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�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ ¶μ¨¸±Ê ¨ ¨¸¸²¥¤μ¢ ´¨Õ ÔËË¥±Éμ¢ ¢ ¸¨¸É¥³¥ π+π− ¢ ·¥ ±Í¨¨ np →
npπ+π− ¶·¨ ¨³¶Ê²Ó¸¥ ±¢ §¨³μ´μÌ·μ³ É¨Î¥¸±¨Ì ´¥°É·μ´μ¢ Pn = (5,20 ± 0,12) ƒÔ‚/¸ ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ μ¡²ÊÎ¥´¨¨ μ¤´μ³¥É·μ¢μ° ¢μ¤μ·μ¤´μ° ¶Ê§Ò·Ó±μ¢μ° ± ³¥·Ò ‹‚�
�ˆŸˆ. �μ¸²¥ ¤μ¶μ²´¨É¥²Ó´μ£μ μÉ¡μ·  ¸μ¡ÒÉ¨° ¸ ¶·μÉμ´ ³¨, ²¥ÉÖÐ¨³¨ ¢ ¶¥·¥¤´ÕÕ ¶μ²Ê¸Ë¥·Ê ¢
μ¡Ð¥° ¸. Í. ³. (cos θ∗

p > 0), ¢ · ¸¶·¥¤¥²¥´¨¨ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ π+π−-±μ³¡¨´ Í¨° μ¡´ ·Ê¦¥´μ ¤¥-
¢ÖÉÓ μ¸μ¡¥´´μ¸É¥° ¸ ³ ¸¸ ³¨ (350±3), (408±3), (489±3), (579±5), (676±7), (762±11), (878±7),
(1036 ± 13), (1170 ± 11) ŒÔ‚/¸2, Ï¨·¨´Ò ±μÉμ·ÒÌ ´¥ ¶·¥¢ÒÏ ÕÉ ´¥¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢ ŒÔ‚/c2.
�·μ¨§¢¥¤¥´  μÍ¥´±  ¸¶¨´μ¢ ·¥§μ´ ´¸μ¢, ¨ μ¶·¥¤¥²¥´Ò ¨Ì ¤·Ê£¨¥ ±¢ ´Éμ¢Ò¥ Î¨¸² . ‚¸¥ μ¸μ¡¥´´μ¸É¨
Ì · ±É¥·¨§ÊÕÉ¸Ö μ¤´¨³ ¨ É¥³ ¦¥ ´ ¡μ·μ³ ±¢ ´Éμ¢ÒÌ Î¨¸¥² IG(JPC) = 0+(0++). ˆ¸¸²¥¤μ¢ ´  ¶μ-
¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¸± ²Ö·-¨§μ¸± ²Ö·´ÒÌ ·¥§μ´ ´¸μ¢ f0(σ0) ¸ ³ ¸¸ ³¨ ¢ μ¡² ¸É¨ M � 1200 ŒÔ‚/¸2.
� °¤¥´  Ë¥´μ³¥´μ²μ£¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ·¥§μ´ ´¸μ¢ μÉ ¨Ì ´μ³¥· . �É  § ¢¨¸¨³μ¸ÉÓ μÌ¢ ÉÒ¢ ¥É
´¥ Éμ²Ó±μ ·¥§μ´ ´¸´Ò¥ ÔËË¥±ÉÒ, ¶·¥¤¸É ¢²¥´´Ò¥ ¢ ¤ ´´μ° · ¡μÉ¥, ´μ ¨ ¢¸¥ ¡¥§ ¨¸±²ÕÎ¥´¨Ö μ¸μ-
¡¥´´μ¸É¨, μÉ³¥Î¥´´Ò¥ ¢ É ¡²¨Í Ì ³¨·μ¢ÒÌ ¤ ´´ÒÌ ± ± ¨³¥ÕÐ¨¥ ±¢ ´Éμ¢Ò¥ Î¨¸²  f0(σ0)-³¥§μ´μ¢.

The results of search and study of resonance effects in the system of π+π− from the reaction
np → npπ+π− at the impulse of the quasimonochromatic neutrons Pn = (5.20 ± 0.12) GeV/c from
the data obtained in an exposure of the 1 m hydrogen bubble chamber of LHE (JINR) are presented.
After supplementary sorting out the events where a secondary proton 	ies forward in the general
c.m.s. of reaction (cos θ∗

p > 0) in the effective mass spectrum of π+π−-combinations, there were nine
peculiarities found out at masses (350 ± 3), (408 ± 3), (489 ± 3), (579 ± 5), (676 ± 7), (762 ± 11),
(878 ± 7), (1036 ± 13), (1170 ± 11) MeV/c2 with experimental widths not more than several tens of
MeV/c2. The direct measurement of the spin of resonances was carried out. Also other quantum numbers
were obtained. All of these peculiarities have a similar set of quantum numbers IG(JPC) = 0+(0++).
The sequence of scalar-isoscalar resonances f0(σ0) with masses in the range of M � 1200 MeV/c2

was explored. The phenomenological dependence for the resonance mass on its number was found.
This dependence covered not only resonances shown in this paper but also all those which are present
in PDG tables with quantum numbers of f0(σ0)-mesons.

