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�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  NA48 (CERN) ¶µ ÉµÎ´µ³Ê ¨§³¥·¥´¨Õ ¸¨£´ ²  ¶·Ö-
³µ£µ CP -´ ·ÊÏ¥´¨Ö (µÉ´µÏ¥´¨¥ ε′/ε) ¢ · ¸¶ ¤ Ì K0 → 2π. ’ ±¦¥ µ¡¸Ê¦¤ ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ
¨§ÊÎ¥´¨Ö ·¥¤±¨Ì ± µ´´ÒÌ · ¸¶ ¤µ¢ ¨ Ë¨§¨Î¥¸± Ö ¶·µ£· ³³  ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤µ¢ ´¨° ´  Éµ°
¦¥ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ê¸É ´µ¢±¥ ¶µ¸²¥ ¥¥ ³µ¤¨Ë¨± Í¨¨.

The results of the NA48 experiment (CERN) devoted to the precision measurement of the direct
CP violation signal (ε′/ε ratio) in the decay K0 → 2π are presented. The results on the study of
rare kaon decays and physics program of further investigations at the same experimental set-up after
its modiˇcation are discussed as well.

ˆ¸¸²¥¤µ¢ ´¨¥ ± µ´µ¢ ¢´¥¸²µ §´ Î¨É¥²Ó´Ò° ¢±² ¤ ¢ Ëµ·³¨·µ¢ ´¨¥ ¸µ¢·¥-
³¥´´µ° Ë¨§¨±¨ Î ¸É¨Í. ’¥³ ´¥ ³¥´¥¥ ¶µÉ¥´Í¨ ² Ë¨§¨±¨ ± µ´µ¢ ¤ ²¥±µ ´¥
¨¸Î¥·¶ ´. 
  ¸¥£µ¤´Ö Ê¦¥ µÎ¥¢¨¤´µ, ÎÉµ µ¤¨´ ¨§ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¶·¨´Í¨¶µ¢,
²¥¦ Ð¨Ì ¢ µ¸´µ¢¥ ¸µ¢·¥³¥´´µ° ± ·É¨´Ò ³¨· , Å ¶·Ö³µ¥ CP -´ ·ÊÏ¥´¨¥ µ¡-
´ ·Ê¦¥´µ ¨³¥´´µ ¢ · ¸¶ ¤ Ì ± µ´µ¢. �·¥Í¨§¨µ´´µ¥ ¨§ÊÎ¥´¨¥ · ¸¶ ¤µ¢ ± µ´µ¢
¶µ§¢µ²Ö¥É ¶·µ¢¥·ÖÉÓ ¶·¥¤¸± § ´¨Ö ¸É ´¤ ·É´µ° ³µ¤¥²¨ (‘Œ), µ¸ÊÐ¥¸É¢²ÖÉÓ
¶µ¨¸± Ö¢²¥´¨°, ¢ÒÌµ¤ÖÐ¨Ì §  ¥¥ · ³±¨, ¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ ¨§³¥·ÖÉÓ ¶ · -
³¥É·Ò ¶¥·ÉÊ·¡ É¨¢´µ° ±¨· ²Ó´µ° ³µ¤¥²¨ ¨ ³´µ£µ¥ ¤·Ê£µ¥.

ƒ² ¢´µ° Í¥²ÓÕ Ô±¸¶¥·¨³¥´É  NA48 Ö¢²Ö¥É¸Ö ¨§³¥·¥´¨¥ ¶ · ³¥É·  ¶·Ö-
³µ£µ CP -´ ·ÊÏ¥´¨Ö ε′/ε ¢ · ¸¶ ¤ Ì ´¥°É· ²Ó´ÒÌ ± µ´µ¢. �¤´µ¢·¥³¥´´µ ¢
Ô±¸¶¥·¨³¥´É¥ ¨§ÊÎ ÕÉ¸Ö ·¥¤±¨¥ · ¸¶ ¤Ò ´¥°É· ²Ó´ÒÌ ± µ´µ¢ KL ¨ KS . �µ¤-
£µÉµ¢²¥´  É ±¦¥ ´µ¢ Ö ¶·µ£· ³³  ¨¸¸²¥¤µ¢ ´¨° · ¸¶ ¤µ¢ § ·Ö¦¥´´ÒÌ ± µ´µ¢.

1. �Š‘�…�ˆŒ…�’ NA48

‘¨¸É¥³  ¶ÊÎ±µ¢ ´¥°É· ²Ó´ÒÌ ± µ´µ¢ [1], ¸µ§¤ ´´ Ö ¢ Ô±¸¶¥·¨³¥´É¥ NA48,
¶µ§¢µ²¨²  µ¸ÊÐ¥¸É¢¨ÉÓ ¨§³¥·¥´¨Ö ¶ · ³¥É·  ¶·Ö³µ£µ CP -´ ·ÊÏ¥´¨Ö ε′/ε ¸
³¨´¨³ ²Ó´Ò³¨ ¸¨¸É¥³ É¨Î¥¸±¨³¨ ¶µ£·¥Ï´µ¸ÉÖ³¨ ¨ ¢Ò¸µ±µ° ¸É É¨¸É¨Î¥¸±µ°
ÉµÎ´µ¸ÉÓÕ. �ÊÎ±¨ KL ¨ KS ¸µ ¸·¥¤´¨³ ¨³¶Ê²Ó¸µ³ 110 ƒÔ‚ µ¡· §ÊÕÉ¸Ö ´ 
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�¨¸. 1. �ÊÎ±¨ ´¥°É· ²Ó´ÒÌ ± µ´µ¢ ¢ Ô±¸¶¥·¨³¥´Ée NA48

¤¢ÊÌ · §²¨Î´ÒÌ ³¨Ï¥´ÖÌ ¸ ¶µ³µÐÓÕ µ¤´µ£µ ¨ Éµ£µ ¦¥ ¢Ò¢¥¤¥´´µ£µ ¨§ SPS
¶ÊÎ±  ¶·µÉµ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ 450 ƒÔ‚ ¨ ¨´É¥´¸¨¢´µ¸ÉÓÕ ∼ 1, 1 ·1012 §  ¸¡·µ¸,
¶·µ¤µ²¦¨É¥²Ó´µ¸ÉÓ ±µÉµ·µ£µ ¸µ¸É ¢²Ö¥É 2,4 ¸ ¶·¨ Í¨±²¥ 14,4 ¸. Œ¨Ï¥´¨ KL

¨ KS · ¸¶µ²µ¦¥´Ò ´  · ¸¸ÉµÖ´¨ÖÌ, ¸µµÉ¢¥É¸É¢¥´´µ, 126 ¨ 6 ³ µÉ ´ Î ²  · ¸-
¶ ¤´µ£µ µ¡Ñ¥³  ¨ µ¡¥¸¶¥Î¨¢aÕÉ, É ±¨³ µ¡· §µ³, ¸µ¨§³¥·¨³Ò¥ ¨´É¥´¸¨¢´µ¸É¨
· ¸¶ ¤µ¢ ± ¦¤µ£µ ¨§ ± µ´µ¢ ¢ µ¡² ¸É¨ µ¡Ð¥£µ · ¸¶ ¤´µ£µ µ¡Ñe³  (·¨¸. 1). �Ê-
Îµ± KL µ¡· §Ê¥É¸Ö ¶µ¤ Ê£²µ³ 2,4 ³· ¤ ± ¶ ¤ ÕÐ¨³ ¶·µÉµ´ ³ ¨ Ëµ·³¨·Ê¥É¸Ö
¸¨¸É¥³µ° ±µ²²¨³ Éµ·µ¢ ¨ µÎ¨Ð ÕÐ¨Ì ³ £´¨Éµ¢ ¢¤µ²Ó µ¸¨ OZ. — ¸ÉÓ ¶·µÉµ-
´µ¢, ´¥¶·µ¢§ ¨³µ¤¥°¸É¢µ¢ ¢Ï Ö ¢ ³¨Ï¥´¨ KL, ¸ ¨´É¥´¸¨¢´µ¸ÉÓÕ ∼ 1, 1 · 107

§  ¸¡·µ¸ ´ ¶· ¢²ÖÕÉ¸Ö ´  ³¨Ï¥´Ó KS , ¸³¥Ð¥´´ÊÕ µÉ´µ¸¨É¥²Ó´µ µ¸¨ ¶ÊÎ± 
KL ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢²¥´¨¨ (Y = 68 ³³). �É¨ ¶·µÉµ´Ò ¤¥É¥±É¨·ÊÕÉ¸Ö ¸
¶µ³µÐÓÕ ¸¨¸É¥³Ò ³¥Î¥´¨Ö [2], ¸µ¸ÉµÖÐ¥° ¨§ ·Ö¤  Éµ´±¨Ì ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ
¸Î¥ÉÎ¨±µ¢. ‚·¥³¥´´µ¥ · §·¥Ï¥´¨¥ ¸¨¸É¥³Ò ³¥Î¥´¨Ö Å 120 ¶¸.

� ¸¶ ¤´Ò° µ¡Ñ¥³ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¢ ±ÊÊ³ ¢ ¸É ²Ó´µ° É·Ê¡¥ ¤¨ ³¥É·µ³
2,4 ¨ ¤²¨´µ° 90 ³. ‚ ±ÊÊ³´Ò° µ¡Ñ¥³ ¶·µ¤µ²¦ ¥É¸Ö ¨ §  ±µ´Íµ³ · ¸¶ ¤´µ£µ
µ¡Ñe³ , ´µ Ê¦¥ ¢ É·Ê¡¥ ¤¨ ³¥É·µ³ 20 c³, ¶·µÌµ¤ÖÐ¥° ¸±¢µ§Ó ¢¸¥ Ô²¥³¥´ÉÒ
Ê¸É ´µ¢±¨ ¤²Ö ¶·µ¶Ê¸±  ¨´É¥´¸¨¢´µ£µ ´¥°É· ²Ó´µ£µ ¶ÊÎ± . 
 Î ²µ · ¸¶ ¤´µ£µ
µ¡Ñ¥³  µ¶·¥¤¥²¥´µ ¸¨¸É¥³µ° ¸Î¥ÉÎ¨±µ¢  ´É¨¸µ¢¶ ¤¥´¨°, · ¸¶µ²µ¦¥´´ÒÌ ´¥-
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�¨¸. 2. ‘Ì¥³  Ê¸É ´µ¢±¨ NA48

¶µ¸·¥¤¸É¢¥´´µ §  ¸¨¸É¥³µ° ±µ²²¨³ Éµ·µ¢, Ëµ·³¨·ÊÕÐ¨Ì ¶ÊÎµ± KS . �¸¨
¶ÊÎ±µ¢ KL ¨ KS µ¡· §ÊÕÉ Ê£µ² 0,6 ³· ¤ ¨ ¸Ìµ¤ÖÉ¸Ö ¢ Í¥´É·¥ Ê¸É ´µ¢±¨.

