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Šμ··¥²ÖÍ¨μ´´ Ö Ë¥³Éμ¸±μ¶¨Ö ´¥°É· ²Ó´ÒÌ ± μ´μ¢ ¢ Ô±¸¶¥·¨³¥´É¥
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�·μ¢¥¤¥´μ ¨¸¸²¥¤μ¢ ´¨¥ ¨´É¥·Ë¥·¥´Í¨μ´´ÒÌ ±μ··¥²ÖÍ¨° ¶ · ´¥°É· ²Ó´ÒÌ
± μ´μ¢, ·μ¦¤¥´´ÒÌ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° 20Ä70 ƒÔ‚ ¸ Ê£²¥-
·μ¤´μ° ³¨Ï¥´ÓÕ. � ¡²Õ¤ ÕÉ¸Ö ±μ´¸É·Ê±É¨¢´Ò¥ ±μ··¥²ÖÍ¨¨ ¢ μ¡² ¸É¨ ³ ²ÒÌ
μÉ´μ¸¨É¥²Ó´ÒÌ 4-¨³¶Ê²Ó¸μ¢ ¤²Ö ¶ · K0

SK0
S. �¶·¥¤¥²¥´ · §³¥· μ¡² ¸É¨ £¥´¥· -

Í¨¨ ± μ´μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ Î ¸É¨Í �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2006

Aleev A.N. et al. P1-2006-88
Correlation Femtoscopy of Neutral Kaons in the EXCHARM Experiment

The interference correlations of K0
S-meson pairs produced on the carbon target

by 20Ä70 GeV neutrons have been investigated with the EXCHARM spectrometer.
Constructive correlations at low relative 4-momenta are observed for K0

SK0
S pairs.

The generation radius has been determined.

The investigation has been performed at the Laboratory of Particle Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2006
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„¢ÊÌÎ ¸É¨Î´Ò¥ ±μ··¥²ÖÍ¨¨ Éμ¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í Ö¢²ÖÕÉ¸Ö ÔËË¥±É¨¢-
´Ò³ ¨´¸É·Ê³¥´Éμ³, ¶μ§¢μ²ÖÕÐ¨³ ¸μ¢³¥¸É´μ ¸ ¨¸¸²¥¤μ¢ ´¨¥³ μ¤´μÎ ¸É¨Î´ÒÌ
¸¶¥±É·μ¢ ¨§¢²¥± ÉÓ £¥μ³¥É·¨Î¥¸±¨¥ ¨ ¤¨´ ³¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ μ¡² -
¸É¨ ·μ¦¤¥´¨Ö Î ¸É¨Í, μ¸ÊÐ¥¸É¢²ÖÖ ¶·μ¢¥·±Ê · §²¨Î´ÒÌ ³μ¤¥²¥° ¨ ¸Í¥´ ·¨¥¢
Ëμ·³¨·μ¢ ´¨Ö ±μ´¥Î´ÒÌ ¸μ¸ÉμÖ´¨°.

Šμ··¥²ÖÍ¨¨ 	μ§¥Ä�°´ÏÉ¥°´  ¤²Ö Éμ¦¤¥¸É¢¥´´ÒÌ ¡μ§μ´μ¢ ¨ ±μ··¥²ÖÍ¨¨
”¥·³¨Ä„¨· ±  Éμ¦¤¥¸É¢¥´´ÒÌ Ë¥·³¨μ´μ¢ Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨¥³ ¸¨³³¥É·¨Î-
´μ¸É¨ ¨²¨  ´É¨¸¨³³¥É·¨Î´μ¸É¨ ¢μ²´μ¢μ° ËÊ´±Í¨¨ ¨ ¶·¨¢μ¤ÖÉ ± Ê¢¥²¨Î¥´¨Õ
¨²¨ Ê³¥´ÓÏ¥´¨Õ Î¨¸²  ¶ ·, · ¸¶μ²μ¦¥´´ÒÌ ¡²¨§±μ ¤·Ê£ ± ¤·Ê£Ê ¢ Ë §μ¢μ³
¶·μ¸É· ´¸É¢¥.

‚¶¥·¢Ò¥ ³¥Éμ¤, ¶μ§¢μ²ÖÕÐ¨° Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥¤¥²¨ÉÓ ¶·μ¸É· ´-
¸É¢¥´´μ-¢·¥³¥´´Ò¥ Ì · ±É¥·¨¸É¨±¨ μ¡² ¸É¨ ·μ¦¤¥´¨Ö Î ¸É¨Í, ¡Ò² ¶·¥¤-
²μ¦¥´ ƒ. ˆ.Šμ¶Ò²μ¢Ò³ ¨ Œ.ˆ.�μ¤£μ·¥Í±¨³ [1, 2].

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¸ÊÐ¥¸É¢Ê¥É ³´μ¦¥¸É¢μ Ô±¸¶¥·¨³¥´Éμ¢, ¶μ¤É¢¥·¦¤ Õ-
Ð¨Ì Ö¢²¥´¨¥ ¨´É¥·Ë¥·¥´Í¨¨ ¶· ±É¨Î¥¸±¨ ¤²Ö ¢¸¥Ì É¨¶μ¢ Î ¸É¨Í [3Ä5]. �¤-
´ ±μ ¢¸¥£μ ´¥¸±μ²Ó±μ · ¡μÉ ¶μ¸¢ÖÐ¥´μ ¨§ÊÎ¥´¨Õ ¨´É¥·Ë¥·¥´Í¨μ´´ÒÌ ±μ·-
·¥²ÖÍ¨° ¶ · § ·Ö¦¥´´ÒÌ [6Ä9] ¨ ¶ · ´¥°É· ²Ó´ÒÌ ± μ´μ¢ [10Ä14]. ‚ ¸²ÊÎ ¥
¶ · ´¥°É· ²Ó´ÒÌ ± μ´μ¢ ¨´É¥·Ë¥·¥´Í¨μ´´Ò¥ ±μ··¥²ÖÍ¨¨ ¨§ÊÎ ÕÉ¸Ö Éμ²Ó±μ
¤²Ö ¸¨¸É¥³ K0

SK0
S .

‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¸²¥¤μ¢ ²¨¸Ó ±μ··¥²ÖÍ¨¨ ¢ μ¡² ¸É¨ μ±μ²μ¶μ·μ£μ¢ÒÌ
§´ Î¥´¨° ÔËË¥±É¨¢´μ° ³ ¸¸Ò ¸¨¸É¥³Ò ´¥°É· ²Ó´ÒÌ ± μ´μ¢, ·μ¦¤¥´´ÒÌ ¢μ
¢§ ¨³μ¤¥°¸É¢¨ÖÌ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° μÉ 20 ¤μ 70 ƒÔ‚ ¸ Ê£²¥·μ¤´μ° ³¨-
Ï¥´ÓÕ ¢ Ô±¸¶¥·¨³¥´É¥ �Š‘—��Œ (Ì · ±É¥·¨¸É¨±¨ Ô±¸¶¥·¨³¥´É  ¨ ¸¶¥±-
É·μ³¥É·  ¤ ´Ò ¢ · ¡μÉ¥ [15]). „²Ö μ¶¨¸ ´¨Ö Ê¸É ´μ¢±¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¶· ¢ Ö
¸¨¸É¥³  ±μμ·¤¨´ É ¸ μ¸ÓÕ OZ, ´ ¶· ¢²¥´´μ° ¢¤μ²Ó μ¸¨ ¶ÊÎ± , μ¸ÓÕ OY ,
´ ¶· ¢²¥´´μ° ¢¥·É¨± ²Ó´μ, ¨ ´ Î ²μ³ ±μμ·¤¨´ É, ¸μ¢¶ ¤ ÕÐ¨³ ¸ Í¥´É·μ³
 ´ ²¨§¨·ÊÕÐ¥£μ ³ £´¨É . „²Ö  ´ ²¨§  ¨¸¶μ²Ó§μ¢ ² ¸Ó ¸É É¨¸É¨±  10-£μ ¸¥-
 ´¸ , ±μÉμ· Ö ¸μ¸É ¢²Ö¥É ¶μ·Ö¤±  180 ³²´ É·¨££¥·´ÒÌ ¸μ¡ÒÉ¨° ¢§ ¨³μ¤¥°-
¸É¢¨Ö ´¥°É·μ´μ¢ ¸μ ¸·¥¤´¥° Ô´¥·£¨¥° 51 ƒÔ‚ ¸ Ê£²¥·μ¤´μ° ³¨Ï¥´ÓÕ. „²Ö
μ¡· ¡μÉ±¨ ¨¸Ìμ¤´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ³μ¤¥²¨·μ¢ ´´ÒÌ ¤ ´´ÒÌ ¨¸¶μ²Ó-
§μ¢ ²¸Ö ¶·μ£· ³³´Ò° ±μ³¶²¥±¸ BISON [16Ä18], ¢ · ³± Ì ±μÉμ·μ£μ ¶·μ¨§¢μ-
¤¨²¨¸Ó £¥μ³¥É·¨Î¥¸± Ö ¨ ³ £´¨É´ Ö ± ²¨¡·μ¢± , · ¸¶μ§´ ¢ ´¨¥ É· ¥±Éμ·¨°
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í, μ¶·¥¤¥²Ö²¨¸Ó ¶ · ³¥É·Ò ÔÉ¨Ì É· ¥±Éμ·¨°, ¨³¶Ê²Ó¸Ò ¨
§ ·Ö¤Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Î ¸É¨Í. 	 §  ¤ ´´ÒÌ (μ¸´μ¢´μ° ¨ ·¥§¥·¢´Ò° ¢ ·¨-
 ´ÉÒ) · §³¥Ð¥´  ¢  ¢Éμ³ É¨Î¥¸±μ° ¶ ³ÖÉ¨ linux-±² ¸É¥·μ¢ �ˆŸˆ. Œ ¸¸μ¢ Ö
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μ¡· ¡μÉ± , ·¥§Ê²ÓÉ Éμ³ ±μÉμ·μ° Ö¢²Ö¥É¸Ö ´ ¡μ· ¤ ´´ÒÌ ¤²Ö μÉ¡μ·  ¸μ¡ÒÉ¨°
¨ Ë¨§¨Î¥¸±μ£μ  ´ ²¨§ , ·¥ ²¨§μ¢ ´  ¢ · ¸¶·¥¤¥²¥´´μ° ¸¨¸É¥³¥ CHARM [19].