PACS: 13.75.Cs
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� ¡μÉ  ¶μ¸¢ÖÐ¥´  ¶μ¨¸±Ê ¨ ¨§ÊÎ¥´¨Õ ³ ²μ³ ¸¸μ¢ÒÌ (M � 1200 ŒÔ‚/¸2) ·¥§μ´ ´¸μ¢
¢ ¸¨¸É¥³¥ π+π−. ˆÌ ¸ÊÐ¥¸É¢μ¢ ´¨¥ ³μ¦¥É ¶·μÖ¸´¨ÉÓ ¸¢μ°¸É¢  ¸± ²Ö·´ÒÌ ³¥§μ´μ¢ (É ±
´ §Ò¢ ¥³ÒÌ σ0-³¥§μ´μ¢), ¨¸¸²¥¤μ¢ ´¨¥ ±μÉμ·ÒÌ ¢ ¦´μ ± ± ¸ ÉμÎ±¨ §·¥´¨Ö ¨§ÊÎ¥´¨Ö ³¥Ì -
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´¨§³  ·¥ ²¨§ Í¨¨ ±¨· ²Ó´μ° ¸¨³³¥É·¨¨ ¨ ¸¢Ö§ ´´μ£μ ¸ ÔÉ¨³ ³¥Ì ´¨§³  ¤¥±μ´Ë °´³¥´É 
 ¤·μ´μ¢, É ± ¨ ¸ ÉμÎ±¨ §·¥´¨Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·¨ÉÖ£¨¢ ÕÐ¥° Î ¸É¨ ´Ê±²μ´-´Ê±²μ´´μ£μ
¶μÉ¥´Í¨ ²  [1].

Š ± ¶μ¤Î¥·±´ÊÉμ ¢ · ¡μÉ¥ [2], ²¥£±¨¥ ¸± ²Ö·´Ò¥ ³¥§μ´Ò ¸μ¸É ¢²ÖÕÉ Ì¨££¸μ¢¸±¨°
¸¥±Éμ· ¸¨²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°, μ¡¥¸¶¥Î¨¢ ÕÐ¨° ±μ´¥Î´Ò¥ ³ ¸¸Ò ¢¸¥Ì ²¥£±¨Ì  ¤·μ´μ¢
· §´ÒÌ ¸μ·Éμ¢ (¸ μ¤´μ¢·¥³¥´´Ò³ ¨¸Î¥§´μ¢¥´¨¥³ ³ ¸¸Ò Ê π-³¥§μ´ ).

„²Ö ¶·μÖ¸´¥´¨Ö ÔÉ¨Ì ¶·¨´Í¨¶¨ ²Ó´ÒÌ ¢μ¶·μ¸μ¢ ´¥μ¡Ìμ¤¨³μ ÉÐ É¥²Ó´μ¥ ¨§ÊÎ¥´¨¥
¸¢μ°¸É¢ σ0-³¥§μ´μ¢,   É ±¦¥ μ¶·¥¤¥²¥´¨¥ ¨Ì ¸É·Ê±ÉÊ·Ò.

�É¨³ ¢μ¶·μ¸ ³ ¶μ¸¢ÖÐ¥´μ ³´μ¦¥¸É¢μ ¶Ê¡²¨± Í¨°. ŒÒ μÉ¸Ò² ¥³ Î¨É É¥²Ö ± μ¡§μ·-
´μ° ¸É ÉÓ¥ ¨§ PDG [3 ]. �¤´ ±μ μ¡§μ· É¥μ·¥É¨Î¥¸±¨Ì · ¡μÉ [3 ] ± ¸ ¥É¸Ö ±¢ ·±-£²Õμ´´μ°
± ·É¨´Ò ¸É·μ¥´¨Ö ¸± ²Ö·´ÒÌ ³¥§μ´μ¢. ‚ ´¨Ì σ0-³¥§μ´Ò · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ¶μ¸É·μ¥´-
´Ò¥ ¨§ ¤¢ÊÌ ¨²¨ Î¥ÉÒ·¥Ì ±¢ ·±μ¢, ± ± £²Õ¡μ²Ò, ± ± μ¡Ñ¥¤¨´¥´¨¥ ±¢ ·±μ¢ ¢ ¤¨±¢ ·-
±¨ ¨ É. ¤.

‘ÊÐ¥¸É¢ÊÕÉ ¨ ¤·Ê£¨¥ ¶μ¤Ìμ¤Ò ± ¶·μ¡²¥³¥. �Éμ ¶·¥¤¸± § ´¨Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¨
¸¢μ°¸É¢ ·¥§μ´ ´¸μ¢ ¸ ÉμÎ±¨ §·¥´¨Ö ³´μ£μ³¥·´μ£μ ¶·μ¸É· ´¸É¢  [4], ¶·¥¤¸± § ´¨Ö ¶μ¸²¥-
¤μ¢ É¥²Ó´μ¸É¨ ·¥§μ´ ´¸μ¢, ¶μ²ÊÎ¥´´Ò¥ ¨§ Ëμ·³Ê² ±¢ §¨±² ¸¸¨Î¥¸±μ£μ ±¢ ´Éμ¢ ´¨Ö [5],
¨¸¸²¥¤μ¢ ´¨¥ ¸¢μ°¸É¢ ¨´¸É ´Éμ´´μ£μ ¢ ±ÊÊ³  [6].