‡ ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¤¥É¥±É¨·ÊÕÉ¸Ö ¸ ¶µ³µÐÓÕ ³ £´¨É´µ£µ ¸¶¥±É·µ-
³¥É· , ¸µ¸ÉµÖÐ¥£µ ¨§  ´ ²¨§¨·ÊÕÐ¥£µ ³ £´¨É  ¸  ¶¥·ÉÊ·µ° 2, 6× 2, 6 ³ ¨ ¶µ-
²¥³, ´ ¶· ¢²¥´´Ò³ ¢¥·É¨± ²Ó´µ (¢¤µ²Ó µ¸¨ OY ), ¨ Î¥ÉÒ·eÌ ¤·¥°Ëµ¢ÒÌ ± ³¥·
[3], · ¸¶µ²µ¦¥´´ÒÌ ¢¤µ²Ó ¶ÊÎ±  ¶µ ¤¢¥ ¤µ ¨ ¶µ¸²¥ ³ £´¨É  (·¨¸. 2). Š ¦¤ Ö
± ³¥·  ¸µ¸Éµ¨É ¨§ Î¥ÉÒ·eÌ ·¥£¨¸É·¨·ÊÕÐ¨Ì ¶²µ¸±µ¸É¥°, ¨§³¥·ÖÕÐ¨Ì, ¸µµÉ-
¢¥É¸É¢¥´´µ, X-, Y -, U - ¨ V -±µµ·¤¨´ ÉÒ (µ¸¨ OU ¨ OV µ¡· §ÊÕÉ Ê£µ² 45◦,
¸µµÉ¢¥É¸É¢¥´´µ, ¸ µ¸Ö³¨ OX ¨ OY ). �·µ¸É· ´¸É¢µ ³¥¦¤Ê ± ³¥· ³¨ § ¶µ²-
´¥´µ £¥²¨¥³ ¤²Ö ³¨´¨³¨§ Í¨¨ ³´µ£µ±· É´µ£µ · ¸¸¥Ö´¨Ö ¤¥É¥±É¨·Ê¥³ÒÌ Î -
¸É¨Í. ‘·¥¤´¨¥ ÔËË¥±É¨¢´µ¸É¨ ± ³¥· Å 99,5%,   ¶·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥-
´¨¥ ¢ ± ¦¤µ° ¨§ ¶²µ¸±µ¸É¥° Å 90 ³±³, ÎÉµ µ¡¥¸¶¥Î¨¢ ¥É ¤µ¸É ÉµÎ´µ ¢Ò¸µ±µ¥
¨³¶Ê²Ó¸´µ¥ · §·¥Ï¥´¨¥ ¸¶¥±É·µ³¥É·  σ(P )/P = 0, 5 %⊕0, 009 (ƒÔ‚/c)−1 ·P .
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‡ ¶Ê¸± ¸¶¥±É·µ³¥É·  µ¸ÊÐ¥¸É¢²Ö¥É¸Ö É·¨££¥·µ³ ¶¥·¢µ£µ Ê·µ¢´Ö, ¸¨£´ ²Ò
´  ±µÉµ·Ò° ¶µ¸ÉÊ¶ ÕÉ µÉ ¤¢ÊÌ ¶²µ¸±µ¸É¥° £µ¤µ¸±µ¶µ¢ (¢¥·É¨± ²Ó´µ£µ ¨ £µ·¨-
§µ´É ²Ó´µ£µ) ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢, · ¸¶µ²µ¦¥´´ÒÌ ´¥¶µ¸·¥¤¸É¢¥´´µ
§  Î¥É¢¥·Éµ° ± ³¥·µ° ³ £´¨É´µ£µ ¸¶¥±É·µ³¥É· . ‹µ£¨±  É·¨££¥·  µ¡¥¸¶¥Î¨-
¢ ¥É¸Ö ¸· ¡ ÉÒ¢ ´¨¥³ ¤¢ÊÌ ¤¨ ³¥É· ²Ó´µ ¶·µÉ¨¢µ¶µ²µ¦´ÒÌ ±¢ ¤· ´Éµ¢ £µ-
¤µ¸±µ¶¨Î¥¸±¨Ì ¸Î¥ÉÎ¨±µ¢. ‚·¥³¥´´µ¥ · §·¥Ï¥´¨¥ ¸¨£´ ²µ¢ ∼ 200 ´¸. �·µ-
¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥ ¢µ¸¸É ´µ¢²¥´´µ° ¢¥·Ï¨´Ò · ¸¶ ¤µ¢ KS → π+π−

¨ KL → π+π− µ±µ²µ 50 ¸³ ¢¤µ²Ó µ¸¨ ¶ÊÎ±  ¨ 2 ³³ ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢-
²¥´¨¨. ‘ ÊÎ¥Éµ³ ¸¤¢¨´ÊÉµ° KS-³¨Ï¥´¨ ¶µ¸²¥¤´¨° ¶ · ³¥É· µ¡¥¸¶¥Î¨¢ ¥É
¶µ²´µ¥ ¶·µ¸É· ´¸É¢¥´´µ¥ · §¤¥²¥´¨¥ KS- ¨ KL-· ¸¶ ¤µ¢ ¶µ ¨Ì ¢¥·Ï¨´¥.
’¨¶¨Î´µ¥ · §·¥Ï¥´¨¥ ¶µ ¨´¢ ·¨ ´É´µ° ³ ¸¸¥ ¤¢ÊÌ ¶¨µ´µ¢ Å 2,5 ŒÔ‚/c2.

„²Ö ·¥£¨¸É· Í¨¨ Ô²¥±É·µ´µ¢ ¨ ËµÉµ´µ¢ ¶·¨³¥´Ö¥É¸Ö ±¢ §¨£µ³µ£¥´´Ò°
¦¨¤±µ±·¨¶Éµ´µ¢Ò° Ô²¥±É·µ³ £´¨É´Ò° ± ²µ·¨³¥É· (†ŠŠ) [4], · ¸¶µ²µ¦¥´-
´Ò° ´¥¶µ¸·¥¤¸É¢¥´´µ §  £µ¤µ¸±µ¶µ³ ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢ ¨ ¨³¥Õ-
Ð¨° 27 · ¤¨ Í¨µ´´ÒÌ ¤²¨´ ¶µ ¶ÊÎ±Ê. Š ²µ·¨³¥É· ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¶µ-
³¥Ð¥´´ÊÕ ¢ ¦¨¤±¨° ±·¨¶Éµ´ ¸É·Ê±ÉÊ·Ê ¨§ ³¥¤´µ-¡¥·¨²²¨¥¢ÒÌ Ô²¥±É·µ¤µ¢
¢ ¢¨¤¥ ²¥´É, ´ ÉÖ´ÊÉÒÌ ³¥¦¤Ê ¶¥·¥¤´¥° ¨ § ¤´¥° ¸É¥´± ³¨ ± ²µ·¨³¥É·  ¨
µ¡· §ÊÕÐ¨Ì £¥µ³¥É·¨Õ ® ±±µ·¤¥µ´ ¯ ¸ Ê£² ³¨ ± 48 ³· ¤. ‚¸¥£µ µ¡· §µ¢ ´µ
13212 ± ´ ²µ¢, ¨³¥ÕÐ¨Ì ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ 2×2 ¸³ ¨ ¶·µ¥±Í¨µ´´ÊÕ £¥µ³¥-
É·¨Õ, Éµ ¥¸ÉÓ ¸²¥£±  · ¸Ìµ¤ÖÐ¨¥¸Ö ¢¤µ²Ó ¶ÊÎ±  (0,2 ³³ ´  1 ³) µ¸¨ ± ´ ²µ¢.
‘¨£´ ²Ò ¸ Ô²¥±É·µ¤µ¢ ¨§³¥·ÖÕÉ¸Ö ¶µ ¸¨²¥ Éµ± , ¨´¤ÊÍ¨·µ¢ ´´µ£µ ¨µ´¨§ Í¨¥°
¢ ·¥§Ê²ÓÉ É¥ Ô²¥±É·µ³ £´¨É´µ£µ ²¨¢´Ö ¨²¨ ¶·µÌµ¤ÖÐ¨Ì § ·Ö¦¥´´ÒÌ Î ¸É¨Í.
„µ¸É¨£´ÊÉµ¥ ¶·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥ ± ²µ·¨³¥É·  ²ÊÎÏ¥ 1,3 ³³,   ¢·¥-
³¥´´µ¥ Å ´¥ ÌÊ¦¥ 300 ´¸ ¶·¨ Ô´¥·£¨¨ ËµÉµ´µ¢ 20 ƒÔ‚. �´¥·£¥É¨Î¥¸±µ¥
· §·¥Ï¥´¨¥ ¸µ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê σ(E)/E = 0,100/E⊕0,032/

√
E⊕0,005, £¤¥

Ô´¥·£¨Ö E ¢Ò· ¦¥´  ¢ ƒÔ‚. ‡  †ŠŠ ¶µ¸²¥¤µ¢ É¥²Ó´µ ¶µ ¶ÊÎ±Ê · ¸¶µ²µ¦¥´Ò
 ¤·µ´´Ò° ± ²µ·¨³¥É· É¨¶  ®¸Ô´¤¢¨Î¯, µ¡· §µ¢ ´´Ò° ¸²µÖ³¨ ¦¥²¥§  ¨ ¸Í¨´-
É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢, ¨ ¤¥É¥±Éµ· ³Õµ´µ¢, ¸µ¸ÉµÖÐ¨° ¨§ ¤¢ÊÌ ¶²µ¸±µ¸É¥°
¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢ ¸ ¦¥²¥§´µ° § Ð¨Éµ° ¶¥·¥¤ ± ¦¤o° ¶²µ¸±µ¸ÉÓÕ.