1. �’��� ‘��›’ˆ‰

ˆ´É¥·Ë¥·¥´Í¨μ´´Ò¥ ±μ··¥²ÖÍ¨¨ ¶ ·Ò ´¥°É· ²Ó´ÒÌ ± μ´μ¢ ¨¸¸²¥¤μ¢ -
²¨¸Ó ¢ ·¥ ±Í¨¨

n + C −→ K0 + K̄0 + X. (1)

K0-³¥§μ´Ò ¨¤¥´É¨Ë¨Í¨·μ¢ ²¨¸Ó ¶μ ¨Ì · ¸¶ ¤ ³ ´  ¤¢  ¶¨μ´  ¢ ¸μ¸ÉμÖ´¨¨:

K0
S −→ π+π−. (2)

�·¥¤¢ ·¨É¥²Ó´Ò°  ´ ²¨§ ¶μ§¢μ²¨² μÉμ¡· ÉÓ ¸μ¡ÒÉ¨Ö, ¢ ±μÉμ·ÒÌ ¶·¨-
¸ÊÉ¸É¢μ¢ ²  ÌμÉÖ ¡Ò μ¤´  ¶ ·  É·¥±μ¢ Î ¸É¨Í ¶·μÉ¨¢μ¶μ²μ¦´ÒÌ §´ ±μ¢ Å
´¥°É· ²Ó´ Ö ¢¨²±  (V 0), ¨ ¸Ëμ·³¨·μ¢ ÉÓ ³ ¸¸¨¢ ´¥°É· ²Ó´ÒÌ ¢¨²μ±. �  ´¥°-
É· ²Ó´Ò¥ ¢¨²±¨ ´ ±² ¤Ò¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ μ£· ´¨Î¥´¨Ö:

• ³¨´¨³ ²Ó´μ¥ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê É·¥± ³¨ ¤μ²¦´μ ¡Ò²μ ¡ÒÉÓ ³¥´ÓÏ¥
0,5 ¸³, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É É·¥Ì±· É´μ° ¢¥²¨Î¨´¥ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ · §·¥-
Ï¥´¨Ö ¶μ ÔÉμ³Ê ¶ · ³¥É·Ê;

• ¨¸±²ÕÎ ²¨¸Ó V 0 ¸ ¸μ¢¶ ¤ ÕÐ¨³¨ ³¥¦¤Ê ¸μ¡μ° É·¥± ³¨.
‚ ± Î¥¸É¢¥ ¢¥·Ï¨´Ò · ¸¶ ¤  ¢Ò¡¨· ² ¸Ó ÉμÎ± , ¸·¥¤´¥±¢ ¤· É¨Î´μ¥ · ¸-

¸ÉμÖ´¨¥ μÉ ±μÉμ·μ° ¤μ É·¥±μ¢ ¡Ò²μ ³¨´¨³ ²Ó´μ. „²Ö Ê³¥´ÓÏ¥´¨Ö Ëμ´  μÉ
¢§ ¨³μ¤¥°¸É¢¨° ¢ ³¨Ï¥´¨ É·¥¡μ¢ ²μ¸Ó, ÎÉμ¡Ò ¢¥·Ï¨´  V 0 · ¸¶μ² £ ² ¸Ó ¢
· ¸¶ ¤´μ³ μ¡Ñ¥³¥ [Ä448 ¸³; Ä270 ¸³], ±μÉμ·Ò° ´ Î¨´ ²¸Ö ´  · ¸¸ÉμÖ´¨¨ 12 ¸³
μÉ Í¥´É·  ³¨Ï¥´¨ ¢¤μ²Ó μ¸¨ OZ.

„²Ö ¨¸±²ÕÎ¥´¨Ö Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ¶ · ´ ±² ¤Ò¢ ²μ¸Ó μ£· ´¨Î¥´¨¥
´  ÔËË¥±É¨¢´ÊÕ ³ ¸¸Ê ¶ ·Ò e+e− Me+e− > 100 ŒÔ‚/c2.

‚ ·¥§Ê²ÓÉ É¥ ¡Ò²¨ ¢Ò¤¥²¥´Ò V 0, ±μÉμ·Ò¥ μÉμ¦¤¥¸É¢²Ö²¨¸Ó ¸μ ¸É· ´´Ò³¨
Î ¸É¨Í ³¨ K0, Λ0, Λ̄0. —Éμ¡Ò ¨¸±²ÕÎ¨ÉÓ ¶·¨³¥¸Ó V 0, μ¡· §μ¢ ´´ÒÌ Λ0 ¨
Λ̄0-£¨¶¥·μ´ ³¨, ´ ±² ¤Ò¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ μ£· ´¨Î¥´¨Ö:

• μÉ´μÏ¥´¨¥ ³μ¤Ê²Ö ¨³¶Ê²Ó¸  ¶μ²μ¦¨É¥²Ó´μ° Î ¸É¨ÍÒ ± ³μ¤Ê²Õ ¨³-
¶Ê²Ó¸  μÉ·¨Í É¥²Ó´μ° ¤μ²¦´μ ¡Ò²μ ¡ÒÉÓ ³¥´ÓÏ¥ 5;

• ÔËË¥±É¨¢´ Ö ³ ¸¸  ¸¨¸É¥³Ò (π+π−) ¤μ²¦´  ¡Ò²  ´ Ìμ¤¨ÉÓ¸Ö ¢ ¶·¥-
¤¥² Ì ± 10 ŒÔ‚/c2 μÉ É ¡²¨Î´μ£μ §´ Î¥´¨Ö ³ ¸¸Ò K0, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É
¶·¨¡²¨§¨É¥²Ó´μ É·¥Ì±· É´μ³Ê Ô±¸¶¥·¨³¥´É ²Ó´μ³Ê · §·¥Ï¥´¨Õ ¶μ ÔÉμ° ¢¥-
²¨Î¨´¥.