’ ±μ¥ ³´μ£μμ¡· §¨¥ É¥μ·¥É¨Î¥¸±¨Ì ¶μ¤Ìμ¤μ¢ £μ¢μ·¨É μ Éμ³, ÎÉμ ¶μ´¨³ ´¨Ö ¸¢μ°¸É¢
¨ ¸É·Ê±ÉÊ·Ò σ0-³¥§μ´μ¢ ¶μ±  ´¥ ¸ÊÐ¥¸É¢Ê¥É.

‘¢Ö§ ´μ ÔÉμ, ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó, ¸ μÉ¸ÊÉ¸É¢¨¥³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢ · °μ´¥
³ ¸¸, ³¥´ÓÏ¨Ì 1 ƒÔ‚/¸2. ‚μ¶·μ¸ ¶·¨μ¡·¥É ¥É ¥Ð¥ ¡μ²ÓÏÊÕ  ±ÉÊ ²Ó´μ¸ÉÓ ¢ ¸¢Ö§¨ ¸
¶² ´¨·μ¢ ´¨¥³ ¨¸¸²¥¤μ¢ ´¨° ¸³¥Ï ´´μ° Ë §Ò ¢ ‹”‚� �ˆŸˆ [7], ¶² ´¨·μ¢ ´¨¥³ ¨
¶·μ¢¥¤¥´¨¥³ É ±¨Ì ¨¸¸²¥¤μ¢ ´¨° ´  ¤·Ê£¨Ì Ê¸±μ·¨É¥²ÖÌ ³¨· , ¢ Éμ³ Î¨¸²¥ ´  Ê¸É ´μ¢±¥
HADES [8], £¤¥ ³μ¦¥É ¡ÒÉÓ ´ ¡· ´  ¡μ²ÓÏ Ö ¸É É¨¸É¨± .

Œ ²μ³ ¸¸μ¢Ò° σ0-³¥§μ´ ³μ¦¥É Ö¢¨ÉÓ¸Ö ³μÐ´Ò³ ¸·¥¤¸É¢μ³ ¨§ÊÎ¥´¨Ö ´μ¢ÒÌ ¸μ¸ÉμÖ-
´¨° ¢¥Ð¥¸É¢ . �¥±μÉμ·Ò¥ ¶·¥¤¸± § ´¨Ö μ¡ ¨§³¥´¥´¨¨ ¸¢μ°¸É¢ σ0-³¥§μ´μ¢ ¢ ¶¥·¥Ìμ¤´ÒÌ
·¥¦¨³ Ì ¶μ²ÊÎ¥´Ò ¢ ¸É ÉÓ¥ [9].

1. �…�Š–ˆŸ np → npπ+π− ��ˆ Pn = (5,20 ± 0,12) ƒÔ‚/¸

„ ´´ Ö ¸É ÉÓÖ ¶·μ¤μ²¦ ¥É ¸¥·¨Õ · ¡μÉ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ·¥§μ´ ´¸μ¢ ¢ ¸¨¸É¥³¥ π+π−

¢ ·¥ ±Í¨¨ np → npπ+π− ¶·¨ · §²¨Î´ÒÌ ¨³¶Ê²Ó¸ Ì ´ ²¥É ÕÐ¥£μ ´¥°É·μ´  [10Ä12].
‚ · ¡μÉ¥ [12] μ¶¨¸ ´μ ¶μ²ÊÎ¥´¨¥ ¨ ¶·μ¢¥¤¥´¨¥ ¤μ ³¨Ï¥´¨ ´¥°É·μ´´μ£μ ¶ÊÎ± , ¶·¨¢¥-

¤¥´Ò ³¥Éμ¤¨Î¥¸±¨¥ ¶·¨¥³Ò ¢Ò¤¥²¥´¨Ö ± ´ ²μ¢ ·¥ ±Í¨°, ¶ · ³¥É·Ò ¶ÊÎ±μ¢ ¨ ¢Éμ·¨Î´ÒÌ
É·¥±μ¢, ¶μ¤·μ¡´μ μ¶¨¸ ´μ μ¶·¥¤¥²¥´¨¥ ±¢ ´Éμ¢ÒÌ Î¨¸¥², ¶· ¢¨²  ¶μ²ÊÎ¥´¨Ö ¶μ²¨´μ³¨-
 ²Ó´ÒÌ Ëμ´μ¢ÒÌ ±·¨¢ÒÌ, ¶·¥¤¸É ¢²¥´  ¶·¨³¥´Ö¥³ Ö OPER-³μ¤¥²Ó,   É ±¦¥ ¤ ´Ò ¸¸Ò²±¨
´  ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ²¨É¥· ÉÊ·Ê.