2. ˆ‡Œ…�…�ˆ… ����Œ…’�� ��ŸŒ�ƒ� ‘�-���“˜…�ˆŸ
‚ ��‘��„�• �…‰’��‹œ�›• Š����‚

‚¶¥·¢Ò¥ CP -´ ·ÊÏ¥´¨¥ ¡Ò²µ µ¡´ ·Ê¦¥´µ ¢ · ¸¶ ¤ Ì ´¥°É· ²Ó´ÒÌ ¤µ²-
£µ¦¨¢ÊÐ¨Ì ± µ´µ¢ ´  ¤¢  § ·Ö¦¥´´ÒÌ ¶¨µ´  KL → π+π− [5], ±µÉµ·Ò¥ ¶·µ¨¸-
Ìµ¤ÖÉ §  ¸Î¥É ´¥§´ Î¨É¥²Ó´µ° ¶·¨³¥¸¨ CP -Î¥É´µ£µ ¸µ¸ÉµÖ´¨Ö ¢ KL, Ì · ±É¥-
·¨§ÊÕÐ¥°¸Ö ³ ²Ò³ ±µ³¶²¥±¸´Ò³ ¶ · ³¥É·µ³ ε (Re (ε) = 2, 28 · 10−3). ‚ · ³-
± Ì ‘Œ É ±µ¥ ¸³¥Ï¨¢ ´¨¥ µ¡Ê¸²µ¢²¥´µ ¶¥·¥Ìµ¤ ³¨ ¸ ∆S = 2, µ¶¨¸Ò¢ ¥³Ò³¨
®box¯-¤¨ £· ³³ ³¨ ¸ ¶·¨¢²¥Î¥´¨¥³ ¤¢ÊÌ ¶µ±µ²¥´¨° ±¢ ·±µ¢. �¤´ ±µ ‘Œ
¶·¥¤¸± §Ò¢ ¥É É ±¦¥ ¨ ®¶·Ö³µ¥¯ CP -´ ·ÊÏ¥´¨¥, ¶·µÖ¢²ÖÕÐ¥¥¸Ö ´¥¶µ¸·¥¤-
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¸É¢¥´´µ ¢ ¸² ¡ÒÌ · ¸¶ ¤ Ì ¸ ∆S = 1. „²Ö µ¶¨¸ ´¨Ö ¶·Ö³µ£µ CP -´ ·ÊÏ¥´¨Ö
´¥µ¡Ìµ¤¨³µ ´ ²¨Î¨¥ É·eÌ ¶µ±µ²¥´¨° ±¢ ·±µ¢ ¨ ´¥´Ê²¥¢µ° Ë §Ò ³ É·¨ÍÒ
¸³¥Ï¨¢ ´¨Ö Š ¡¨¡¡µÄŠµ¡ ÖÏ¨ÄŒ ¸± ¢Ò. �·Ö³µ¥ CP -´ ·ÊÏ¥´¨¥ ¢ · ¸¶ -
¤ Ì ´¥°É· ²Ó´ÒÌ ± µ´µ¢ ³µ¦¥É ¶·µÖ¢¨ÉÓ¸Ö §  ¸Î¥É ¨´É¥·Ë¥·¥´Í¨¨ ±µ´¥Î´ÒÌ
¸µ¸ÉµÖ´¨° ¸ · §²¨Î´Ò³¨ §´ Î¥´¨Ö³¨ ¨§µ¸¶¨´  ¨ µ¶¨¸Ò¢ ¥É¸Ö ³ ²Ò³ ±µ³-
¶²¥±¸´Ò³ ¶ · ³¥É·µ³ ε′. � ¸Î¥ÉÒ ¶·¥¤¸± §Ò¢ ÕÉ §´ Î¥´¨Ö ¤²Ö µÉ´µÏ¥´¨Ö
Re (ε/ε′) ¢ ¨´É¥·¢ ²¥ 0 ÷ 10 · 10−4 [6].

�±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³µ° ¢¥²¨Î¨´µ°, ¶µ§¢µ²ÖÕÐ¥° ¨§³¥·¨ÉÓ ¶ -
· ³¥É· ¶·Ö³µ£µ CP -´ ·ÊÏ¥´¨Ö, Ö¢²Ö¥É¸Ö ¤¢µ°´µ¥ µÉ´µÏ¥´¨¥

R =
Γ(KL → π0π0)/Γ(KS → π0π0)

Γ(KL → π+π−)/Γ(KS → π+π−)
≈ 1 − 6Re (ε/ε′).

�¥§Ê²ÓÉ ÉÒ ¤¢ÊÌ ´ ¨¡µ²¥¥ ÉµÎ´ÒÌ ¨§³¥·¥´¨°, ¶µ²ÊÎ¥´´ÒÌ ¢ Ô±¸¶¥·¨³¥´-
É Ì ¶·¥¤Ò¤ÊÐ¥£µ ¶µ±µ²¥´¨Ö E731 ¢ FNAL ¨ NA31 ¢ CERN, ¤ ²¨ ¶²µÌµ ¸µ£² -
¸ÊÕÐ¨¥¸Ö §´ Î¥´¨Ö, ¸µµÉ¢¥É¸É¢¥´´µ, (7, 4±5, 9) · 10−4 [7] ¨ (23±6, 5) · 10−4

[8], ±µÉµ·Ò¥ ´¥ ¶µ§¢µ²¨²¨ ¸¤¥² ÉÓ µ¤´µ§´ Î´Ò° ¢Ò¢µ¤ µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ Ö¢²¥-
´¨Ö ¶·Ö³µ£µ CP -´ ·ÊÏ¥´¨Ö. �Éµ ¶·¨¢¥²µ ± ¶µÖ¢²¥´¨Õ ¤¢ÊÌ ´µ¢ÒÌ ¶·¥¤²µ-
¦¥´¨° ¶µ ¨§³¥·¥´¨Õ R ¸ ÉµÎ´µ¸ÉÓÕ ¶µ·Ö¤±  2·10−4: KTEV ¢ FNAL ¨ NA48 ¢
CERN. �¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì Ô±¸¶¥·¨³¥´Éµ¢, µ¸´µ¢ ´´Ò¥ ´  µ¡· ¡µÉ±¥ 10Ä
15% µÉ § ¶² ´¨·µ¢ ´´µ° ¸É É¨¸É¨±¨, ¡Ò²¨ µ¶Ê¡²¨±µ¢ ´Ò ¢ 1999 £. [9, 10].
�·¨ ÔÉµ³ ¢ Ô±¸¶¥·¨³¥´É¥ KTEV ¡Ò²  ¨¸¶µ²Ó§µ¢ ´  É¥Ì´¨± ,  ´ ²µ£¨Î´ Ö
Ô±¸¶¥·¨³¥´ÉÊ E731, ¨ ¶µ²ÊÎ¥´ ·¥§Ê²ÓÉ É Re (ε/ε′) = (28, 0 ± 4, 1) · 10−4, ÎÉµ
¸ÊÐ¥¸É¢¥´´µ ¢ÒÏ¥ µ¸´µ¢´ÒÌ · ¸Î¥Éµ¢ ¢ · ³± Ì ‘Œ.

‚ Ô±¸¶¥·¨³¥´É¥ NA48 ¡Ò² ·¥ ²¨§µ¢ ´ ´µ¢Ò° ¶µ¤Ìµ¤, µ¸´µ¢ ´´Ò° ´ 
¨§³¥·¥´¨¨ ¢¥²¨Î¨´Ò R ¶ÊÉ¥³ ¸Î¥É  Î¨¸²  ¸µ¡ÒÉ¨° ¢ ± ¦¤µ° ¨§ Î¥ÉÒ·eÌ
³µ¤ · ¸¶ ¤  ´¥§ ¢¨¸¨³µ ¢ ¤µ¸É ÉµÎ´µ Ê§±¨Ì ¨´É¥·¢ ² Ì ¨³¶Ê²Ó¸µ¢. �·¨ ÔÉµ³
¡µ²ÓÏ¨´¸É¢µ ¢µ§³µ¦´ÒÌ ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶µ£·¥Ï´µ¸É¥° R ±µ´É·µ²¨·Ê¥É¸Ö
¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ ¡² £µ¤ ·Ö ¨Ì ¸µ±· Ð¥´¨Õ ¶·¨ ¸¨³³¥É·¨Î´µ³ ¢±² ¤¥ ¢
· §²¨Î´Ò¥ ±µ³¶µ´¥´ÉÒ ¤¢µ°´µ£µ µÉ´µÏ¥´¨Ö.

ˆ´Ëµ·³ Í¨Ö µ ± ¦¤µ° ¨§ Î¥ÉÒ·eÌ ³µ¤ · ¸¶ ¤  ´¥°É· ²Ó´ÒÌ ± µ´µ¢ ·¥-
£¨¸É·¨·ÊeÉ¸Ö µ¤´µ¢·¥³¥´´µ, ³¨´¨³¨§¨·ÊÖ É¥³ ¸ ³Ò³ § ¢¨¸¨³µ¸ÉÓ ¨§³¥·¥´¨°
µÉ ²Õ¡ÒÌ ¢ ·¨ Í¨° ¢µ ¢·¥³¥´¨ ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±µ¢ ¨ ¸¢Ö§ ´´µ° ¸ ÔÉ¨³
 ±É¨¢´µ¸É¨ ¸²ÊÎ °´ÒÌ ¸µ¢¶ ¤¥´¨°,   É ±¦¥ µÉ ¢µ§³µ¦´ÒÌ ¢·¥³¥´´ÒÌ ´¥¸É -
¡¨²Ó´µ¸É¥° Ì · ±É¥·¨¸É¨± ¤¥É¥±Éµ·µ¢ Ê¸É ´µ¢±¨. � ¸¶ ¤Ò KL ¨ KS µ¡¥¸-
¶¥Î¨¢ ÕÉ¸Ö ¤¢Ê³Ö ¶µÎÉ¨ ¸µ¢¶ ¤ ÕÐ¨³¨ ¢ ¶·µ¸É· ´¸É¢¥ ¶ÊÎ± ³¨ ¸  ´ ²µ-
£¨Î´Ò³¨ ¸¶¥±É· ³¨ ¨³¶Ê²Ó¸µ¢, ´ Í¥²¥´´Ò³¨ ´  Í¥´É· Ê¸É ´µ¢±¨. ‘ Í¥²ÓÕ
Ê³¥´ÓÏ¥´¨Ö · §´µ¸É¨ £¥µ³¥É·¨Î¥¸±¨Ì ÔËË¥±É¨¢´µ¸É¥° ·¥£¨¸É· Í¨¨ ¨§-§  ¸Ê-
Ð¥¸É¢¥´´µ · §²¨Î ÕÐ¨Ì¸Ö · ¸¶ ¤´ÒÌ ¤²¨´ KL- ¨ KS-· ¸¶ ¤Ò ¢ ± ¦¤µ³ ¨§
¶ÊÎ±µ¢ ·¥£¨¸É·¨·µ¢ ²¨¸Ó Éµ²Ó±µ ¢ µ¡² ¸É¨ KS-· ¸¶ ¤µ¢,   ¸µ¡ÒÉ¨Ö ¶·¨  ´ -
²¨§¥ ¢§¢¥Ï¨¢ ²¨¸Ó ¢ § ¢¨¸¨³µ¸É¨ µÉ ¢·¥³¥´¨ ¶·µ²¥É  ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¨§-
¢¥¸É´Ò³ µÉ´µÏ¥´¨¥³ ¢·¥³¥´ ¦¨§´¨ KL ¨ KS . u² £µ¤ ·Ö É ±µ³Ê ¶µ¤Ìµ¤Ê
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±µ´¥Î´Ò° ·¥§Ê²ÓÉ É ´¥ § ¢¨¸¨É ¸ÊÐ¥¸É¢¥´´µ µÉ · ¸Î¥Éµ¢ ÔËË¥±É¨¢´µ¸É¥°,
±µÉµ·Ò¥, É¥³ ´¥ ³¥´¥¥, ¶·µ¢µ¤¨²¨¸Ó ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ ¨ ÊÎ¨ÉÒ¢ ²¨¸Ó ¢
± Î¥¸É¢¥ ¶µ¶· ¢µ±.