�·μÏ¥¤Ï¨¥ ¢¸¥ ¶¥·¥Î¨¸²¥´´Ò¥ ¢ÒÏ¥ μ£· ´¨Î¥´¨Ö ´¥°É· ²Ó´Ò¥ ¢¨²±¨
¸Î¨É ²¨¸Ó ¤ ²¥¥ K0

S-³¥§μ´ ³¨ ¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤²Ö Ëμ·³¨·μ¢ ´¨Ö ¶ ·.
‚ ¸¢μÕ μÎ¥·¥¤Ó, ´  ¶ ·Ò ± μ´μ¢ ´ ±² ¤Ò¢ ²¨¸Ó É ±¦¥ ¸²¥¤ÊÕÐ¨¥ μ£· -

´¨Î¥´¨Ö:

2



• ³¨´¨³ ²Ó´μ¥ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¢μ¸¸É ´μ¢²¥´´Ò³¨ É· ¥±Éμ·¨Ö³¨ ¤¢ÊÌ
K0

S ¢ ¸μ¡ÒÉ¨¨ ´¥ ¤μ²¦´μ ¡Ò²μ ¶·¥¢ÒÏ ÉÓ 0,5 ¸³;
• Ä1 ¸³ < X < 2 ¸³, £¤¥ X Å ±μμ·¤¨´ É  ¢¥·Ï¨´Ò ¢μ¸¸É ´μ¢²¥´´μ°

¶ ·Ò;
• Ä2,5 ¸³ < Y < 2 ¸³, £¤¥ Y Å ±μμ·¤¨´ É  ¢¥·Ï¨´Ò ¢μ¸¸É ´μ¢²¥´´μ°

¶ ·Ò;
• ¢¥·Ï¨´  ¸μ¡ÒÉ¨Ö, ¸μ¸É ¢²¥´´ Ö ¨§ ·¥±μ´¸É·Ê¨·μ¢ ´´μ° ¶ ·Ò K0

S , ¤μ²-
¦´  ¡Ò²  ´ Ìμ¤¨ÉÓ¸Ö ¢ ¶·¥¤¥² Ì ±5 ¸³ μÉ Í¥´É·  ³¨Ï¥´¨ ¢¤μ²Ó μ¸¨ ¶ÊÎ± 
(· §·¥Ï ÕÐ Ö ¸¶μ¸μ¡´μ¸ÉÓ ¸¶¥±É·μ³¥É·  ¶μ ±μμ·¤¨´ É¥ Z · ¢´  ¶·¨³¥·´μ
1 ¸³).

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  · §´μ¸ÉÓ ÔËË¥±É¨¢´μ° ³ ¸¸Ò ¸¨¸É¥³Ò (π+π−)
¨ É ¡²¨Î´μ° ³ ¸¸Ò K0-³¥§μ´  ¤²Ö ¸μ¡ÒÉ¨°, ¢Ò¤¥²¥´´ÒÌ ¸ ÊÎ¥Éμ³ ¶¥·¥Î¨-

�¨¸. 1. � §´μ¸ÉÓ ÔËË¥±É¨¢´μ° ³ ¸¸Ò ¸¨¸É¥³Ò (π+π−) ¨ É ¡²¨Î´μ° ³ ¸¸Ò K0

¸²¥´´ÒÌ ¢ÒÏ¥ μ£· ´¨Î¥´¨°. ‚ μ¡² ¸É¨ ´Ê²Ö ´ ¡²Õ¤ ¥É¸Ö Î¥É±¨° ¸¨£´ ².
�μ¸±μ²Ó±Ê · §·¥Ï¥´¨¥ Ê¸É ´μ¢±¨ ¶μ ³ ¸¸¥ ¤²Ö ± μ´  § ¢¨¸¨É μÉ ¥£μ ¨³-
¶Ê²Ó¸ , ¸¨£´ ²  ¶¶·μ±¸¨³¨·μ¢ ²¸Ö ¸Ê¶¥·¶μ§¨Í¨¥° ¤¢ÊÌ ËÊ´±Í¨° ƒ Ê¸¸ . „²Ö
 ¶¶·μ±¸¨³ Í¨¨ Ëμ´  ¨¸¶μ²Ó§μ¢ ²¸Ö ¶μ²¨´μ³ ¢Éμ·μ° ¸É¥¶¥´¨. ‘·¥¤´¥¥ §´ Î¥-
´¨¥ ³ ¸¸Ò ¸μ¢¶ ¤ ¥É ¸ PDG [20], É ± ± ± · ¸¶ ¤ (2) ¡Ò² ¢Ò¡· ´ ¢ ± Î¥¸É¢¥
± ²¨¡·μ¢μÎ´μ£μ ¤²Ö ´ ¸É·μ°±¨ Ô±¸¶¥·¨³¥´É . �μ²ÊÎ¥´´μ¥ §´ Î¥´¨¥ Ï¨·¨´Ò
σ = (4,32 ± 0,31) ŒÔ‚/¸2 ¸μμÉ¢¥É¸É¢Ê¥É Ô±¸¶¥·¨³¥´É ²Ó´μ³Ê · §·¥Ï¥´¨Õ ¶μ
³ ¸¸¥.
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2. �–…�Š� Š�‹ˆ—…‘’‚� ‡��…ƒˆ‘’�ˆ��‚���›• ��� K0
SK0

S

„²Ö μÍ¥´±¨ ±μ²¨Î¥¸É¢  § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¶ · K0
S ¡Ò²μ ¶μ¸É·μ¥´μ ¤¢Ê-

³¥·´μ¥ · ¸¶·¥¤¥²¥´¨e ÔËË¥±É¨¢´ÒÌ ³ ¸¸ ±μ³¡¨´ Í¨° (π+π−) (·¨¸. 2), ±μÉμ-
·μ¥  ¶¶·μ±¸¨³¨·μ¢ ²μ¸Ó ¸²¥¤ÊÕÐ¥° ËÊ´±Í¨¥° (Fun):

Fun = A · G2(m1, m2) + B · G(m1) · P 2(m2)+

+ C · G(m2) · P 2(m1) + D · P 2(m1) · P 2(m2), (3)

£¤¥ A, B, C, D Å ¶ · ³¥É·Ò; G2(m1, m2) Å ¤¢Ê³¥·´ Ö ËÊ´±Í¨Ö ƒ Ê¸¸ , ±μÉμ-
· Ö μ¶¨¸Ò¢ ¥É ·¥£¨¸É· Í¨Õ ·μ¦¤¥´¨Ö ¤¢ÊÌ K0

S-³¥§μ´μ¢; G(m) Å μ¤´μ³¥·´ Ö
ËÊ´±Í¨Ö ƒ Ê¸¸ , ±μÉμ· Ö μ¶¨¸Ò¢ ¥É ·¥£¨¸É· Í¨Õ μ¡· §μ¢ ´¨Ö μ¤´μ£μ K0

S-
³¥§μ´ ; P 2(m) Å ¶μ²¨´μ³ ¢Éμ·μ° ¸É¥¶¥´¨, μ¶¨¸Ò¢ ÕÐ¨° ·¥£¨¸É· Í¨Õ ®¸²Ê-
Î °´ÒÌ¯ (π+π−)-¶ ·, ¢ ±μÉμ·ÒÌ ¶¨μ´Ò ´¥ Ö¢²ÖÕÉ¸Ö ¶·μ¤Ê±Éμ³ · ¸¶ ¤  K0

S .

�¨¸. 2. „¢Ê³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ · §´μ¸É¨ ÔËË¥±É¨¢´μ° ³ ¸¸Ò ¸¨¸É¥³Ò (π+π−) ¨
É ¡²¨Î´μ° ³ ¸¸Ò K0-³¥§μ´ 

�μ²ÊÎ¥´´μ¥ ±μ²¨Î¥¸É¢μ K0
S-¶ · ¸μ¸É ¢¨²μ 5780±107. Šμ··¥²¨·μ¢ ´´Ò°

Ëμ´ Å ¸μ¢³¥¸É´ Ö ·¥£¨¸É· Í¨Ö K0
S ¸μ ¸²ÊÎ °´Ò³¨ (π+π−)-¶ · ³¨ Å μ¶·¥-

¤¥²Ö²¸Ö ¢ ¨´É¥·¢ ²¥ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ±10 ŒÔ‚/c2 μÉ É ¡²¨Î´μ£μ §´ Î¥´¨Ö
³ ¸¸Ò K0 ¨ ¸μ¸É ¢¨² ∼ 10 %. �¥±μ··¥²¨·μ¢ ´´Ò° Ëμ´ Å ¸μ¡ÒÉ¨Ö, ¢ ±μÉμ-
·ÒÌ ¶¨μ´Ò ´¥ Ö¢²ÖÕÉ¸Ö ¶·μ¤Ê±É ³¨ · ¸¶ ¤  K0

S-³¥§μ´μ¢, ¸μ¸É ¢¨² ∼ 5 %.
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„²Ö μÍ¥´±¨ Ëμ´  μÉ ¶·¨³¥¸¨ Λ0- ¨ Λ̄0-£¨¶¥·μ´μ¢ ¢ μÉμ¡· ´´ÒÌ K0
S-

³¥§μ´ Ì ¨¸¶μ²Ó§μ¢ ²μ¸Ó · ¸¶·¥¤¥²¥´¨¥ �·³¥´É¥·μ¸  [21], ¶·¥¤¸É ¢²ÖÕÐ¥¥
¸μ¡μ° § ¢¨¸¨³μ¸ÉÓ pt μÉ ¶¥·¥³¥´´μ°

α =
p+ − p−
p+ + p−

, (4)

£¤¥ p+, p−, pt Å ¶·μ¤μ²Ó´Ò¥ ¨ ¶μ¶¥·¥Î´ Ö ±μ³¶μ´¥´ÉÒ § ·Ö¦¥´´ÒÌ É·¥±μ¢
μÉ´μ¸¨É¥²Ó´μ ¨³¶Ê²Ó¸  V 0 ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ μÉ¸Î¥É  (·¨¸. 3).