�·¨¢μ¤¨³Ò¥ ´¨¦¥ ¤ ´´Ò¥ Å ·¥§Ê²ÓÉ É μ¡²ÊÎ¥´¨Ö μ¤´μ³¥É·μ¢μ° ¢μ¤μ·μ¤´μ° ¶Ê-
§Ò·Ó±μ¢μ° ± ³¥·Ò ‹‚� �ˆŸˆ ¶ÊÎ±μ³ ±¢ §¨³μ´μÌ·μ³ É¨Î¥¸±¨Ì ´¥°É·μ´μ¢ ¶·¨ Pn =
(5,20 ± 0,12) ƒÔ‚/¸ [12].

‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´Ò ¸μ¡ÒÉ¨Ö ¨§ ·¥ ±Í¨¨ np → npπ+π− ¶·¨ Pn = (5,20 ±
0,12) ƒÔ‚/¸, ¢Ò¤¥²¥´´μ° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μÍ¥¤Ê·Ò, μ¸´μ¢ ´´μ° ´   ´ ²¨§¥ ¢¥²¨Î¨´Ò
χ2 ¤²Ö ± ¦¤μ£μ ¸μ¡ÒÉ¨Ö (³¥Éμ¤ χ2), ¸ ¤μ¶μ²´¨É¥²Ó´Ò³ Ê¸²μ¢¨¥³ χ2 < 1,5. �·μ¢¥¤¥´μ
μ¡·¥§ ´¨¥ ¶μ ¢μ¸¸É ´μ¢²¥´´μ° ´¥¤μ¸É ÕÐ¥° ³ ¸¸¥ ¢Éμ·¨Î´μ£μ ´¥°É·μ´ .
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�¨¸. 1.  ) � ¸¶·¥¤¥²¥´¨¥ χ2 ¤²Ö ·¥ ±Í¨¨ np → npπ+π− ¶·¨ Pn = 5,20 ƒÔ‚/c. ƒ¨¸Éμ£· ³³  Å

Ô±¸¶¥·¨³¥´É ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥; ±·¨¢ Ö Å ¸É ´¤ ·É´μ¥ · ¸¶·¥¤¥²¥´¨¥ χ2 ¸ μ¤´μ° ¸É¥¶¥´ÓÕ
¸¢μ¡μ¤Ò. ¡) � ¸¶·¥¤¥²¥´¨¥ ´¥¤μ¸É ÕÐ¨Ì ³ ¸¸ ¢ ¸μ¡ÒÉ¨ÖÌ, μÉμ¡· ´´ÒÌ ¸ χ2 < 1,5 ¤²Ö ·¥ ±Í¨¨

np → npπ+π− ¶·¨ Pn = 5,20 ƒÔ‚/c. �É³¥Î¥´Ò ¶μ²μ¦¥´¨Ö ³ ±¸¨³Ê³  ¨ Ï¨·¨´  ´  ¶μ²Ê¢Ò¸μÉ¥

� ¸¶·¥¤¥²¥´¨¥ §´ Î¥´¨° χ2 ¤²Ö ¸μ¡ÒÉ¨° Ê± § ´´μ° ·¥ ±Í¨¨ ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 1,  .
’ ³ ¦¥ ¶·¨¢¥¤¥´μ ¸É ´¤ ·É´μ¥ · ¸¶·¥¤¥²¥´¨¥ χ2 ¸ μ¤´μ° ¸É¥¶¥´ÓÕ ¸¢μ¡μ¤Ò. � ¸¶·¥¤¥-
²¥´¨¥ §´ Î¥´¨° χ2 ¤²Ö ¸μ¡ÒÉ¨° ·¥ ±Í¨¨ ¶·¥¢ÒÏ ¥É, ÌμÉÓ ¨ ´¥§´ Î¨É¥²Ó´μ, ¸É ´¤ ·É´μ¥
· ¸¶·¥¤¥²¥´¨¥ χ2 ¸ μ¤´μ° ¸É¥¶¥´ÓÕ ¸¢μ¡μ¤Ò, ´ Î¨´ Ö ¸μ §´ Î¥´¨Ö χ2 � 1,5. �Éμ ³μ¦¥É
μ§´ Î ÉÓ, ÎÉμ ¢ £·Ê¶¶¥ ¸μ¡ÒÉ¨° ¸ χ2 � 1,5 ³μ£ÊÉ ¶·¨¸ÊÉ¸É¢μ¢ ÉÓ ´¥±μ··¥±É´μ μÉ´¥¸¥´´Ò¥
± ¨¸¸²¥¤Ê¥³μ° ·¥ ±Í¨¨. ƒ·Ê¶¶  ¸μ¡ÒÉ¨° ¸ χ2 � 1,5 É·¥¡Ê¥É ¤ ²Ó´¥°Ï¥£μ ¨¸¸²¥¤μ¢ ´¨Ö.
�μÔÉμ³Ê ¢ ¤ ´´μ° · ¡μÉ¥ ¢¢¥¤¥´μ μ£· ´¨Î¥´¨¥ Å ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸μ¡ÒÉ¨Ö ¸ χ2 < 1,5
(§ ±· Ï¥´´ Ö μ¡² ¸ÉÓ ´  ·¨¸. 1, a).