�¨¸. 3. ‘· ¢´¥´¨e Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ ¶µ Re (ε/ε′) (FNAL ¨ CERN)

‘É É¨¸É¨±  § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¨
¢Ò¤¥²¥´´ÒÌ · ¸¶ ¤µ¢ ¢ ¶¥·¢µ³ ¸¥ ´-
¸¥ Ô±¸¶¥·¨³¥´É  NA48, ¶·µ¢¥¤¥´´µ³
¢ 1997 £., ¸µ¸É ¢¨²  484 · 103 · ¸¶ -
¤µ¢ KL → π0π0, 975 · 103 Å KS →
π0π0, 1,058 ·106 Å KL → π+π− ¨
2,087 ·106 Å KS → π+π−. 
 ¨¡µ²¥¥
É·Ê¤´Ò³¨ ¤²Ö ·¥£¨¸É· Í¨¨ Ö¢²ÖÕÉ¸Ö
CP -´ ·ÊÏ ÕÐ¨¥ · ¸¶ ¤Ò KL → π0π0,
±µÉµ·Ò¥ ¨ µ¡Ê¸²µ¢¨²¨, ¢ ±µ´¥Î´µ³
¸Î¥É¥, ¸É É¨¸É¨Î¥¸±ÊÕ ÉµÎ´µ¸ÉÓ ¨§³¥·¥-
´¨Ö Re (ε/ε′). �¸´µ¢´Ò³¨ ¨¸ÉµÎ´¨± ³¨
¸¨¸É¥³ É¨Î¥¸±µ° µÏ¨¡±¨ Ö¢²ÖÕÉ¸Ö ¶µ-
¶· ¢±¨, ¸¢Ö§ ´´Ò¥ ¸ ³¥Î¥´¨¥³ ¶ÊÎ± ,
ÔËË¥±É¨¢´µ¸ÉÓÕ É·¨££¥·  π+π−, µÍ¥´-
±µ° Ëµ´ , ÔËË¥±É¨¢´µ¸ÉÓÕ ·¥£¨¸É· -
Í¨¨, µÍ¥´±µ° ¸²ÊÎ °´ÒÌ ¸µ¢¶ ¤¥´¨°,
¶¥·¥· ¸¸¥Ö´¨¥³ Î ¸É¨Í ¶ÊÎ± , ± ²¨¡·µ¢±µ° Ô´¥·£¥É¨Î¥¸±¨Ì Ï± ² ´¥°É· ²Ó-
´ÒÌ ¨ § ·Ö¦¥´´ÒÌ · ¸¶ ¤µ¢, ¢µ¸¸É ´µ¢²¥´¨¥³ ¢¥·Ï¨´Ò · ¸¶ ¤ . ˆÉµ£µ¢Ò³
·¥§Ê²ÓÉ Éµ³ Ö¢²Ö¥É¸Ö ¢¥²¨Î¨´  [10]

Re (ε/ε′) = (18, 5 ± 4, 5 (¸É É.)± 5, 8 (¸¨¸É.)) · 10−4.


  ·¨¸. 3 ¶·¨¢¥¤¥´µ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨Ö Re (ε/ε′) ¢ · §´ÒÌ Ô±¸-
¶¥·¨³¥´É Ì.

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö § ¢¥·Ï¥´  ´ ²¨§ ¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ¢ ¸¥ ´¸ Ì 1998
¨ 1999 ££., ¨ ¤µ¸É¨£´ÊÉ  § ¶² ´¨·µ¢ ´´ Ö ¸É É¨¸É¨± , ¢ Î ¸É´µ¸É¨, ¡µ²¥¥
3 · 106 · ¸¶ ¤µ¢ KL → π0π0. uÒ² ¶·µ¢¥¤¥´ ¤¥É ²Ó´Ò°  ´ ²¨§ ¢¸¥Ì ¢µ§-
³µ¦´ÒÌ ¨¸ÉµÎ´¨±µ¢ ¸¨¸É¥³ É¨Î¥¸±µ° µÏ¨¡±¨ ´  Ê·µ¢´¥ ²ÊÎÏ¥, Î¥³ 10−5.
�¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì · ¡µÉ ¡Ê¤ÊÉ µ¶Ê¡²¨±µ¢ ´Ò ¢ ¡²¨¦ °Ï¥¥ ¢·¥³Ö.

3. �…„Šˆ… ��‘��„› �…‰’��‹œ�›• Š����‚


 ²¨Î¨¥ ¢Ò¸µ±µ¨´É¥´¸¨¢´ÒÌ KS- ¨ KL-¶ÊÎ±µ¢ ¨ ¤¥É¥±Éµ·µ¢ ¢Ò¸µ±µ£µ
· §·¥Ï¥´¨Ö µ¡¥¸¶¥Î¨²¨ Ê´¨± ²Ó´Ò¥ Ê¸²µ¢¨Ö Ô±¸¶¥·¨³¥´É , ¶µ§¢µ²¨¢Ï¨¥ §´ -
Î¨É¥²Ó´µ Ê²ÊÎÏ¨ÉÓ ÉµÎ´µ¸É¨ ¨§³¥·¥´´ÒÌ ¶ · ³¥É·µ¢ ·Ö¤  ·¥¤±¨Ì · ¸¶ ¤µ¢
KS ¨ KL.
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3.1. ˆ¸¸²¥¤µ¢ ´¨¥ · ¸¶ ¤  KL → e+e−γ ¶µ§¢µ²Ö¥É ¶µ´ÖÉÓ ¸É·Ê±ÉÊ·Ê
¢¥·Ï¨´Ò KL → γγ∗, ¢ ±µÉµ·µ° ¢¨·ÉÊ ²Ó´Ò° ËµÉµ´ µ¡· §Ê¥É ²¥¶Éµ´´ÊÕ
¶ ·Ê. „²Ö µ¶¨¸ ´¨Ö ÔÉµ° ¸É·Ê±ÉÊ·Ò ¢ · ³± Ì ¢¥±Éµ·´µ° ¤µ³¨´ ´É´µ¸É¨ ¢ · -
¡µÉ¥ [11] ¢¢¥¤¥´ ¶ · ³¥É· α(K∗), ±µÉµ·Ò° µ¶·¥¤¥²Ö¥É µÉ´µ¸¨É¥²Ó´Ò° ¢±² ¤
 ³¶²¨ÉÊ¤ KL → γK∗ → γ(ρ, ω, φ)∗ → γγ∗ ¢ ¨¸¸²¥¤Ê¥³Ò° ¶·µÍ¥¸¸. ‘µµÉ¢¥É-
¸É¢ÊÕÐ¨¥ ¨§³¥·¥´¨Ö ¡Ò²¨ ¢Ò¶µ²´¥´Ò ´  µ¸´µ¢¥ ¤ ´´ÒÌ ¸¥ ´¸  1997 £. [12].
uÒ²µ ¢Ò¤¥²¥´µ 6864 · ¸¶ ¤µ¢ KL → e+e−γ, ¸·¥¤¨ ±µÉµ·ÒÌ Ëµ´ ¸µ¸É -
¢¨² (10, 4 ± 1, 4) ¸µ¡ÒÉ¨°. �¸´µ¢´Ò³¨ ¨¸ÉµÎ´¨± ³¨ Ëµ´  Ö¢²ÖÕÉ¸Ö · ¸¶ ¤Ò
KL → π0π0

D → π0e+e−γ, KS → π0π0
D → π0e+e−γ ¨ Ke3. „²Ö µÍ¥´±¨

Ëµ·³Ë ±Éµ·  µ¶·¥¤¥²Ö²¨¸Ó Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¢ ¸¨¸É¥³¥ ¶µ±µÖ ± µ´ ,
±µÉµ·Ò¥ ¸· ¢´¨¢ ²¨¸Ó ¸µ ¸¶¥±É· ³¨, ¸³µ¤¥²¨·µ¢ ´´Ò³¨ ¢ ¶·¥¤¶µ²µ¦¥´¨¨
³ É·¨Î´µ£µ Ô²¥³¥´É  · ¸¶ ¤ , ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ³µ¤¥²¨ [13]. „²Ö ÊÎ¥É  · ¤¨-
 Í¨µ´´ÒÌ ¶µ¶· ¢µ± ¶·¨³¥´Ö²¸Ö ³¥Éµ¤, · §¢¨ÉÒ° ¢ · ¡µÉ¥ [14]. ‚ ·¥§Ê²ÓÉ É¥
¶µ²ÊÎ¥´  ¢¥²¨Î¨´ 

α(K∗) = −0, 36± 0, 06 (¸É É.)± 0, 02 (¸¨¸É.).

�·¨ · ¸Î¥É¥ ¢¥·µÖÉ´µ¸É¨ · ¸¶ ¤  KL → e+e−γ ¢ ± Î¥¸É¢¥ ´µ·³¨·µ¢µÎ´ÒÌ
· ¸¸³ É·¨¢ ²¨¸Ó ± ´ ²Ò KL → π0π0

D ¨ KL → γγ. ‚¥·µÖÉ´µ¸ÉÓ · ¸¶ ¤ 

Br (KL → e+e−γ) =

= (1, 06 ± 0, 02 (¸É É.)± 0, 02 (¸¨¸É.)± 0, 04 (´µ·³.)) · 10−5.