�¨¸. 3. Š¨´¥³ É¨±  V 0-¸μ¡ÒÉ¨Ö ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ μÉ¸Î¥É 

„²Ö · ¸¶ ¤  (2) · ¸¶·¥¤¥²¥´¨¥ ¢ ¶¥·¥³¥´´ÒÌ pt ¨ α ¸¨³³¥É·¨Î´μ μÉ-
´μ¸¨É¥²Ó´μ 0, ¢ ±μÉμ·μ³ μ´μ ¨³¥¥É ³ ±¸¨³Ê³ ¶μ pt (¥¸²¨ ´¥ ¶·¨´¨³ ÉÓ ¢μ
¢´¨³ ´¨¥ μÏ¨¡±¨ ¢μ¸¸É ´μ¢²¥´¨Ö ¨³¶Ê²Ó¸μ¢), · ¢´Ò° 206 ŒÔ‚/c. „²Ö Λ0,
Λ̄0 ÔÉ¨ · ¸¶·¥¤¥²¥´¨Ö ¸³¥Ð¥´Ò ¸μμÉ¢¥É¸É¢¥´´μ ¢¶· ¢μ ¨ ¢²¥¢μ ¸ ³ ±¸¨³Ê³μ³
¶μ pt ¢ ÉμÎ±¥ α = |0,7|, · ¢´Ò³ 101 ŒÔ‚/c.

�  ·¨¸. 4,   ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥ �·³¥´É¥·μ¸ , ¶μ¸É·μ¥´´μ¥ ¤²Ö Î -
¸É¨Í, Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì ¢¸¥³ ±·¨É¥·¨Ö³ μÉ¡μ· . „²Ö ¸· ¢´¥´¨Ö ´  ·¨¸. 4, ¡
¶·¨¢¥¤¥´μ Éμ ¦¥ · ¸¶·¥¤¥²¥´¨¥, ¶μ¸É·μ¥´´μ¥ ¤²Ö ¶¥·¢ÒÌ 20 000 Î ¸É¨Í ¨§
³ ¸¸¨¢  ´¥°É· ²Ó´ÒÌ ¢¨²μ±.

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ �·³¥´É¥·μ¸ :   Å ¤²Ö ± ´¤¨¤ Éμ¢ ¢ K0
s -³¥§μ´Ò; ¡ Å ¤²Ö

¶¥·¢ÒÌ 20 000 Î ¸É¨Í ¨§ ³ ¸¸¨¢  ´¥°É· ²Ó´ÒÌ ¢¨²μ±

5



	Ò²  μÍ¥´¥´  ¢¥·Ì´ÖÖ £· ´¨Í  Ëμ´  μÉ ¶·¨³¥¸¨ Λ0-, Λ̄0-£¨¶¥·μ´μ¢:

ε � (0, 97 ± 0, 13)% (5)

± ± μÉ´μÏ¥´¨¥ Î¨¸²  Î ¸É¨Í ¢ μ¡² ¸É¨ pt � 0, 120 ƒÔ‚/c ± μ¡Ð¥³Ê Î¨¸²Ê
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¶ · K0

S.
Œμ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ±·¨É¥·¨¨ μÉ¡μ·  ¢Ò¡· ´Ò ¶· ¢¨²Ó´μ,

¶μ¸±μ²Ó±Ê μ¸´μ¢´ÊÕ Î ¸ÉÓ ´¥¶· ¢¨²Ó´μ ¨¤¥´É¨Ë¨Í¨·μ¢ ´´ÒÌ ± μ´μ¢ Ê¤ ²μ¸Ó
¨¸±²ÕÎ¨ÉÓ.

3. Œ…’�„ ��‘’��…�ˆŸ ‘�…Š’��‚

„²Ö Éμ£μ ÎÉμ¡Ò ¶μ¸É·μ¨ÉÓ ±μ··¥±É´Ò¥ ¸¶¥±É·Ò ¶ ·Ò ± μ´μ¢, ´¥μ¡Ìμ¤¨³μ
¶·μ¢¥¸É¨ ¢ÒÎ¨É ´¨¥ Ëμ´  ¢ μ¡² ¸É¨ ¸¨£´ ² . ‘ ÔÉμ° Í¥²ÓÕ ¶·μ ´ ²¨§¨·μ¢ ´Ò
¢μ¸¥³Ó ¤¢Ê³¥·´ÒÌ μ¡² ¸É¥°, · ¸¶μ²μ¦¥´¨¥ ±μÉμ·ÒÌ ¢μ±·Ê£ ¸¨£´ ²  ¶μ± § ´μ
´  ·¨¸. 5.

�¨¸. 5. „¢Ê³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ · §´μ¸É¨ ÔËË¥±É¨¢´μ° ³ ¸¸Ò (π+π−)-¶ ·Ò ¨ É -
¡²¨Î´μ° ³ ¸¸Ò K0-³¥§μ´ 

� ¸¸³ É·¨¢ ²¨¸Ó ¤¢  ¨¸ÉμÎ´¨±  Ëμ´ :
1 Å ´¥±μ··¥²¨·μ¢ ´´Ò° Ëμ´ F0 μÉ ¸μ¡ÒÉ¨°, ¢ ±μÉμ·ÒÌ μ¡¥ (π+π−)-¶ ·Ò

´¥ Ö¢²ÖÕÉ¸Ö ¶·μ¤Ê±É ³¨ · ¸¶ ¤  K0
S-³¥§μ´μ¢; ¢ÒÎ¨¸²Ö¥É¸Ö ¶ÊÉ¥³ Ê¸·¥¤´¥´¨Ö

Î¨¸²  ±μ³¡¨´ Í¨° ¢ Î¥ÉÒ·¥Ì ³ ¸¸μ¢ÒÌ ¨´É¥·¢ ² Ì ¢´¥ μ¡² ¸É¨ ³ ¸¸ K0
S-

³¥§μ´ ;
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2 Å ±μ··¥²¨·μ¢ ´´Ò° Ëμ´ F μÉ ¸μ¡ÒÉ¨° ¸μ¢³¥¸É´μ£μ μ¡· §μ¢ ´¨Ö K0
S-

³¥§μ´  ¸μ ¸²ÊÎ °´Ò³¨ (π+π−)-¶ · ³¨; ¢ÒÎ¨¸²Ö¥É¸Ö ± ± Ê¸·¥¤´¥´´μ¥ Î¨¸²μ
±μ³¡¨´ Í¨° ¢ Î¥ÉÒ·¥Ì ³ ¸¸μ¢ÒÌ ¨´É¥·¢ ² Ì ¢ μ¡² ¸É¨ ³ ¸¸Ò μ¤´μ£μ K0

S ¨
¢´¥ μ¡² ¸É¨ ¤·Ê£μ£μ K0

S-³¥§μ´  (±μ²¨Î¥¸É¢μ ±μ³¡¨´ Í¨° ¢ ÔÉ¨Ì ³ ¸¸μ¢ÒÌ
¨´É¥·¢ ² Ì ¸μμÉ¢¥É¸É¢Ê¥É F0 + F ).