�  ·¨¸. 1, ¡ ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥ ´¥¤μ¸É ÕÐ¨Ì ³ ¸¸ ¢ ¸μ¡ÒÉ¨ÖÌ ¸ χ2 < 1,5.
‚¨¤´μ, ÎÉμ μ´μ ¨³¥¥É ³ ±¸¨³Ê³ ¶·¨ ³ ¸¸¥ ´¥°É·μ´  ¸ ÉμÎ´μ¸ÉÓÕ 0,1 ŒÔ‚/¸2, ¸¨³-
³¥É·¨Î´μ μÉ´μ¸¨É¥²Ó´μ Í¥´É· ²Ó´μ£μ §´ Î¥´¨Ö ¨ ¨³¥¥É ¶μ²´ÊÕ Ï¨·¨´Ê ´  ¶μ²Ê¢Ò-
¸μÉ¥, · ¢´ÊÕ 20 ŒÔ‚/¸2. „²Ö ¡μ²ÓÏ¥° Ê¢¥·¥´´μ¸É¨ ¢ Î¨¸ÉμÉ¥ ³ É¥·¨ ²  ¶·μ¢¥¤¥´μ
μ¡·¥§ ´¨¥ ¶μ ¢μ¸¸É ´μ¢²¥´´μ° ´¥¤μ¸É ÕÐ¥° ³ ¸¸¥ ¢Éμ·¨Î´μ£μ ´¥°É·μ´  (§ ±· Ï¥´´ Ö
μ¡² ¸ÉÓ ´  ·¨¸. 1, ¡).

‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³¶Ê²Ó¸´Ò¥ ¨ Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¢Éμ·¨Î´ÒÌ ´¥°É·μ´μ¢, ¶·μ-
Éμ´μ¢, π+- ¨ π−-³¥§μ´μ¢ ¤²Ö μÉμ¡· ´´ÒÌ ¸μ¡ÒÉ¨° Ê¤μ¢²¥É¢μ·ÖÕÉ ¶·¥¤¸± § ´¨Ö³ ¨§μÉμ-
¶¨Î¥¸±μ° ¨´¢ ·¨ ´É´μ¸É¨ ¢ ¤ ´´μ° ·¥ ±Í¨¨.

�μ¸²¥ ¶·¨³¥´¥´¨Ö ¢¸¥Ì μ¡·¥§ ÕÐ¨Ì ¶·μÍ¥¤Ê· μÉμ¡· ´μ 25650 ¸²ÊÎ ¥¢ ·¥ ±Í¨¨ np →
npπ+π− ¶·¨ Pn = (5,20 ± 0,12) ƒÔ‚/c, ¶μ²ÊÎ¥´´ÒÌ ¢ Ê¸²μ¢¨ÖÌ 4π-£¥μ³¥É·¨¨. �É³¥É¨³,
ÎÉμ ¶·¨³¥¸Ó μÉ ¤·Ê£¨Ì ± ´ ²μ¢ ·¥ ±Í¨° ¶· ±É¨Î¥¸±¨ μÉ¸ÊÉ¸É¢Ê¥É.

� ´¥¥ ³Ò Ê¦¥ ¨¸¸²¥¤μ¢ ²¨ ·¥ ±Í¨Õ np → npπ+π− [13] ¨ ¶μ± § ²¨, ÎÉμ ¢ ´¥° £² ¢´Ò³
Ö¢²Ö¥É¸Ö ³¥Ì ´¨§³ μ¤´μ¶¨μ´´μ£μ μ¡³¥´ , ±μÉμ·Ò° ¶·¨¢μ¤¨É ± ³´μ¦¥¸É¢¥´´μ³Ê ·μ¦¤¥-
´¨Õ Δ++- ¨ Δ−-¨§μ¡ · (¤μ 70 % ¸¥Î¥´¨Ö ·¥ ±Í¨¨). �¸´μ¢´μ° ¢±² ¤ μ¤´μ¶¨μ´´Ò° μ¡³¥´
¤ ¥É ¢ ¸²ÊÎ ¨, ±μ£¤  ´¥°É·μ´ ²¥É¨É ¢ ¶¥·¥¤´ÕÕ ¶μ²Ê¸Ë¥·Ê ¢ ¸. Í. ³. ·¥ ±Í¨¨.
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�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´μ · ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ π+π− ¤²Ö ¸²ÊÎ ¥¢
¸ cos θ∗n > 0. �¨± ±¨Ì μ¸μ¡¥´´μ¸É¥° ´¥ ¢¨¤´μ. �μ²¨´μ³ 9-° ¸É¥¶¥´¨ (¸¶²μÏ´ Ö ±·¨¢ Ö)
μ¶¨¸Ò¢ ¥É · ¸¶·¥¤¥²¥´¨¥ ¸ χ2 = 1,02 ± 0,15 ¨

√
D = 1,51 ± 0,11.