3.2. ˆ§³¥·¥´¨¥ ¢¥·µÖÉ´µ¸É¨ · ¸¶ ¤  KS → π0e+e− ¶µ§¢µ²Ö¥É ´¥¶µ¸·¥¤-
¸É¢¥´´µ µÍ¥´¨ÉÓ ¢±² ¤ ´¥¶·Ö³µ£µ CP -´ ·ÊÏ¥´¨Ö ¢ · ¸¶ ¤ KL → π0e+e−.
�·¥¤¸± § ´¨Ö, ¶µ²ÊÎ¥´´Ò¥ ¢ ·Ö¤¥ ±¨· ²Ó´ÒÌ ³µ¤¥²¥° ¤²Ö ¢¥·µÖÉ´µ¸É¨ ÔÉµ£µ
· ¸¶ ¤ , ¸µ¸É ¢²ÖÕÉ ¢¥²¨Î¨´Ê ¶µ·Ö¤±  10−9, ¢ Éµ ¢·¥³Ö ± ± ¸ÊÐ¥¸É¢ÊÕÐ¥¥
Ô±¸¶¥·¨³¥´É ²Ó´µ¥ µ£· ´¨Î¥´¨¥ · ¢´µ 1, 1 · 10−7. �´ ²¨§¨·µ¢ ²¨¸Ó ¤ ´´Ò¥,
¶µ²ÊÎ¥´´Ò¥ ¢ ¸¶¥Í¨ ²Ó´µ³ ¸¥ ´¸¥ ¢Ò¸µ±¨Ì ¨´É¥´¸¨¢´µ¸É¥° KS , ¶·µ¢¥¤e´-
´µ³ ¢ 1999 £. ‚ ± Î¥¸É¢¥ ´µ·³¨·µ¢µÎ´ÒÌ ¸µ¡ÒÉ¨° ¡Ò²µ ¢Ò¤¥²¥´µ 83960
· ¸¶ ¤µ¢ KS → π0π0

D → π0e+e−γ. 
  ·¨¸. 4 ¶·µ¢¥¤¥´µ ¸· ¢´¥´¨¥ ¸¶¥±-
É·  ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ ¶µ¤¸¨¸É¥³Ò ¤¢ÊÌ Ô²¥±É·µ´µ¢ (Mee), ¨§³¥·¥´´µ£µ ¤²Ö
´µ·³¨·µ¢µÎ´µ£µ ± ´ ² , ¸ · ¸¸Î¨É ´´Ò³ ¸¶¥±É·µ³ ¤²Ö KS → π0e+e−. �É-
¸ÊÉ¸É¢¨¥ ¸µ¡ÒÉ¨° ¢ µ¡² ¸É¨ ³ ¸¸ Mee > 165 MÔ‚/c2 ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ
¢¥·Ì´ÕÕ µÍ¥´±Ê ¤²Ö Ëµ´  µÉ ´µ·³¨·µ¢µÎ´µ£µ ± ´ ²  ´  Ê·µ¢´¥ 0,3 ¸µ¡ÒÉ¨Ö.
� ¸¸Î¨É ´´ Ö ³µ¤¥²Ó´µ ´¥§ ¢¨¸¨³ Ö ¢¥·Ì´ÖÖ µÍ¥´±  ¤²Ö ¢¥·µÖÉ´µ¸É¨ · ¸¶ ¤ 
¸µ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê (¶·¥¤¢ ·¨É¥²Ó´Ò° ·¥§Ê²ÓÉ É):

Br (KS → π0e+e−, Mee > 165 MÔ‚/c2) < 8, 3 · 10−8

´  Ê·µ¢´¥ ¤µ¸Éµ¢¥·´µ¸É¨ 90%. ‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³µ¤¥²¨ [15] ¤²Ö µ¶¨¸ -
´¨Ö ¸¶¥±É·  Mee ¶µ²ÊÎ¥´µ ¢¥·Ì´¥¥ µ£· ´¨Î¥´¨¥ ¤²Ö ¢¥·µÖÉ´µ¸É¨ · ¸¶ ¤  ¢µ
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�¨¸. 4. ‘¶¥±É·Ò ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ Mee, · ¸¸Î¨É ´´Ò¥ ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ ¤²Ö
¸¨£´ ²  ¨ ¶µ²ÊÎ¥´´Ò¥ ¤²Ö Ëµ´µ¢ÒÌ · ¸¶ ¤µ¢

�¨¸. 5. ‚±² ¤ · §²¨Î´ÒÌ · ¸¶ ¤µ¢ ¢ · ¸¶·¥¤¥²¥´¨¥ ¶µ Zv

¢¸¥° ±¨´¥³ É¨Î¥¸±µ° µ¡² ¸É¨ ´  Ê·µ¢´¥ 1, 6 · 10−7. ‚ ¶µ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö
¢±²ÕÎ¥´Ò ¸¨¸É¥³ É¨Î¥¸±¨¥ µÏ¨¡±¨, µ¡Ê¸²µ¢²¥´´Ò¥, ¢ µ¸´µ¢´µ³, · ¸Ìµ¦¤¥-
´¨Ö³¨ ³¥¦¤Ê ³µ¤¥²¨·µ¢ ´´Ò³¨ ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¸¶¥±É· ³¨ (·¨¸. 5),
· ¤¨ Í¨µ´´Ò³¨ ¶µ¶· ¢± ³¨ ¨ ¶µ£·¥Ï´µ¸ÉÖ³¨ ¢µ¸¸É ´µ¢²¥´¨Ö Ô´¥·£¨¨ ±² -
¸É¥·µ¢ ¢ †ŠŠ.
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3.3. ˆ§ÊÎ¥´¨¥ · ¸¶ ¤ KS → π+π−e+e− ¢ ¦´µ ¤²Ö µÍ¥´±¨ CP -¸µÌ· ´ÖÕ-
Ð¥£µ ¢±² ¤  ¢ · ¸¶ ¤ KL → π+π−e+e−. �µ¤É¢¥·¦¤¥´¨¥ CP -¸µÌ· ´¥´¨Ö ¢
ÔÉµ³ · ¸¶ ¤¥ ³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´µ ¶ÊÉe³ ¨§³¥·¥´¨Ö  c¨³³¥É·¨¨ A(πe) =
cosφ sinφ, £¤¥ φ Å Ê£µ² ³¥¦¤Ê ¤¢Ê³Ö ¶²µ¸±µ¸ÉÖ³¨ ¢ ¸¨¸É¥³¥ ¶µ±µÖ ± -
µ´ , µ¤´  ¨§ ±µÉµ·ÒÌ µ¶·¥¤¥²¥´  ¶ ·µ° ¶¨µ´µ¢,   ¤·Ê£ Ö Å ¶ ·µ° Ô²¥±-
É·µ´µ¢. „ ´´Ò¥ ¤²Ö ÔÉ¨Ì ¨§³¥·¥´¨° ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¢ 1998 £. �ËË¥±É¨¢-
´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ¡Ò²  · ¸¸Î¨É ´  ´  µ¸´µ¢ ´¨¨ ³µ¤¥²¨ [16]. ‚¸¥£µ ¡Ò²µ
·¥±µ´¸É·Ê¨·µ¢ ´µ 56 ¸µ¡ÒÉ¨° · ¸¶ ¤µ¢ KS → π+π−e+e− ¨ 105 · ¸¶ ¤µ¢
KL → π+π−π0

D → π+π−e+e−(γ), ±µÉµ·Ò¥ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¢ ± Î¥¸É¢¥ ´µ·-
³¨·µ¢µÎ´µ£µ ± ´ ² . �É ÔÉµ£µ ¦¥ ± ´ ²  µ¦¨¤ ¥É¸Ö µ¸´µ¢´µ° Ëµ´, ±µÉµ-
·Ò° ´¥ ¶·¥¢ÒÏ ¥É µ¤´µ£µ ¸µ¡ÒÉ¨Ö. „µ³¨´¨·ÊÕÐ¨¥ ¨¸ÉµÎ´¨±¨ ¸¨¸É¥³ É¨-
Î¥¸±¨Ì µÏ¨¡µ± µ¡Ê¸²µ¢²¥´Ò · ¤¨ Í¨µ´´Ò³¨ ¶µ¶· ¢± ³¨, ¶·µÍ¥¤Ê·µ° ·¥-
±µ´¸É·Ê±Í¨¨ ±² ¸É¥·µ¢ ¢ †ŠŠ ¨ ´¥§´ Î¨É¥²Ó´Ò³¨ · §²¨Î¨Ö³¨ ³¥¦¤Ê ³µ-
¤¥²¨·µ¢ ´´Ò³ ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¸¶¥±É· ³¨. ‚¥²¨Î¨´  ¢µ¸¸É ´µ¢²¥´´µ°
 ¸¨³³¥É·¨¨ A(πe) ¸µ¢³¥¸É¨³  ¸ ´Ê²¥³, ÎÉµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ¡ µÉ¸ÊÉ¸É¢¨¨
CP -´ ·ÊÏ¥´¨Ö. ‚¥·µÖÉ´µ¸ÉÓ · ¸¶ ¤  [17]:

Br (KS → π+π−e+e−) = (4, 5 ± 0, 7 (¸É É.)± 0, 4 (¸¨¸É.)) · 10−5.