Š ¦¤Ò° ¤¢Ê³¥·´Ò° ³ ¸¸μ¢Ò° ¨´É¥·¢ ² ¢μ±·Ê£ ¸¨£´ ²  ¢ ¤¢Ê³¥·´ÒÌ · ¸-
¶·¥¤¥²¥´¨ÖÌ (·¨¸. 5) μÉ³¥Î¥´ Í¨Ë·μ°, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ´μ³¥·Ê · §¤¥²  ¸ μ¶¨-
¸ ´¨¥³ ¨¸ÉμÎ´¨±  Ëμ´ .

‚ ·¥§Ê²ÓÉ É¥ ¢ÒÎ¨É ´¨Ö Ëμ´  (F0 + F ) ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢¸¥ ¨§ÊÎ ¥³Ò¥
´¨¦¥ ¸¶¥±É·Ò ¸¨£´ ²  K0

SK0
S-³¥§μ´μ¢.

4. ����Œ…’�ˆ‡�–ˆŸ ˆ �…�…Œ…��›…

„¢ÊÌÎ ¸É¨Î´ Ö ±μ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¸μμÉ-
´μÏ¥´¨¥³

C2(p1, p2) =
N2(p1, p2)

N1(p1)N1(p2)
, (6)

£¤¥ p1 ¨ p2 Å 4-¨³¶Ê²Ó¸Ò Î ¸É¨Í, N1 ¨ N2 Å μ¤´μ- ¨ ¤¢ÊÌÎ ¸É¨Î´Ò¥ ¶²μÉ-
´μ¸É¨ · ¸¶·¥¤¥²¥´¨°.

ˆ¸¸²¥¤μ¢ ² ¸Ó § ¢¨¸¨³μ¸ÉÓ ±μ··¥²ÖÍ¨μ´´μ° ËÊ´±Í¨¨ C2 μÉ ³μ¤Ê²Ö ¨´-
¢ ·¨ ´É´μ° ¶¥·¥³¥´´μ° Q =

√
−(p1 − p2)2. ˆ¸¶μ²Ó§μ¢ ´¨¥ ÔÉμ° ¶¥·¥³¥´-

´μ° ¶μ§¢μ²Ö¥É ¸μÎ¥É ÉÓ ¸¢μ°¸É¢  É·¥Ì³¥·´μ£μ  ´ ²¨§  ¸ ´¨§±¨³¨ É·¥¡μ¢ -
´¨Ö³¨ ± μ¡Ñ¥³Ê Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, Ì · ±É¥·´Ò³¨ ¤²Ö μ¤´μ³¥·´μ°
§ ¤ Î¨ [22].

‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ² ¸Ó μ¤´μ³¥·´ Ö ¶ · ³¥É·¨§ Í¨Ö ƒμ²Ó¤Ì ¡¥· 
[23], ±μÉμ· Ö μ¸´μ¢Ò¢ ¥É¸Ö ´  ³μ¤¥²¨ ´¥§ ¢¨¸¨³μ ¨¸¶Ê¸± ÕÐ¨Ì μ¤´μÎ ¸É¨Î-
´ÒÌ ¨¸ÉμÎ´¨±μ¢ ¸ £ Ê¸¸μ¢Ò³ ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¢
μ¡Ñ¥³¥ ¸É É¨Î´μ° ¸Ë¥·Ò ¨ § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥

C2(Q) = N · (1 + λ exp(−Q2R2
0)), (7)

£¤¥ N Å ´μ·³¨·μ¢μÎ´Ò° ³´μ¦¨É¥²Ó; R0 Å ¶ · ³¥É·, ¶·μ¶μ·Í¨μ´ ²Ó´Ò°
¸·¥¤´¥±¢ ¤· É¨Î´μ³Ê · ¤¨Ê¸Ê ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ ¨¸ÉμÎ´¨±  ¢ ¸¨-
¸É¥³¥ ¶μ±μÖ ¶ ·Ò Î ¸É¨Í

(
R2

0 = 〈r2
0〉/3

)
; λ (0 � λ � 1) Å ¶ · ³¥É· ±μ-

£¥·¥´É´μ¸É¨. „²Ö ¸¨¸É¥³Ò ¤¢ÊÌ ¡μ§μ´μ¢ λ = 0 ¸μμÉ¢¥É¸É¢Ê¥É ¶μ²´μ¸ÉÓÕ ±μ£¥-
·¥´É´μ³Ê ¨§²ÊÎ¥´¨Õ, a λ = 1 Å ´¥±μ£¥·¥´É´μ³Ê, μ¡ÒÎ´μ λ ³¥´ÓÏ¥ 1 ¨§-§ 
Î ¸É¨Î´μ° ±μ£¥·¥´É´μ¸É¨ ¨¸¶Ê¸± ´¨Ö ± μ´μ¢, ¢²¨Ö´¨Ö · ¸¶ ¤  ·¥§μ´ ´¸μ¢ ¨
´¥£ Ê¸¸μ¢μ° Ëμ·³Ò ±μ··¥²ÖÍ¨μ´´μ° ËÊ´±Í¨¨. ’ ±¦¥ ¸¨²Ó´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥
¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ ¢²¨Ö¥É ´  ÔÉμÉ ¶ · ³¥É· [24].

Š ± Ê¦¥ £μ¢μ·¨²μ¸Ó, ¨´É¥·Ë¥·¥´Í¨μ´´Ò¥ ±μ··¥²ÖÍ¨¨ Ö¢²ÖÕÉ¸Ö ¸²¥¤-
¸É¢¨¥³ Éμ¦¤¥¸É¢¥´´μ¸É¨ Î ¸É¨Í. „²Ö § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢ ¨²¨ ± μ´μ¢ Éμ-
¦¤¥¸É¢¥´´μ¸ÉÓ μ¤´μ§´ Î´μ μ¶·¥¤¥²Ö¥É¸Ö Éμ¦¤¥¸É¢¥´´μ¸ÉÓÕ ¨Ì § ·Ö¤μ¢. „²Ö
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´¥°É· ²Ó´ÒÌ ± μ´μ¢ ¸¨ÉÊ Í¨Ö ¤·Ê£ Ö. �´¨ ³μ£ÊÉ ·μ¦¤ ÉÓ¸Ö ¨§ Éμ¦¤¥¸É¢¥´-
´ÒÌ ¶ · K0K0 ¨ K̄0K̄0 ¨²¨ ¨§ ¡μ§μ´- ´É¨¡μ§μ´´μ° ¸¨¸É¥³Ò K0K̄0. ‚
¶¥·¢μ³ ¸²ÊÎ ¥ ¶¥·¢μ´ Î ²Ó´Ò¥ ´¥°É· ²Ó´Ò¥ ± μ´Ò Éμ¦¤¥¸É¢¥´´Ò, ¶μÔÉμ³Ê
¤²Ö K0

SK0
S-¶ · ¤μ²¦´Ò ´ ¡²Õ¤ ÉÓ¸Ö ¨´É¥·Ë¥·¥´Í¨μ´´Ò¥ ±μ··¥²ÖÍ¨¨. ‚ ¶μ-

¸²¥¤´¥³ ¸²ÊÎ ¥ K0K̄0-¸¨¸É¥³Ò ¸¨ÉÊ Í¨Ö ¡μ²¥¥ ¸²μ¦´ Ö. ‡¤¥¸Ó ¢μ§´¨± ¥É
· ¤¨± ²Ó´μ¥ μÉ²¨Î¨¥ μÉ ¶μ¢¥¤¥´¨Ö ¶ · ´¥Éμ¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í, ¸¢Ö§ ´´μ¥ ¸
É¥³, ÎÉμ K0- ¨ K̄0-³¥§μ´Ò Ö¢²ÖÕÉ¸Ö ¸Ê¶¥·¶μ§¨Í¨¥° ¡ §¨¸´ÒÌ ¸μ¸ÉμÖ´¨° K0

S

¨ K0
L. ‚ ·¥§Ê²ÓÉ É¥ μ± §Ò¢ ¥É¸Ö, ÎÉμ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ê¸²μ¢¨° ·¥£¨¸É· Í¨¨

¨´É¥·Ë¥·¥´Í¨μ´´Ò° ÔËË¥±É ³μ¦¥É ¡ÒÉÓ ± ± ¶μ²μ¦¨É¥²Ó´Ò³, É ± ¨ μÉ·¨Í -
É¥²Ó´Ò³,   ³μ¦¥É ¨ ¶μ²´μ¸ÉÓÕ μÉ¸ÊÉ¸É¢μ¢ ÉÓ [25]. �¡Ð¨°  ´ ²¨§ ¶ ·´ÒÌ
±μ··¥²ÖÍ¨° ¶·μ¨§¢μ²Ó´ÒÌ ¸Ê¶¥·¶μ§¨Í¨° ¶μ ¢´ÊÉ·¥´´¨³ ±¢ ´Éμ¢Ò³ Î¨¸² ³
¶μ± §Ò¢ ¥É, ÎÉμ ¥¸²¨ ¨§ÊÎ¥´¨¥ μ£· ´¨Î¨¢ ¥É¸Ö Éμ²Ó±μ K0

SK0
S- ¨²¨ K0

LK0
L-

¸μ¸ÉμÖ´¨Ö³¨, ³μ¦´μ Ê¢¨¤¥ÉÓ ¨´É¥·Ë¥·¥´Í¨μ´´Ò¥ ±μ··¥²ÖÍ¨¨ ´¥§ ¢¨¸¨³μ μÉ
Éμ£μ, ¨§ ± ±μ£μ ¨¸ÉμÎ´¨±  ·μ¤¨²¨¸Ó Î ¸É¨ÍÒ [26].