�  · ¸¶·¥¤¥²¥´¨¥ ´  ·¨¸. 2 ´ ²μ¦¥´  É ±¦¥ Ëμ´μ¢ Ö ±·¨¢ Ö, ¶μ²ÊÎ¥´´ Ö ¸ ¶μ³μÐÓÕ
OPER-³μ¤¥²¨ [12] (ÏÉ·¨Ìμ¢ Ö ±·¨¢ Ö). �É  ±·¨¢ Ö μ¶¨¸Ò¢ ¥É · ¸¶·¥¤¥²¥´¨¥ ¸ χ2 =
1,07 ± 0,15 ¨

√
D = 1,60 ± 0,11.

�  ·¨¸. 3 ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ π+π− ¤²Ö ¸²ÊÎ ¥¢ ¸ cos θ∗p > 0,
É. ¥. ¤²Ö ¸²ÊÎ ¥¢, ±μ£¤  ¢ ¶¥·¥¤´ÕÕ ¶μ²Ê¸Ë¥·Ê ¢ μ¡Ð¥° ¸. Í. ³. ²¥É¨É ¢Éμ·¨Î´Ò° ¶·μÉμ´.

�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ π+π− ¤²Ö ¸²ÊÎ ¥¢ ¸ cos θ∗
n > 0. ‘¶²μÏ´ Ö ²¨´¨Ö Å

¸Ê³³  ¶μ²¨´μ³μ¢ ‹¥¦ ´¤·  ¤μ ¤¥¢ÖÉμ° ¸É¥¶¥´¨ ¢±²ÕÎ¨É¥²Ó´μ, ÏÉ·¨Ìμ¢ Ö Å Ëμ´μ¢ Ö ±·¨¢ Ö,

¶μ²ÊÎ¥´´ Ö ¸ ¶μ³μÐÓÕ OPER-³μ¤¥²¨

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ π+π−. ‘¶²μÏ´ Ö Éμ´± Ö ²¨´¨Ö Å ¶μ²¨´μ³¨ ²Ó´μ¥ μ¶¨-

¸ ´¨¥ ¢´¥·¥§μ´ ´¸´ÒÌ (Ëμ´μ¢ÒÌ) μ¡² ¸É¥°; ¸¶²μÏ´ Ö Éμ²¸É Ö ²¨´¨Ö Å μ¶¨¸ ´¨¥ · ¸¶·¥¤¥²¥´¨Ö
¶μ²¨´μ³¨ ²Ó´μ° Ëμ´μ¢μ° ±·¨¢μ° ¨ ¤¥¢ÖÉÓÕ ·¥§μ´ ´¸´Ò³¨ ±·¨¢Ò³¨, ¢§ÖÉÒ³¨ ¢ Ëμ·³¥ 
·¥°É Ä

‚¨£´¥· ; ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö Å Ëμ´μ¢ Ö ±·¨¢ Ö, ¶μ²ÊÎ¥´´ Ö ¸ ¶μ³μÐÓÕ OPER-³μ¤¥²¨
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�μ²´Ò° ¢±² ¤ Δ++- ¨ Δ−-¨§μ¡ · ¢ É ±¨¥ ¸²ÊÎ ¨ ´¥ ¶·¥¢ÒÏ ¥É 17% (· ¸Î¥ÉÒ ¶μ OPER-
³μ¤¥²¨ [13]), ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¸¨²Ó´μ ¸´¨¦ ¥É¸Ö Ëμ´ ¤²Ö ¨¸¸²¥¤Ê¥³ÒÌ ÔËË¥±Éμ¢.

‚¨¤´μ ¸¨²Ó´μ¥ μÉ²¨Î¨¥ · ¸¶·¥¤¥²¥´¨Ö ´  ·¨¸. 3 μÉ · ¸¶·¥¤¥²¥´¨Ö ´  ·¨¸. 2.
�μ¸²¥ μÉ¡μ·  ¸μ¡ÒÉ¨° ¸ cos θ∗p > 0 μ¸É ²μ¸Ó 7647 ¸²ÊÎ ¥¢.
� ¸¶·¥¤¥²¥´¨¥ ´  ·¨¸. 3 μ¶¨¸Ò¢ ²μ¸Ó ¸Ê³³μ° ¶μ²¨´μ³μ¢ ‹¥¦ ´¤·  ¤μ ¤¥¢ÖÉμ° ¸É¥-

¶¥´¨ ¢±²ÕÎ¨É¥²Ó´μ ¨ ¤¥¢ÖÉÓÕ ·¥§μ´ ´¸´Ò³¨ ±·¨¢Ò³¨, ¢§ÖÉÒ³¨ ¢ Ëμ·³¥ 
·¥°É Ä‚¨£´¥· 
(¸¶²μÏ´ Ö Éμ²¸É Ö ±·¨¢ Ö) É ±, ± ± ¨§²μ¦¥´μ ¢ [12]. ‘É·¥²± ³¨ ´  £· Ë¨±¥ μÉ³¥Î¥´Ò
¶μ¤μ¡· ´´Ò¥ Ë¨Éμ³ Í¥´É· ²Ó´Ò¥ §´ Î¥´¨Ö ³ ¸¸.