3.4. ˆ§³¥·¥´¨¥ ¢¥·µÖÉ´µ¸É¨ ¤¢ÊÌËµÉµ´´µ£µ · ¸¶ ¤  Br (KS → γγ) ¢ ¦´o
¤²Ö ¶·µ¢¥·±¨ ±¨· ²Ó´µ° É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¢ ¢Ò¸Ï¨Ì ¶µ·Ö¤± Ì. �É¨ ¨§³¥-
·¥´¨Ö [18] ¡Ò²¨ ¢Ò¶µ²´¥´Ò ´  µ¸´µ¢ ´¨¨ ¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ¢ 1998 £. ¢

�¨¸. 6. ‘¶¥±É·Ò ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ ¤¢ÊÌ ËµÉµ´µ¢ ( ) ¨ Ô´¥·£¨¨ ËµÉµ´  ¢ ¸¨¸É¥³¥
¶µ±µÖ ± µ´  (¡)
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¸¥ ´¸¥ ¢Ò¸µ±¨Ì ¨´É¥´¸¨¢´µ¸É¥° KS . �µ¤¡¨· ²¨¸Ó ¸µ¡ÒÉ¨Ö, ¨³¥ÕÐ¨¥ Éµ²Ó±µ
¤¢  ±² ¸É¥·  ¢ †ŠŠ ¸ Ô´¥·£¨¥° ± ¦¤µ£µ ¢ ¨´É¥·¢ ²¥ 3÷100 ƒÔ‚. „²Ö ¢Ò¤¥-
²¥´¨Ö · ¸¶ ¤µ¢ KS → γγ  ´ ²¨§¨·µ¢ ²¨¸Ó · ¸¶·¥¤¥²¥´¨Ö ¢µ¸¸É ´µ¢²¥´´ÒÌ
¢¥·Ï¨´ ¸µ¡ÒÉ¨° ¢¤µ²Ó µ¸¨ ¶ÊÎ±  Zv (·¨¸. 6). �¸´µ¢´µ° ¢±² ¤ ¢ ÔÉµÉ ¸¶¥±É·
¢´µ¸ÖÉ ¸µ¡ÒÉ¨Ö KL → γγ ¨ · ¸¶ ¤Ò KS → 2π0. �µ¸²¥¤´¨¥ ¨¸¶µ²Ó§µ¢ ²¨¸Ó
¢ ± Î¥¸É¢¥ ´µ·³¨·µ¢µÎ´µ£µ ± ´ ² , ¸¶¥±É· ¶µ Zv ¤²Ö ±µÉµ·ÒÌ ¡Ò² ¶µ²ÊÎ¥´
³¥Éµ¤µ³ Œµ´É¥-Š ·²µ. �¡² ¸ÉÓ ¸¨£´ ²  ¡Ò²  ¢Ò¡· ´  ¢ µ£· ´¨Î¥´´µ³ (7 ³)
¨´É¥·¢ ²¥ Zv , ±µÉµ·Ò° ¶·¨³Ò± ¥É ± £· ´¨Í¥ KS-±µ²²¨³ Éµ· . —¨¸²µ · ¸¶ -
¤µ¢ KS → γγ (149± 21 ¸µ¡ÒÉ¨°) ¡Ò²µ µÍ¥´¥´µ ¢ ·¥§Ê²ÓÉ É¥  ¶¶·µ±¸¨³ Í¨¨
· ¸¶·¥¤¥²¥´¨Ö ¶µ Zv ³¥Éµ¤µ³ ³ ±¸¨³ ²Ó´µ£µ ¶· ¢¤µ¶µ¤µ¡¨Ö. ‚¥·µÖÉ´µ¸ÉÓ
· ¸¶ ¤ 

Br (KS → γγ) = (2, 58 ± 0, 36 (¸É É.)± 0, 22 (¸¨¸É.)) · 10−6.

3.5. ‚ ·¥§Ê²ÓÉ É¥  ´ ²¨§  ¤ ´´ÒÌ ¸¥ ´¸  1999 £. ¡Ò²µ ¢Ò¤¥²¥´µ 132 · ¸-
¶ ¤  KL → e+e−e+e−, ¢ ± Î¥¸É¢¥ ´µ·³¨·µ¢µÎ´ÒÌ ± ´ ²µ¢ ¨¸¶µ²Ó§µ¢ ²¨¸Ó
· ¸¶ ¤Ò KL → π+π−π0

D → π+π−e+e−γ ¨ KL → π0π0
Dπ

0
D → e+e−e+e−γγγ.

‚¥·µÖÉ´µ¸ÉÓ · ¸¶ ¤ 

Br (KL → e+e−e+e−) =

= (3, 67 ± 0, 32 (¸É É.)± 0, 23 (¸¨¸É.)± 0, 08 (´µ·³.)) · 10−8.

3.6. ˆ§³¥·¥´¨¥ ¢¥·µÖÉ´µ¸É¨ · ¸¶ ¤  KL → π02γ ¶µ§¢µ²Ö¥É ¶·µ¢¥·¨ÉÓ
· ¸Î¥ÉÒ ±¨· ²Ó´µ° É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¢ p6 ¶µ·Ö¤±¥, ¶·¨´¨³ Ö ¢µ ¢´¨³ ´¨¥
³¥Ì ´¨§³ µ¡³¥´  ¢¥±Éµ·´Ò³¨ ³¥§µ´ ³¨,   É ±¦¥ µÍ¥´¨ÉÓ CP -¸µÌ· ´ÖÕÐ¨¥
¶·µ³¥¦ÊÉµÎ´Ò¥ ¸µ¸ÉµÖ´¨Ö ¢ · ¸¶ ¤ Ì KL → π0e+e−. „¨ £· ³³Ò p4 ¶µ·Ö¤± 
´¥ ³µ£ÊÉ µ¶¨¸ ÉÓ ´¨ Ì¢µ¸É ¢ ¸¶¥±É·¥ ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ ¤¢ÊÌ ËµÉµ´µ¢ ¢ µ¡² -
¸É¨ ³ ²ÒÌ §´ Î¥´¨° ³ ¸¸ (Mγγ < 240 ŒÔ‚/¸2), ´¨ ¸¶¥±É· Ô´¥·£¨¨ ËµÉµ´ 
(y = |E∗

1−E∗
2 |/MK) ¢ ¸¨¸É¥³¥ ¶µ±µÖ ± µ´ . ˆ¸¶µ²Ó§µ¢ ²¨¸Ó ¤ ´´Ò¥, ¶µ²ÊÎ¥´-

´Ò¥ ¢ 1999 £., ¨ Î ¸ÉÓ ¤ ´´ÒÌ ¸¥ ´¸  1998 £. uÒ²µ ¢Ò¤¥²¥´µ 1397 · ¸¶ ¤µ¢
KL → π02γ, 30 ¨§ ±µÉµ·ÒÌ µÍ¥´¥´Ò ± ± Ëµ´µ¢Ò¥. „²Ö · ¸Î¥É  ³¥Éµ¤µ³
Œµ´É¥-Š ·²µ ¨¸¶µ²Ó§µ¢ ² ¸Ó ÔËË¥±É¨¢´ Ö ±µ´¸É ´É  ¢¥±Éµ·´µ£µ ¢§ ¨³µ¤¥°-
¸É¢¨Ö αv = −0,45. �Éµ ¶·¨¢¥²µ ± Ìµ·µÏ¥³Ê ¸µ£² ¸¨Õ ³¥¦¤Ê ³µ¤¥²¨·Ê¥³Ò³¨
¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¸¶¥±É· ³¨ Mγγ ¨ y ¢ µ¡² ¸É¨ Mγγ < 240 ŒÔ‚/¸2

(·¨¸. 6). ‚¥·µÖÉ´µ¸ÉÓ · ¸¶ ¤  (¶·¥¤¢ ·¨É¥²Ó´Ò° ·¥§Ê²ÓÉ É)

Br (KL → π02γ) = (1, 51 ± 0, 05 (¸É É.)± 0, 20 (¸¨¸É.)) · 10−6.

3.7. ˆ§ÊÎ¥´¨¥ · ¸¶ ¤  KL → e+e−γγ ¢ ¦´µ ¤²Ö µÍ¥´±¨ Ëµ´  ¶·¨ ¶µ¨¸±¥
CP -´ ·ÊÏ ÕÐ¨Ì · ¸¶ ¤µ¢ KL → π0e+e−. ‚ ¸¥ ´¸ Ì 1997 ¨ 1998 ££. ¡Ò²µ
¢Ò¤¥²¥´µ 492 ¸µ¡ÒÉ¨Ö KL → e+e−γγ,   É ±¦¥ 29879 · ¸¶ ¤µ¢ KL → e+e−γ,
±µÉµ·Ò¥ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¢ ± Î¥¸É¢¥ ´µ·³¨·µ¢µÎ´µ£µ ± ´ ² . �Í¥´±¨ Ëµ´ 
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¶µ± § ²¨, ÎÉµ µ´, ¢ µ¸´µ¢´µ³, µ¡Ê¸²µ¢²¥´ · ¸¶ ¤ ³¨ KS → π0π0e+e−(γ)
(3,8 ¸µ¡ÒÉ¨Ö), KL → e+e−γ + (γÉµ·³µ§) (9,9 ¸µ¡ÒÉ¨°),   É ±¦¥ KL → ¢¸¥
¤·Ê£¨¥ Î ¸É¨ÍÒ (11,4 ¸µ¡ÒÉ¨°). ‘ ÊÎ¥Éµ³ ¸¨¸É¥³ É¨Î¥¸±¨Ì µÏ¨¡µ±, µ¡Ê¸²µ-
¢²¥´´ÒÌ ´¥µ¶·¥¤¥²¥´´µ¸ÉÓÕ ±µ´¸É ´ÉÒ ¸¢Ö§¨ α(K∗), ¢´¥Ï´¨³ Éµ·³µ§´Ò³
¨§²ÊÎ¥´¨¥³ ¨ ¢ ·¨ Í¨¥° ¶·¨³¥´Ö¥³ÒÌ µ£· ´¨Î¥´¨°, ¡Ò²  ¶µ²ÊÎ¥´  ¸²¥¤ÊÕ-
Ð Ö ¢¥·µÖÉ´µ¸ÉÓ · ¸¶ ¤  ¶·¨ E∗

γ > 5 ŒÔ‚:

Br (KL → e+e−γγ) =

= (6, 32 ± 0, 31 (¸É É.)± 0, 20 (¸¨¸É.)± 0, 29 (´µ·³.)) · 10−7.

4. ��…–ˆ‡ˆ����… ˆ‡Œ…�…�ˆ… ����Œ…’��‚
��‘��„�‚ ‡��Ÿ†…��›• Š����‚

‚ 1999 £. ¡Ò² ¶µ¤£µÉµ¢²¥´,   ¢ 2000 £. ÊÉ¢¥·¦¤¥´ ¶·µ¥±É Ô±¸¶¥·¨³¥´É 
´  SPS (CERN), µ¸´µ¢´µ° Í¥²ÓÕ ±µÉµ·µ£µ Ö¢²Ö¥É¸Ö ¶µ¨¸± ¶·Ö³µ£µ CP -
´ ·ÊÏ¥´¨Ö ¢ · ¸¶ ¤ Ì § ·Ö¦¥´´ÒÌ ± µ´µ¢ [19]. Š·µ³¥ Éµ£µ, ¢ Ô±¸¶¥·¨³¥´É¥
¶² ´¨·Ê¥É¸Ö ¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ ¨§³¥·¨ÉÓ ¶ · ³¥É·Ò Ke4-· ¸¶ ¤ , ¶µ§¢µ-
²ÖÕÐ¨¥ µÍ¥´¨ÉÓ ´ ²¨Î¨¥ ±¢ ·±- ´É¨±¢ ·±µ¢µ£µ ±µ´¤¥´¸ É  ¢ Š•„-¢ ±ÊÊ³¥,
  É ±¦¥ ¨¸¸²¥¤µ¢ ÉÓ ·Ö¤ ·¥¤±¨Ì · ¸¶ ¤µ¢ § ·Ö¦¥´´ÒÌ ± µ´µ¢.