5. ����‹…Œ� ‚›���� ������ƒ� ��‘��…„…‹…�ˆŸ

�±¸¶¥·¨³¥´É ²Ó´ Ö ±μ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö ¸É·μ¨É¸Ö ± ± μÉ´μÏ¥´¨¥
´μ·³¨·μ¢ ´´ÒÌ ´  ¥¤¨´¨ÍÊ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ N(Q)Ô±¸ ¨ μ¶μ·´μ£μ N(Q)μ·
· ¸¶·¥¤¥²¥´¨°:

C2(Q) =
N(Q)Ô±¸
N(Q)μ·

≡
Nμ·

NÔ±¸
· (dN(Q)/dQ)Ô±¸

(dN(Q)/dQ)μ·
, (8)

£¤¥ NÔ±¸ ¨ Nμ· Å ±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ³ ¨ μ¶μ·´μ³
· ¸¶·¥¤¥²¥´¨¨.

—·¥§¢ÒÎ °´μ ¢ ¦´Ò³ Ö¢²Ö¥É¸Ö ¢μ¶·μ¸ ¢Ò¡μ·  μ¶μ·´μ£μ · ¸¶·¥¤¥²¥´¨Ö.
‘ÊÐ¥¸É¢Ê¥É ´¥¸±μ²Ó±μ ¸¶μ¸μ¡μ¢ ¶μ¸É·μ¥´¨Ö μ¶μ·´μ£μ · ¸¶·¥¤¥²¥´¨Ö, É ±

± ± μ´μ ³μ¦¥É ¸É ÉÓ ¶·¨Î¨´μ° ¸¨¸É¥³ É¨Î¥¸±¨Ì μÏ¨¡μ± ¢ μ¶·¥¤¥²¥´¨¨ · §-
³¥·μ¢ μ¡² ¸É¨ £¥´¥· Í¨¨:

1) ³μ¤¥²¨·μ¢ ´¨¥ ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ;
2) ³¥Éμ¤ ¶¥·¥³¥Ï¨¢ ´¨Ö, ±μ£¤  ¡¥·ÊÉ¸Ö Î ¸É¨ÍÒ ¨§ · §´ÒÌ ¸μ¡ÒÉ¨°;
3) Ô±¸¶¥·¨³¥´É ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¤²Ö Î ¸É¨Í Éμ£μ ¦¥ É¨¶ , ´μ ¸ ¶·μ-

É¨¢μ¶μ²μ¦´Ò³¨ § ·Ö¤ ³¨.
„²Ö Éμ¦¤¥¸É¢¥´´ÒÌ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¢ ± Î¥¸É¢¥ μ¶μ·´μ£μ · ¸¶·¥¤¥-

²¥´¨Ö μ¡ÒÎ´μ ¨¸¶μ²Ó§ÊÕÉ ¸¶μ¸μ¡Ò 1 ¨ 2. � ¸¸³μÉ·¨³ ¨Ì ¶μ¤·μ¡´¥¥.
5.1. Œμ¤¥²¨·μ¢ ´¨¥ ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ. „²Ö ³μ¤¥²¨·μ¢ ´¨Ö ³¥Éμ¤μ³

Œμ´É¥-Š ·²μ ¨¸¶μ²Ó§μ¢ ²¸Ö ¸±μ··¥±É¨·μ¢ ´´Ò° £¥´¥· Éμ· FRITIOF [27].
„²Ö ÊÎ¥É  ¶·μÌμ¦¤¥´¨Ö Î ¸É¨Í Î¥·¥§ Ê¸É ´μ¢±Ê �Š‘—��Œ ¡Ò²¨ ¨¸¶μ²Ó§μ-
¢ ´Ò ±μ³¶²¥±¸´Ò¥ ¶·μ£· ³³Ò [28], ´ ¶¨¸ ´´Ò¥ ´  μ¸´μ¢¥ ¶ ±¥É 
GEANT-3 [29].

ƒ¥´¥· Éμ·μ³ FRITIOF ³μ¤¥²¨·μ¢ ² ¸Ó ·¥ ±Í¨Ö ¨´±²Õ§¨¢´μ£μ ·μ¦¤¥´¨Ö
¤¢ÊÌ ´¥°É· ²Ó´ÒÌ ± μ´μ¢. ’ ± ± ± £¥´¥· Éμ· ¶·¥¤´ §´ Î¥´ ¤²Ö μ¶¨¸ ´¨Ö
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�¨¸. 6. ˆ³¶Ê²Ó¸´Ò¥ ¸¶¥±É·Ò K0
S-³¥§μ´μ¢. ƒ¨¸Éμ£· ³³  Å Ô±¸¶¥·¨³¥´É; � Å ³μ¤¥²Ó

FRITIOF; ◦ Å ¶¥·¥³¥Ï¨¢ ´¨¥

�¨¸. 7. � ¸¶·¥¤¥²¥´¨¥ ¶μ ³´μ¦¥¸É¢¥´´μ¸É¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. ƒ¨¸Éμ£· ³³  Å Ô±¸-
¶¥·¨³¥´É; � Å ³μ¤¥²Ó FRITIOF
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 ¤·μ´´ÒÌ ¶·μÍ¥¸¸μ¢ ¤²Ö Ô´¥·£¨° ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¸É ²±¨¢ ÕÐ¨Ì¸Ö
Î ¸É¨Í ´¥ ´¨¦¥ 10 ƒÔ‚,   Î ¸ÉÓ ¸μ¡ÒÉ¨° ¢ Ô±¸¶¥·¨³¥´É¥ ´ Ìμ¤¨² ¸Ó ´¨¦¥
ÔÉμ£μ ¶μ·μ£ , ¶·μ¢μ¤¨² ¸Ó ±μ··¥±Í¨Ö ¶ÊÉ¥³ ´ ²μ¦¥´¨Ö ´  ¸μ¡ÒÉ¨Ö ¢¥¸μ¢μ°
ËÊ´±Í¨¨ (WF ), § ¢¨¸ÖÐ¥° μÉ ±¨´¥³ É¨Î¥¸±¨Ì ¶¥·¥³¥´´ÒÌ: ¶·μ¤μ²Ó´μ£μ ¨
¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ± ¦¤μ£μ ± μ´  ¨ ¶¥·¥³¥´´μ° ”¥°´³ ´  (XF ). ‚¥¸μ¢ Ö
ËÊ´±Í¨Ö ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

WF = (1− | XF |)k · exp(−bP 2
t ) · Pn, (9)

£¤¥ k = 1,75 ¨ b = 0,070 Å ¶ · ³¥É·Ò; Pn = 1, 09 − 0, 91 · exp(−1, 8 ·
10−8 · (Pl/Pl(n))3) Å ËÊ´±Í¨Ö, § ¢¨¸ÖÐ Ö μÉ ¶·μ¤μ²Ó´μ£μ ¨³¶Ê²Ó¸  ± μ´  Pl

¨ ¨³¶Ê²Ó¸  ´ ²¥É ÕÐ¥£μ ´¥°É·μ´  ¶ÊÎ±  Pl(n).
	Ò²μ ¶·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ³μ¤¥²¨·μ¢ ´´ÒÌ · ¸-

¶·¥¤¥²¥´¨° ¶μ ±¨´¥³ É¨Î¥¸±¨³ ¶¥·¥³¥´´Ò³ Pl ¨ P 2
t (·¨¸. 6) ¤²Ö K0

S-³¥§μ´μ¢
¨ ¤²Ö ³´μ¦¥¸É¢¥´´μ¸É¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í N§ (·¨¸. 7). ‘¶¥±É·Ò ´μ·³¨·μ-
¢ ´Ò ´  ¥¤¨´¨ÍÊ. „μ¸É¨£´ÊÉμ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ¶·μ¤μ²Ó´μ£μ ¨ ¶μ¶¥·¥Î´μ£μ
¨³¶Ê²Ó¸μ¢,   É ±¦¥ ³´μ¦¥¸É¢¥´´μ¸É¨.

