ö ±μÉμ·μ£μ ¢Ìμ¤´Ò³¨ ¤ ´´Ò³¨
Ö¢²Ö²¨¸Ó Éμ²Ó±μ Ô´¥·£μ¢Ò¤¥²¥´¨Ö kEj μ¤´μ° Î ¸É¨ÍÒ. — ¸É¨Í  ¸Î¨É ² ¸Ó
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�¨¸. 2. �μ¶· ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ ± ÔËË¥±É¨¢´μ¸ÉÖ³ · §¤¥²¥´¨Ö (a) ¨ ÔËË¥±É¨¢´μ-
¸É¨ · §¤¥²¥´¨Ö (¶μ¸²¥ ¢¢¥¤¥´¨Ö ¶μ¶· ¢±¨) (¡) ¸μ¡ÒÉ¨° ¶·μÍ¥¸¸μ¢ e+e− → e+e− (�)
¨ e+e− → π+π− (�) ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨

®¶¨μ´μ³¯, ¥¸²¨ μ¡¥ ±μ²²¨´¥ ·´Ò¥ Î ¸É¨ÍÒ ´¥ ¢Ò§Ò¢ ²¨ ¸· ¡ ÉÒ¢ ´¨Ö Î¥·¥´-
±μ¢¸±μ£μ ¸Î¥ÉÎ¨±  ¨ ¤²Ö ¢Éμ·μ° Î ¸É¨ÍÒ R′ > 0. ‚ ¸²ÊÎ ¥, ±μ£¤  R′ < 0 ¤²Ö
¢Éμ·μ° Î ¸É¨ÍÒ ¨ ¸Î¥ÉÎ¨± ¸· ¡ ÉÒ¢ ² ¤²Ö μ¡¥¨Ì Î ¸É¨Í, Î ¸É¨Í  ¸Î¨É ² ¸Ó
®Ô²¥±É·μ´μ³¯. �Éμ¡· ´´Ò¥ Î ¸É¨ÍÒ μ¡Ñ¥¤¨´Ö²¨¸Ó ¶μ¶ ·´μ ¢ ¶¸¥¢¤μ¸μ¡ÒÉ¨Ö.
�ËË¥±É¨¢´μ¸ÉÓ · §¤¥²¥´¨Ö ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨ ¶¸¥¢¤μ¸μ¡ÒÉ¨° ¨ ´ ¸ÉμÖÐ¨Ì
¸μ¡ÒÉ¨° ¸μ£² ¸Ê¥É¸Ö ¸ ÉμÎ´μ¸ÉÓÕ 0,1 % ¤²Ö e+e− ¨ 0,02 % ¤²Ö π+π−.

�¸¥¢¤μ¸μ¡ÒÉ¨Ö ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶μ¶· ¢μÎ´ÒÌ ±μÔË-
Ë¨Í¨¥´Éμ¢ ± ÔËË¥±É¨¢´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ δx = εexp

x /εmc
x , £¤¥ x = e ¨²¨ π,

εexp
x ¨ εmc

x Å ÔËË¥±É¨¢´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ ¶¸¥¢¤μ¸μ¡ÒÉ¨° Ô±¸¶¥·¨¥³´É 
¨ ³μ¤¥²¨·μ¢ ´¨Ö ¸μμÉ¢¥É¸É¢¥´´μ, · ¸¸Î¨É ´´Ò¥ ¶μ Ëμ·³Ê² ³ (2). ‚¥²¨Î¨´Ò
¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ³¥´ÖÕÉ¸Ö μÉ 0,999 ¤μ 0,994 ¸ Ê³¥´ÓÏ¥´¨¥³
Ô´¥·£¨¨ (·¨¸. 2, a). �μ£·¥Ï´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ¶μ¶· ¢±¨ ¸μ¸É ¢²Ö¥É 10−3 ¤²Ö
δe ¨ 5 · 10−4 ¤²Ö δπ. ‚ ¶μ£·¥Ï´μ¸É¨ ¤ ÕÉ ¢±² ¤Ò ¸É É¨¸É¨Î¥¸± Ö ¶μ£·¥Ï-
´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ¶μ¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¨ · §´¨Í  ³¥¦¤Ê ÔËË¥±É¨¢-
´μ¸ÉÖ³¨ ¨¤¥´É¨Ë¨± Í¨¨ ¤²Ö ´ ¸ÉμÖÐ¨Ì ¨ ¶¸¥¢¤μ¸μ¡ÒÉ¨°.

�ËË¥±É¨¢´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ ¸μ¡ÒÉ¨° ¶·μÍ¥¸¸μ¢ e+e− → e+e− ¨
e+e− → π+π− ¶μ¸²¥ Ê³´μ¦¥´¨Ö ´  ¶μ¶· ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ ¶μ± § ´Ò
´  ·¨¸. 2, ¡. �μ£·¥Ï´μ¸É¨ ÔËË¥±É¨¢´μ¸É¥° μ¶·¥¤¥²ÖÕÉ¸Ö ¶μ£·¥Ï´μ¸ÉÖ³¨ ¶μ-
¶· ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢. ‚±² ¤ ¶μ£·¥Ï´μ¸É¨ ÔËË¥±É¨¢´μ¸É¨ ¨¤¥´É¨Ë¨± -
Í¨¨ ¢ ¶μ£·¥Ï´μ¸ÉÓ ¨§³¥·¥´¨Ö ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → π+π− ¢ μ¡² ¸É¨
Ô´¥·£¨¨ μÉ 0,5 ¤μ 1,0 ƒÔ‚ ¸μ¸É ¢²Ö¥É 0,2Ä0,9 %.

‡�Š‹�—…�ˆ…

� §· ¡μÉ ´ ³¥Éμ¤ · §¤¥²¥´¨Ö ¸μ¡ÒÉ¨° ¶·μÍ¥¸¸μ¢ e+e− → e+e− ¨ e+e− →
π+π− ¸ ¶μ³μÐÓÕ ± ²μ·¨³¥É·  ¤¥É¥±Éμ·  ‘�„. �¶·¥¤¥²¥´Ò ÔËË¥±É¨¢´μ-
¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ εe = 99,6% ¨ επ = 99,8% ¶·μÍ¥¸¸μ¢ e+e− → e+e− ¨
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e+e− → π+π− ¸μμÉ¢¥É¸É¢¥´´μ. ‚±² ¤ ¶μ£·¥Ï´μ¸É¥° εe ¨ επ ¢ ¶μ£·¥Ï´μ¸ÉÓ
¨§³¥·¥´¨Ö ¸¥Î¥´¨Ö ¶·μÍ¥¸¸  e+e− → π+π− ¸μ¸É ¢²Ö¥É 0,2Ä0,9 %.

� ¡μÉ  Î ¸É¨Î´μ ¶μ¤¤¥·¦ ´  £· ´É ³¨ �””ˆ º14-02-00129-  ¨
º16-32-00542-³μ²- . — ¸ÉÓ · ¡μÉÒ, ¸¢Ö§ ´´ Ö ¸ ·¥±μ´¸É·Ê±Í¨¥° ±² ¸É¥·μ¢
¢ ± ²μ·¨³¥É·¥, ¶μ¤¤¥·¦ ´  ��” (¶·μ¥±É º14-50-00080).
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