”μ´ (¸¶²μÏ´ Ö Éμ´± Ö ±·¨¢ Ö) ¸μ¸É ¢²Ö¥É 89% ¢¸¥£μ · ¸¶·¥¤¥²¥´¨Ö ¨ μ¶¨¸Ò¢ ¥É¸Ö ¸
χ2 = 0,97 ± 0,24 ¨

√
D = 1,36 ± 0,17. �É  ¦¥ Ëμ´μ¢ Ö ±·¨¢ Ö, ´μ·³¨·μ¢ ´´ Ö ´  100%

¸μ¡ÒÉ¨° ¢ £· Ë¨±¥, μ¶¨¸Ò¢ ¥É · ¸¶·¥¤¥²¥´¨¥ ¸ χ2 = 1,26 ± 0,15 ¨
√

D = 1,59 ± 0,11
(¤μ¢¥·¨É¥²Ó´Ò° Ê·μ¢¥´Ó 9 %).

�  · ¸¶·¥¤¥²¥´¨¥ ´  ·¨¸. 3 ´ ²μ¦¥´  ¥Ð¥ μ¤´  Ëμ´μ¢ Ö ±·¨¢ Ö, ¶μ²ÊÎ¥´´ Ö ¸ ¶μ³μ-
ÐÓÕ OPER-³μ¤¥²¨ (ÏÉ·¨Ìμ¢ Ö ±·¨¢ Ö). �É  ±·¨¢ Ö μ¶¨¸Ò¢ ¥É Ëμ´ ¸ χ2 = 0,95± 0,24 ¨√

D = 1,45± 0,17,   ´μ·³¨·μ¢ ´´ Ö ´  100% ¸μ¡ÒÉ¨° ¢ £· Ë¨±¥ μ¶¨¸Ò¢ ¥É · ¸¶·¥¤¥²¥-
´¨¥ ¸ χ2 = 1,24 ± 0,15 ¨

√
D = 1,87 ± 0,11 (¤μ¢¥·¨É¥²Ó´Ò° Ê·μ¢¥´Ó 11%).

�¥§Ê²ÓÉ ÉÒ  ¶¶·μ±¸¨³ Í¨¨ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.

’ ¡²¨Í  1. �¥§Ê²ÓÉ ÉÒ  ¶¶·μ±¸¨³ Í¨¨ · ¸¶·¥¤¥²¥´¨Ö, ¶·¥¤¸É ¢²¥´´μ£μ ´  ·¨¸. 3

n M·¥§ ± ΔM·¥§, ŒÔ‚/c2 ΓÔ±¸¶
·¥§ ± ΔΓÔ±¸¶

·¥§ , ŒÔ‚/c2 Γ¨¸É
·¥§ ± ΔΓ¨¸É

·¥§ , ŒÔ‚/c2 σ, ³±¡ S.D.

1 350 ± 3 11 ± 8 7 ± 9 12 ± 6 3,0
2 408 ± 3 11 ± 8 7 ± 9 12 ± 6 3,5
3 489 ± 3 20 ± 10 16 ± 11 20 ± 8 4,0
4 579 ± 5 17 ± 14 7 ± 14 18 ± 8 3,8
5 676 ± 7 11 ± 14 16 ± 15 11 ± 6 3,0
6 762 ± 11 53 ± 33 48 ± 33 26 ± 8 6,1
7 878 ± 7 30 ± 14 11 ± 16 11 ± 5 3,6
8 1036 ± 13 61 ± 30 50 ± 33 15 ± 5 5,1
9 1170 ± 11 65 ± 33 51 ± 35 11 ± 4 5,8

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò M·¥§ ¨ ΓÔ±¸¶
·¥§ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ (μ¶·¥¤¥²¥´´Ò¥ Ë¨Éμ³) §´ -

Î¥´¨Ö ³ ¸¸ ¨ Ï¨·¨´ ·¥§μ´ ´¸´ÒÌ ÔËË¥±Éμ¢, Γ¨¸É
·¥§ Å ¨¸É¨´´Ò¥ §´ Î¥´¨Ö Ï¨·¨´ ·¥§μ-

´ ´¸´ÒÌ ÔËË¥±Éμ¢, ¶μ²ÊÎ¥´´Ò¥ ¸ ÊÎ¥Éμ³ · §·¥Ï¥´¨Ö ¶μ ³ ¸¸ ³ [12], σ Å ¸¥Î¥´¨Ö
·¥§μ´ ´¸μ¢, ¢ÒÎ¨¸²¥´´Ò¥ ¸ ÊÎ¥Éμ³ ¸¥Î¥´¨Ö ¢¸¥£μ ± ´ ²  ·¥ ±Í¨¨ np → npπ+π− ¶·¨
Pn = (5,20 ± 0,12) ƒÔ‚/¸ (σ = (6,22 ± 0,28) ³¡) [14], ¨ S. D. Å Î¨¸²μ ¸É ´¤ ·É´ÒÌ
μÉ±²μ´¥´¨° ÔËË¥±Éμ¢ μÉ Ëμ´  (S.D.= N·¥§/NËμ´). �Ï¨¡±¨ ¢ ¶·¨¢¥¤¥´´ÒÌ §´ Î¥´¨ÖÌ
³ ¸¸, Ï¨·¨´ ¨ ¸¥Î¥´¨° ·¥§μ´ ´¸μ¢ Ö¢²ÖÕÉ¸Ö ±μ³¡¨´ Í¨¥° ³¥Éμ¤¨Î¥¸±¨Ì ¨ ¸É É¨¸É¨Î¥-
¸±¨Ì μÏ¨¡μ± ¢ ±¢ ¤· ÉÊ· Ì.