�·Ö³µ¥ CP -´ ·ÊÏ¥´¨¥ ³µ¦¥É ¶·µÖ¢¨ÉÓ¸Ö ¢ · ¸¶ ¤ Ì § ·Ö¦¥´´ÒÌ ± µ´µ¢
¢ ¢¨¤¥ · §²¨Î¨Ö ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ É·¥Ì¶¨µ´´ÒÌ · ¸¶ ¤µ¢ K+ ¨ K−,
±µÉµ·µ¥ ¶·¨¢µ¤¨É ± ´¥´Ê²¥¢µ° § ·Ö¤µ¢µ°  ¸¨³³¥É·¨¨

A = (g+ − g−)/(g+ + g−).

‡¤¥¸Ó g+ ¨ g− Å ¶ · ³¥É·Ò ²¨´¥°´µ£µ ´ ±²µ´  ¤ ²¨ÉÍ-¶²µÉµ¢ · ¸¶ ¤µ¢ K+

¨ K− ¸µµÉ¢¥É¸É¢¥´´µ:

|M(K± → 3π)|2 = |M±(u, v)| ∝ 1 + g±u+ h±u2 + k±v2,

£¤¥ u = (s1−s0)/m2
π; v = (s1−s2)/m2

π; s0 = (s1+s2+s3)/3; si = (PK−Pi)2;
PK ¨ Pi Å 4-¨³¶Ê²Ó¸Ò ± µ´  ¨ i-£µ ¶¨µ´  ¸µµÉ¢¥É¸É¢¥´´µ.

�·¥¤¸± § ´¨Ö É¥µ·¥É¨Î¥¸±¨Ì ³µ¤¥²¥° ¤²Ö ¶ · ³¥É·  A · §²¨Î ÕÉ¸Ö ´ 
´¥¸±µ²Ó±µ ¶µ·Ö¤±µ¢. ’ ±, · ¸Î¥ÉÒ, ¢Ò¶µ²´¥´´Ò¥ ¢ · ³± Ì ‘Œ, ¶·¥¤¸± §Ò-
¢ ÕÉ ± ± ¤µ¢µ²Ó´µ ³ ²Ò¥ ¢¥²¨Î¨´Ò 4 · 10−5 [20] ¨ (2, 3± 0, 6) · 10−6 [21], É ±
¨ §´ Î¨É¥²Ó´µ ¡xµ²ÓÏ¨¥: 4 · 10−4 [22] ¨ (2Ä4)·10−4 [23]. ‚ · ³± Ì ¸Ê¶¥·¸¨³-
³¥É·¨Î´µ° ³µ¤¥²¨ [24] É ±¦¥ µ¦¨¤ ¥É¸Ö ¡µ²ÓÏ Ö ¢¥²¨Î¨´  CP -´ ·ÊÏ ÕÐ¥°
 ¸¨³³¥É·¨¨ ¶µ·Ö¤±  10−4. …¤¨´¸É¢¥´´µ¥ ¸ÊÐ¥¸É¢ÊÕÐ¥¥ ¨§³¥·¥´¨¥  ¸¨³³¥É-
·¨¨ A, µ¸´µ¢ ´´µ¥ ´   ´ ²¨§¥ 1, 6 · 106 · ¸¶ ¤µ¢, ¤ ¥É ¸µ¢³¥¸É¨³Ò° ¸ ´Ê²¥³
·¥§Ê²ÓÉ É (−7 ± 5) · 10−3 [25].
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�¨¸. 7. ‘Ì¥³  ¶ÊÎ±µ¢ § ·Ö¦¥´´ÒÌ ± µ´µ¢

‚ ¶·µ¥±É¥ NA48 ¶·¥¤²µ¦¥´ ¶µ¤Ìµ¤, ¶µ§¢µ²ÖÕÐ¨° ³¨´¨³¨§¨·µ¢ ÉÓ ¸¨¸É¥-
³ É¨Î¥¸±¨¥ µÏ¨¡±¨ ¨§³¥·¥´¨°. ˆ§³¥·Ö¥³µ° ¢¥²¨Î¨´µ° Ö¢²Ö¥É¸Ö µÉ´µÏ¥´¨¥

R(u) =
∫

dv|M+(u, v)|2
/∫

dv|M−(u, v)|2 ,

±µÉµ·µ¥ ¢ µ¡Ð¥³ ¸²ÊÎ ¥ Ö¢²Ö¥É¸Ö ËÊ´±Í¨¥° µÉ u. 
 ²¨Î¨¥ É ±µ° § ¢¨¸¨³µ¸É¨
(µÉ u) ¡Ê¤¥É ¸¢¨¤¥É¥²Ó¸É¢µ¢ ÉÓ µ CP -´ ·ÊÏ¥´¨¨. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
¡Ê¤ÊÉ ´ ¡¨· ÉÓ¸Ö ¶·¨ ¸²¥¤ÊÕÐ¨Ì Ê¸²µ¢¨ÖÌ:

Å ¶ÊÎ±¨ K+ ¨ K−, µ¡· §µ¢ ´´Ò¥ ´  µ¡Ð¥° ³¨Ï¥´¨, ¶·¨¸ÊÉ¸É¢ÊÕÉ µ¤-
´µ¢·¥³¥´´µ ¢ µ¤´µ³ ¨ Éµ³ ¦¥ Ë §µ¢µ³ µ¡Ñ¥³¥;

Å ¶µ²Ö·´µ¸ÉÓ ¶µ²Ö ¢ ¸¶¥±É·µ³¥É·¨Î¥¸±µ³ ³ £´¨É¥ ¶¥·¨µ¤¨Î¥¸±¨ ³¥´Ö-
¥É¸Ö ¸ Í¥²ÓÕ µ¡¥¸¶¥Î¥´¨Ö · ¢´ÒÌ ÔËË¥±É¨¢´µ¸É¥° ·¥£¨¸É· Í¨¨ · ¸¶ ¤µ¢ K+

¨ K−;
Å ¨§³¥·¥´¨Ö ¢¥²¨Î¨´Ò R(u) ¶·µ¨§¢µ¤¨É¸Ö ´¥§ ¢¨¸¨³µ ¢ ± ¦¤µ³ ¨§ ¤µ-

¸É ÉµÎ´µ Ê§±¨Ì ¨´É¥·¢ ²µ¢ ¶µ ¨³¶Ê²Ó¸Ê ± µ´  ¨ Ê¸·¥¤´Ö¥É¸Ö ¶µ µ·¨¥´É Í¨Ö³
³ £´¨É´µ£µ ¶µ²Ö.
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�¤´¨³ ¨§ ±²ÕÎ¥¢ÒÌ Ô²¥³¥´Éµ¢ Ô±¸¶¥·¨³¥´É  Ö¢²Ö¥É¸Ö ¸¨¸É¥³  ¶ÊÎ±µ¢
K+ ¨ K− (·¨¸. 7). �ÊÎ±¨ µ¡· §ÊÕÉ¸Ö ´  ¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ ¶·µÉµ´ ³¨
¸ Ô´¥·£¨¥° 400 ƒÔ‚, ¢Ò¢¥¤¥´´Ò³¨ ¨§ SPS. �·¨ ÔÉµ³ ¶ÊÎ±¨ K+ ¨ K− ³µ£ÊÉ
¢Ò¢µ¤¨ÉÓ¸Ö ± ± ¶µ¤ ¸¨³³¥É·¨Î´Ò³¨, É ± ¨ ¶µ¤ · §´Ò³¨ Ê£² ³¨ (¢ ¨´É¥·¢ ²¥
0 ÷ 2,5 ³· ¤) ¤²Ö µ¡¥¸¶¥Î¥´¨Ö ¸Ìµ¦¨Ì ¨³¶Ê²Ó¸´ÒÌ ¸¶¥±É·µ¢. �¤¨´ ±µ¢Ò¥
Í¥´É· ²Ó´Ò¥ §´ Î¥´¨Ö ¨³¶Ê²Ó¸µ¢ ¨ ¨Ì ¨´É¥·¢ ²µ¢ µ¡¥¸¶¥Î¨¢ ÕÉ¸Ö  Ì·µ³ -
É¨Î¥¸±µ° ¸¨¸É¥³µ°, ¸µ¸ÉµÖÐ¥° ¨§ Î¥ÉÒ·¥Ì µ¤´µÉ¨¶´ÒÌ ¤¨¶µ²Ó´ÒÌ ³ £´¨Éµ¢,
· ¸¶µ²µ¦¥´´ÒÌ ¶µ¸²¥¤µ¢ É¥²Ó´µ ¸ µ¤¨´ ±µ¢Ò³¨ §´ Î¥´¨Ö³¨ ¶µ²Ö, ´µ Î¥·¥¤Ê-
ÕÐ¨³¨¸Ö §´ ± ³¨, ¨ ¸¨¸É¥³µ° ±µ²²¨³ Éµ·µ¢/§ £²ÊÏ¥± (TAX) ¸ ¶¥·¥³¥´´Ò³¨,
´µ ¸¨³³¥É·¨Î´Ò³¨  ¶¥·ÉÊ· ³¨. „¨¶µ²Ó´Ò¥ ³ £´¨ÉÒ µÉ±²µ´ÖÕÉ ¢¥·É¨± ²Ó´µ
¶ÊÎ±¨ ¶µ²µ¦¨É¥²Ó´µ ¨ µÉ·¨Í É¥²Ó´µ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸¨³³¥É·¨Î´µ ¢ ¶·µ-
É¨¢µ¶µ²µ¦´ÒÌ ´ ¶· ¢²¥´¨ÖÌ. ‡ §µ· ¢ ±µ²²¨³ Éµ· Ì µ¶·¥¤¥²Ö¥É Í¥´É· ²Ó´µ¥
§´ Î¥´¨¥ ¨ ¨´É¥·¢ ²Ò ¨³¶Ê²Ó¸µ¢ ¶·µÌµ¤ÖÐ¨Ì Î ¸É¨Í. ‘¨¸É¥³  ¨§ ¤¢ÊÌ ¶µ-
¸²¥¤µ¢ É¥²Ó´µ · ¸¶µ²µ¦¥´´ÒÌ  Ì·µ³ É¨Î¥¸±¨Ì ¸¨¸É¥³ ¶µ§¢µ²Ö¥É §´ Î¨É¥²Ó´µ
Ê²ÊÎÏ¨ÉÓ Ëµ´µ¢Ò¥ Ê¸²µ¢¨Ö. �·¥¤¶µ² £ ¥É¸Ö É ±¦¥ Ê¸É ´µ¢¨ÉÓ ¶ÊÎ±µ¢Ò°
¸¶¥±É·µ³¥É·, ¶·¥¤¸É ¢²ÖÕÐ¨° ¸µ¡µ° Î¥ÉÒ·¥ ¤¥É¥±Éµ·  É¨¶  ®³¨±·µ-³¥£ ¯
¸ ¢·¥³¥´´µ-¶·µ¥±Í¨µ´´µ° ¸¨¸É¥³µ° ·¥£¨¸É· Í¨¨, · ¸¶µ²µ¦¥´´Ò¥ ¢ µ¡² ¸É¨
µÉ±²µ´¥´´ÒÌ ¶ÊÎ±µ¢ ¢Éµ·µ°  Ì·µ³ É¨Î¥¸±µ° ¸¨¸É¥³Ò, ¨ ¤¢  ¤¥É¥±Éµ· , · ¸-
¶µ²µ¦¥´´Ò¥ §   Ì·µ³ É¨Î¥¸±µ° ¸¨¸É¥³µ° ´  ¡ §¥ ∼ 40 ³. �² ´¨·Ê¥³Ò¥ ÉµÎ-
´µ¸É¨ ¨§³¥·¥´¨Ö ±µµ·¤¨´ É ´  Ê·µ¢´¥ 300 ³±³ µ¡¥¸¶¥Î É ¨§³¥·¥´¨Ö ¨³¶Ê²Ó¸ 
¨ ´ ¶· ¢²¥´¨Ö ¶ÊÎ±  ¸ ÉµÎ´µ¸ÉÖ³¨, ¸µµÉ¢¥É¸É¢¥´´µ, ´¥ ÌÊ¦¥ 1% ¨ 0,01 ³· ¤.