5.2. Œ¥Éμ¤ ¶¥·¥³¥Ï¨¢ ´¨Ö. „²Ö ¶¥·¥³¥Ï¨¢ ´¨Ö μÉ¡¨· ²¨¸Ó ¸μ¡ÒÉ¨Ö ¸
Î ¸É¨Í ³¨, Ê¤μ¢²¥É¢μ·ÖÕÐ¨³¨ ¢¸¥³ ¢ÒÏ¥¶¥·¥Î¨¸²¥´´Ò³ ±·¨É¥·¨Ö³ μÉ¡μ· .
ˆ§ ´¨Ì Ëμ·³¨·μ¢ ²¨¸Ó ³´μ¦¥¸É¢  ¶μ 100 ¸μ¡ÒÉ¨°, Î ¸É¨ÍÒ ¨§ μ¤´μ£μ ³´μ-
¦¥¸É¢  ¶¥·¥³¥Ï¨¢ ²¨¸Ó ¤·Ê£ ¸ ¤·Ê£μ³.

�  ·¨¸. 6 ¶·¥¤¸É ¢²¥´μ ¸· ¢´¥´¨¥ ¶μ ±¨´¥³ É¨Î¥¸±¨³ ¶¥·¥³¥´´Ò³ Pl ¨
P 2

t ¤²Ö K0
S-³¥§μ´μ¢ ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ¶μ²ÊÎ¥´´ÒÌ ³¥Éμ¤μ³ ¶¥·¥³¥-

Ï¨¢ ´¨Ö · ¸¶·¥¤¥²¥´¨°.
‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ³¥Éμ¤ ¶¥·¥³¥Ï¨¢ ´¨Ö ¨³¥¥É ´¥¤μ¸É Éμ± ¢ Éμ³,

ÎÉμ ¢μ§³μ¦´μ¥ ´¥¢Ò¶μ²´¥´¨¥ § ±μ´μ¢ ¸μÌ· ´¥´¨Ö Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸  ¢´μ-
¸¨É ¤μ¶μ²´¨É¥²Ó´Ò¥ ±¨´¥³ É¨Î¥¸±¨¥ ±μ··¥²ÖÍ¨¨ ¢ · ¸¶·¥¤¥²¥´¨Ö ¶ ·. „²Ö
ÊÎ¥É  ÔÉ¨Ì ±¨´¥³ É¨Î¥¸±¨Ì ±μ··¥²ÖÍ¨° Ô±¸¶¥·¨³¥´É ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥,
¶μ²ÊÎ¥´´μ¥ ¶¥·¥³¥Ï¨¢ ´¨¥³, ¤¥²¨²μ¸Ó ´   ´ ²μ£¨Î´μ¥ ³μ¤¥²¨·μ¢ ´´μ¥ (¤ -
²¥¥ ®¤¢μ°´μ¥ μÉ´μÏ¥´¨¥¯):

C2(Q) =
(

N(Q)
N(Q)¶¥·

)
Ô±¸

/ (
N(Q)

N(Q)¶¥·

)
FRITIOF

. (10)

6. ���‹ˆ‡ ˆ �…‡“‹œ’�’›

�  ·¨¸. 8 ¶μ± § ´  ±μ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö C2(Q) ¢ § ¢¨¸¨³μ¸É¨ μÉ ³μ-
¤Ê²Ö · §´μ¸É¨ 4-¨³¶Ê²Ó¸μ¢ K0

SK0
S-³¥§μ´μ¢. ‡ ¢¨¸¨³μ¸ÉÓ ¤²Ö ¸²ÊÎ Ö μ¶μ·´μ£μ

· ¸¶·¥¤¥²¥´¨Ö, ¶μ¸É·μ¥´´μ£μ ¸ ¶μ³μÐÓÕ ³μ¤¥²¨·μ¢ ´¨Ö (8), ¶·¥¤¸É ¢²¥´  ´ 
·¨¸. 8, a. ‚ μ¡² ¸É¨ ³ ²ÒÌ §´ Î¥´¨° Q ´ ¡²Õ¤ ÕÉ¸Ö ±μ´¸É·Ê±É¨¢´Ò¥ ±μ··¥-
²ÖÍ¨¨, ±μÉμ·Ò¥, ¶μ-¢¨¤¨³μ³Ê, μ¡Ê¸²μ¢²¥´Ò ¸É É¨¸É¨±μ° 	μ§¥Ä�°´ÏÉ¥°´ .
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�¨¸. 8. Šμ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö C2(Q), ¶μ¸É·μ¥´´ Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §´ÒÌ μ¶μ·-
´ÒÌ · ¸¶·¥¤¥²¥´¨°:   Å ³μ¤¥²¨·μ¢ ´¨¥ FRITIOF (8); ¡ Å ®¤¢μ°´μ¥ μÉ´μÏ¥´¨¥¯
(10). ‘¶²μÏ´ Ö ±·¨¢ Ö ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°  ¶¶·μ±¸¨³ Í¨Õ ËÊ´±Í¨¥° ƒμ²Ó¤Ì ¡¥· 
(7), ¶Ê´±É¨·´ Ö ²¨´¨Ö Å ËÊ´±Í¨¥° ƒμ²Ó¤Ì ¡¥·  ¸ ÊÎ¥Éμ³ ¸¨²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö.
�¡² ¸ÉÓ f2(1270), μ¡μ§´ Î¥´´ Ö ®◦¯, ¡Ò²  ¨¸±²ÕÎ¥´  ¨§  ¶¶·μ±¸¨³ Í¨¨

‘¶²μÏ´ Ö ±·¨¢ Ö ´  ·¨¸. 8 Å  ¶¶·μ±¸¨³ Í¨Ö ËÊ´±Í¨¥° ƒμ²Ó¤Ì ¡¥·  (7).
�¥§Ê²ÓÉ É ¶·¥¤¸É ¢²¥´ ¢ É ¡². 1. �´ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ¶μ¢¥¤¥´¨¥³ ±μ··¥-
²ÖÍ¨μ´´μ° ËÊ´±Í¨¨, ¶μ¸É·μ¥´´μ° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ μ¶μ·´μ£μ · ¸¶·¥¤¥²¥´¨Ö,
¶μ²ÊÎ¥´´μ£μ ³¥Éμ¤μ³ ®¤¢μ°´μ£μ μÉ´μÏ¥´¨Ö¯ (10) (·¨¸. 8, ¡). � ²¨Î¨¥ ´¥±μ-
Éμ·μ£μ ¶·¥¢ÒÏ¥´¨Ö ¢ μ¡² ¸É¨ 0,80Ä0,90 ƒÔ‚/c, ¸±μ·¥¥ ¢¸¥£μ, μ¡Ê¸²μ¢²¥´μ
¶·¨¸ÊÉ¸É¢¨¥³ f2(1270)-³¥§μ´ .