�¶É¨³ ²Ó´Ò³ Ö¢²Ö¥É¸Ö ¸·¥¤´¨° ¨³¶Ê²Ó¸ ± µ´´ÒÌ ¶ÊÎ±µ¢ ∼ 60 ƒÔ‚/¸ ¨
¨³¶Ê²Ó¸´Ò° ¨´É¥·¢ ² ¢ ¶·¥¤¥² Ì ±10 %. �·¥¤¶µ² £ ¥É¸Ö ¨¸¶µ²Ó§µ¢ ÉÓ ¢Ò¢¥-
¤¥´´Ò¥ ¶ÊÎ±¨ ¶·µÉµ´µ¢ ¸ ¨´É¥´¸¨¢´µ¸ÉÓÕ µ±µ²µ 1012 §  ¸¡·µ¸ ¶·¨ ¤²¨É¥²Ó-
´µ¸É¨ ¸¡·µ¸  5 ¸ ¨ Í¨±²¥ 19,2 ¸. �Éµ ¶µ§¢µ²¨É µ¡¥¸¶¥Î¨ÉÓ ¨´É¥´¸¨¢´µ¸É¨
¶µ²µ¦¨É¥²Ó´ÒÌ ± µ´µ¢ ´  Ê·µ¢´¥ 1,9 · 106,   µÉ·¨Í É¥²Ó´ÒÌ Å ´  Ê·µ¢´¥
1,1 · 106 §  ¸¡·µ¸ ¶·¨ µ¡Ð¥° ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±µ¢ 5,6 · 107. �·¨ É ±¨Ì Ê¸²µ-
¢¨ÖÌ ¢ É¥Î¥´¨¥ £µ¤µ¢µ£µ ¸¥ ´¸  (120 ¤´¥°) ¶·¨ É¨¶¨Î´µ° ¥£µ ÔËË¥±É¨¢´µ¸É¨
(50%) ¢ · ¸¶ ¤´µ° É·Ê¡¥ ¤²¨´µ° 50 ³ · ¸¶ ¤ÊÉ¸Ö, ¸µµÉ¢¥É¸É¢¥´´µ, 5,5 · 1010

¨ 3,1 · 1010 ¶µ²µ¦¨É¥²Ó´ÒÌ ¨ µÉ·¨Í É¥²Ó´ÒÌ ± µ´µ¢.
�¸´µ¢´Ò³¨ Ô²¥³¥´É ³¨ Ê¸É ´µ¢±¨ Ö¢²ÖÕÉ¸Ö ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¤¥É¥±Éµ·Ò

NA48 ¨ ¤µ¶µ²´¨É¥²Ó´Ò° ¤¥É¥±Éµ· ¶¥·¥Ìµ¤´µ£µ ¨§²ÊÎ¥´¨Ö. �ÉµÉ ¤¥É¥±Éµ·,
· ¸¶µ²µ¦¥´´Ò° ³¥¦¤Ê £µ¤µ¸±µ¶µ³ ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢ ¨ †ŠŠ,
µ¡¥¸¶¥Î¨É ± ± ³¨´¨³Ê³ ´  ¤¢  ¶µ·Ö¤±  ¶µ¤ ¢²¥´¨¥ ¶¨µ´µ¢ ¸·¥¤¨ ¢Ò¤¥²¥´-
´ÒÌ ± ´¤¨¤ Éµ¢ ¢ Ô²¥±É·µ´Ò. ’ ±µ¥ Ê¸²µ¢¨¥ ¢ÒÉ¥± ¥É ¨§ ´¥µ¡Ìµ¤¨³µ¸É¨
Ê³¥´ÓÏ¨ÉÓ Ëµ´ ¤µ 1% ¸·¥¤¨ ¨¸¸²¥¤Ê¥³ÒÌ · ¸¶ ¤µ¢ Ke4. �µ²¥ ¸¶¥±É·µ³¥-
É·¨Î¥¸±µ£µ ³ £´¨É  ¸µµÉ¢¥É¸É¢Ê¥É µÉ±²µ´ÖÕÐ¥³Ê ¨³¶Ê²Ó¸Ê 120 ŒÔ‚/¸. �Éµ
µ¡¥¸¶¥Î¨É, ¸ µ¤´µ° ¸Éµ·µ´Ò, ³ ±¸¨³ ²Ó´ÊÕ · §·¥Ï ÕÐÊÕ ¸¶µ¸µ¡´µ¸ÉÓ ¸¶¥±-
É·µ³¥É· ,   ¸ ¤·Ê£µ° Å ¶µ§¢µ²¨É Î ¸É¨Í ³ ¶ÊÎ±  µ¸É ÉÓ¸Ö ¢´ÊÉ·¨ Í¥´É· ²Ó´µ°
É·Ê¡Ò ¸ ¢ ±ÊÊ³µ³ ¶µ¸²¥ ³ £´¨É .
�¦¨¤ ¥³Ò¥ ·¥§Ê²ÓÉ ÉÒ. „²Ö ¨§³¥·¥´¨Ö  ¸¨³³¥É·¨¨ A ¶² ´¨·Ê¥É¸Ö § -

·¥£¨¸É·¨·µ¢ ÉÓ §  µ¤¨´ £µ¤ Ô±¸¶¥·¨³¥´É  2 · 109 · ¸¶ ¤µ¢ K± → π±π+π− ¨
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1,2 · 108 · ¸¶ ¤µ¢ K± → π±π0π0. �·¨ ¸¨¸É¥³ É¨Î¥¸±µ° µÏ¨¡±¥ ¨§³¥·¥´¨°,
¶µ µÍ¥´± ³ ´¥ ¶·¥¢ÒÏ ÕÐ¥° 7 · 10−5, ¶·¥¤¶µ² £ ¥É¸Ö ¨§³¥·¨ÉÓ ¢¥²¨Î¨´Ò
 ¸¨³³¥É·¨° ¸ ÉµÎ´µ¸ÉÖ³¨ ´¥ ÌÊ¦¥ 2 · 10−4 ¤²Ö ³µ¤Ò ¸µ ¢¸¥³¨ § ·Ö¦¥´´Ò³¨
¶¨µ´ ³¨ ¨ 3 · 10−4 Å ¤²Ö ³µ¤Ò ¸ ´¥°É· ²Ó´Ò³¨ ¶¨µ´ ³¨. ‡  µ¤¨´ £µ¤ Ô±¸¶µ-
§¨Í¨¨ µ¦¨¤ ¥É¸Ö ·¥£¨¸É· Í¨Ö ¡µ²¥¥ 106 · ¸¶ ¤µ¢ Ke4, ÎÉµ ¶µ§¢µ²¨É ¨§³¥·¨ÉÓ
¤²¨´Ê · ¸¸¥Ö´¨Ö ¶¨µ´µ¢ a0

0 ¸ ÉµÎ´µ¸ÉÓÕ, ¶·¥¢ÒÏ ÕÐ¥° 0,01. �·¥¤¶µ² £ -
¥É¸Ö É ±¦¥ § ·¥£¨¸É·¨·µ¢ ÉÓ 105 ¨ 104 · ¤¨ Í¨µ´´ÒÌ · ¸¶ ¤µ¢ K± → π±π0γ
¨ K± → π±γγ ¸µµÉ¢¥É¸É¢¥´´µ. „²Ö · ¸¶ ¤  K± → π±γγγ ³µ¦¥É ¡ÒÉÓ
Ê¸É ´µ¢²¥´ ¢¥·Ì´¨° ¶·¥¤¥² ¢¥·µÖÉ´µ¸É¨ · ¸¶ ¤  ´  Ê·µ¢´¥ 10−6. �Éµ ¶µ§¢µ-
²¨É ¨§³¥·¨ÉÓ ¨ ÊÉµÎ´¨ÉÓ ·Ö¤ ¶ · ³¥É·µ¢ ±¨· ²Ó´µ° ¶¥·ÉÊ·¡ É¨¢´µ° ³µ¤¥²¨.

�±¸¶¥·¨³¥´É ¸ § ·Ö¦¥´´Ò³¨ ± µ´ ³¨ § ¶² ´¨·µ¢ ´ ´  2003 £. ‚ ´ ¸ÉµÖ-
Ð¥¥ ¢·¥³Ö ´ Î ² ¸Ó ¥£µ ¶µ¤£µÉµ¢± .
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