’ ¡²¨Í  1. ‡´ Î¥´¨Ö ¶ · ³¥É·μ¢  ¶¶·μ±¸¨³ Í¨¨ C2(Q) ËÊ´±Í¨¥° ƒμ²Ó¤Ì ¡¥·  (7)

NÔ±¸/Nμ· λ R, Ë³ χ2/¸É. ¸¢.
NÔ±¸/NFRITIOF 1,54 ± 0,28 0,73 ± 0,07 0,71

(N/N¶¥·)Ô±¸/(N/N¶¥·)FRITIOF 1,66 ± 0,31 0,74 ± 0,07 0,67
‘ ÊÎ¥Éμ³ ¸¨²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö

NÔ±¸/NFRITIOF 0,88 ± 0,20 0,67 ± 0,06 0,68
(N/N¶¥·)Ô±¸/(N/N¶¥·)FRITIOF 0,96 ± 0,22 0,68 ± 0,07 0,64

� · ³¥É· λ ¡μ²ÓÏ¥ ¥¤¨´¨ÍÒ, ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¶μ³¨³μ
ÔËË¥±Éμ¢ ±¢ ´Éμ¢μ° ¸É É¨¸É¨±¨ § ³¥É´μ¥ ¢²¨Ö´¨¥ ´  ±μ··¥²ÖÍ¨μ´´ÊÕ ËÊ´±-
Í¨Õ μ± §Ò¢ ¥É ¢§ ¨³μ¤¥°¸É¢¨¥ ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨. �Éμ ¢²¨Ö´¨¥ ¢ ¸²Ê-
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Î ¥ ±μ··¥²ÖÍ¨° ´¥°É· ²Ó´ÒÌ ± μ´μ¢ μ¡Ê¸²μ¢²¥´μ ¸¨²Ó´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³.
‘¨²Ó´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ ¢²¨Ö¥É ´  ±μ··¥²ÖÍ¨¨ ´¥°-
É· ²Ó´ÒÌ ± μ´μ¢ ¡² £μ¤ ·Ö ¶·¨¸ÊÉ¸É¢¨Õ ¶μ¤¶μ·μ£μ¢ÒÌ ·¥§μ´ ´¸μ¢ f0(980)
¨ a0(980) [24]: ¶μ¤¶μ·μ£μ¢Ò¥ ·¥§μ´ ´¸Ò ´¥ Éμ²Ó±μ ¨§³¥´ÖÕÉ · ¸¶·¥¤¥²¥´¨¥
¶μ ÔËË¥±É¨¢´μ° ³ ¸¸¥, ´μ É ±¦¥ ¶·¨¢μ¤ÖÉ ± Éμ³Ê, ÎÉμ s-¢μ²´μ¢μ¥ · ¸¸¥Ö-
´¨¥ Ö¢²Ö¥É¸Ö ¤μ³¨´¨·ÊÕÐ¨³. „²Ö  ¶¶·μ±¸¨³ Í¨¨ ±μ··¥²ÖÍ¨μ´´μ° ËÊ´±Í¨¨
(ÏÉ·¨Ìμ¢Ò¥ ±·¨¢Ò¥ ´  ·¨¸. 8) ¨¸¶μ²Ó§Ê¥É¸Ö  ´ ²¨É¨Î¥¸±μ¥ ¢Ò· ¦¥´¨¥, ¶·¥¤-
²μ¦¥´´μ¥ �. ‹¥¤´¨Í±¨³ ¨ ¶·¨¢¥¤¥´´μ¥ ¢ · ¡μÉ Ì [24, 30, 31]. �¥§Ê²ÓÉ ÉÒ
¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1. Š·¨¢Ò¥ ¨ §´ Î¥´¨Ö ¶ · ³¥É·  R ¡²¨§±¨ ± ¶μ²ÊÎ¥´-
´Ò³ ¸ ¶μ³μÐÓÕ ¶ · ³¥É·¨§ Í¨¨ ƒμ²Ó¤Ì ¡¥· . �μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö λ ¸É ²¨
¡²¨§±¨ ± 1. �Éμ ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¤²Ö ¨§ÊÎ¥´¨Ö ±μ··¥²Ö-
Í¨° ´¥°É· ²Ó´ÒÌ ± μ´μ¢ ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¢§ ¨³μ¤¥°¸É¢¨¥ ¢ ±μ´¥Î´μ³
¸μ¸ÉμÖ´¨¨.

� · ³¥É· R = (0, 67±0, 07¸É É±0, 07¸¨¸É) Ë³. ‘¨¸É¥³ É¨Î¥¸± Ö ¶μ£·¥Ï-
´μ¸ÉÓ μ¶·¥¤¥²¥´  ± ± · §´μ¸ÉÓ §´ Î¥´¨°, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ · §´ÒÌ ¶ · ³¥É·¨-
§ Í¨ÖÌ. ‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¤²Ö ¸· ¢´¥´¨Ö ¤ ´´Ò¥, ¶μ²ÊÎ¥´´Ò¥ ¢ ¤·Ê£¨Ì
Ô±¸¶¥·¨³¥´É Ì. �¥¸³μÉ·Ö ´  Éμ, ÎÉμ ¨§ÊÎ ÕÉ¸Ö ¸μ¢¥·Ï¥´´μ · §´Ò¥ ¨¸Ìμ¤´Ò¥
·¥ ±Í¨¨, §´ Î¥´¨Ö ¶ · ³¥É·  R ¢ ¶·¥¤¥² Ì ¶μ£·¥Ï´μ¸É¥° ´¥ ¨§³¥´ÖÕÉ¸Ö.

’ ¡²¨Í  2. ‘· ¢´¥´¨¥ ¸ ¤·Ê£¨³¨ Ô±¸¶¥·¨³¥´É ³¨

�¥ ±Í¨Ö ‘¸Ò²±  λ R, Ë³
pp̄ [11] 0,9 ± 0,2

e+e− [12] 1,14 ± 0,23 ± 0,32 0,76 ± 0,10 ± 0,11
e+e− [13] 0,61 ± 0,16 ± 0,16 0,55 ± 0,08 ± 0,12
e+e− [14] 0,96 ± 0,21 ± 0,40 0,65 ± 0,07 ± 0,15
pp, pp̄ [32] 0,63 ± 0,06 ± 0,14 0,57 ± 0,04 ± 0,14
nC ¤ ´´ Ö · ¡μÉ  0,92 ± 0,20 ± 0,60 0,67 ± 0,07 ± 0,07

‡�Š‹
—…�ˆ…

�¥·¥Î¨¸²¨³ μ¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ · ¡μÉ¥.
‚¶¥·¢Ò¥ ¢ nC-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¨¸¸²¥¤μ¢ ´Ò ¤¢ÊÌÎ ¸É¨Î´Ò¥ ±μ··¥²ÖÍ¨¨

¶ · K0
SK0

S-³¥§μ´μ¢ ¶·¨ ³ ²ÒÌ μÉ´μ¸¨É¥²Ó´ÒÌ ¨³¶Ê²Ó¸ Ì. � ¡²Õ¤ ÕÉ¸Ö ±μ´-
¸É·Ê±É¨¢´Ò¥ ±μ··¥²ÖÍ¨¨ ¢ μ¡² ¸É¨ ³ ²ÒÌ Q, ¢μ§³μ¦´μ, μ¡Ê¸²μ¢²¥´´Ò¥ ¸É -
É¨¸É¨±μ° 	μ§¥Ä�°´ÏÉ¥°´ . �ËË¥±É ´ ¡²Õ¤ ¥É¸Ö ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¤²Ö ¶μ-
¸É·μ¥´¨Ö ±μ··¥²ÖÍ¨μ´´μ° ËÊ´±Í¨¨ · §²¨Î´ÒÌ É¨¶μ¢ μ¶μ·´μ£μ · ¸¶·¥¤¥²¥-
´¨Ö.

‚ · ³± Ì ¶ · ³¥É·¨§ Í¨¨ ƒμ²Ó¤Ì ¡¥·  ¶μ²ÊÎ¥´  μÍ¥´±  · §³¥·μ¢ μ¡² -
¸É¨ ·μ¦¤¥´¨Ö K0

S-³¥§μ´μ¢ ¸ ÊÎ¥Éμ³ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨.
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‡´ Î¥´¨¥ ¶ · ³¥É·  R = (0, 67 ± 0, 07¸É É ± 0, 07¸¨¸É) Ë³. �´μ ¸μ£² ¸Ê¥É¸Ö
¸μ §´ Î¥´¨Ö³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´É Ì.

�¢Éμ·Ò ¡² £μ¤ ·´Ò �. ‹¥¤´¨Í±μ³Ê §  ±·¨É¨Î¥¸±¨¥ § ³¥Î ´¨Ö, Í¥´´Ò¥
¸μ¢¥ÉÒ ¨ ¶μ³μÐÓ ¢ · ¡μÉ¥.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ ¶·μ£· ³³ BRHE (£· ´É Y3-P-11-05),
”¥¤¥· ²Ó´μ£μ  £¥´É¸É¢  ¶μ μ¡· §μ¢ ´¨Õ (£· ´É 2.2.2.3.4938) ¨ �μ¸¸¨°¸±μ£μ
Ëμ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (¶·μ¥±É 06-07-89035).
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