2. Š‚��’�‚›… —ˆ‘‹� �…‡����‘�‚

‡´ Î¥´¨Ö ±¢ ´Éμ¢ÒÌ Î¨¸¥² ·¥§μ´ ´¸μ¢ Å I , J , G, P , C Å ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ ¸μμÉ¢¥É-
¸É¢¨¨ ¸ ³¥Éμ¤¨±μ°, ¶·¨¢¥¤¥´´μ° ¢ [12].

‚¸¥ ·¥§Ê²ÓÉ¨·ÊÕÐ¨¥ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¨¸¸²¥¤Ê¥³ÒÌ μ¸μ¡¥´´μ¸É¥°, ¶μ¸É·μ¥´´Ò¥ ¤²Ö
μÍ¥´±¨ ¸¶¨´μ¢, ¨§μÉ·μ¶´Ò, ÎÉμ ¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ ¶·¥¤Ò¤ÊÐ¨Ì ¨¸¸²¥¤μ¢ -
´¨° [10, 11]. • · ±É¥·´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ± ¦¤μ£μ ·¥§μ´ ´¸  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4.
„²Ö ¢¸¥Ì ´ ¡²Õ¤ ¥³ÒÌ μ¸μ¡¥´´μ¸É¥°, ¸ ¡μ²ÓÏμ° ¢¥·μÖÉ´μ¸ÉÓÕ, J·¥§ = 0.
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�¨¸. 4. ƒ¨¸Éμ£· ³³Ò ¸ ¢¥²¨Î¨´ ³¨ μÏ¨¡μ± Å Ê£²μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ π+-³¥§μ´μ¢ ¨§ μ¡² ¸É¨
·¥§μ´ ´¸  ¢ ¸¶¨· ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É ¸ ¢ÒÎÉ¥´´Ò³ Ê£²μ¢Ò³ · ¸¶·¥¤¥²¥´¨¥³ π+-³¥§μ´μ¢ ¨§

μ¡² ¸É¨ Ëμ´  ¤²Ö ·¥§μ´ ´¸μ¢ ¶·¨ ³ ¸¸ Ì Mπ+π− : a) 350 ŒÔ‚/c2; ¡) 408 ŒÔ‚/c2; ¢) 489 ŒÔ‚/c2;

£) 579 ŒÔ‚/c2; ¤) 676 ŒÔ‚/c2; ¥) 762 ŒÔ‚/c2; ¦) 878 ŒÔ‚/c2; §) 1036 ŒÔ‚/c2; ¨) 1170 ŒÔ‚/c2.
‘¶²μÏ´Ò¥ ¶·Ö³Ò¥ ²¨´¨¨ Å ´ ¨¡μ²¥¥ ¢¥·μÖÉ´Ò¥ μ¶¨¸ ´¨Ö · ¸¶·¥¤¥²¥´¨°

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ²μ£¨±μ°, ¨§²μ¦¥´´μ° ¢ [12] ¤²Ö μ¶·¥¤¥²¥´¨Ö I , ´ ³¨ ¡Ò²¨ ¨§ÊÎ¥´Ò
¸¨¸É¥³Ò π−π0 ¨§ ·¥ ±Í¨¨ np → ppπ−π0 [10] ¨ π−π− ¨§ ·¥ ±Í¨¨ np → ppπ+π−π− [15].
ŒÒ ´¥ ´ ¡²Õ¤ ¥³ μ¸μ¡¥´´μ¸É¥° ¶·¨ ³ ¸¸ Ì, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶·¥¤¸É ¢²¥´´Ò³ ´  ·¨¸. 3,
´¨ ¢ ±μ³¡¨´ Í¨ÖÌ π−π0, ´¨ ¢ ¸¶¥±É·¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ π−π−. Š·μ³¥ Éμ£μ, μ¶·¥¤¥-
²¥´´Ò¥ ¤²Ö π−π−-ÔËË¥±Éμ¢ §´ Î¥´¨Ö ¸¶¨´μ¢ ¸¨²Ó´μ μÉ²¨Î ÕÉ¸Ö μÉ ´Ê²¥¢ÒÌ §´ Î¥´¨°.
’ ±¨³ μ¡· §μ³, §´ Î¥´¨¥ ¨§μÉμ¶¨Î¥¸±μ£μ ¸¶¨´  ¤²Ö ¨¸¸²¥¤Ê¥³ÒÌ ·¥§μ´ ´¸μ¢ μ¶·¥¤¥²Ö-
¥É¸Ö ± ± I = 0.

ˆ§ ¢ÒÏ¥¸± § ´´μ£μ ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¢¸¥ ´ ¡²Õ¤ ¥³Ò¥ ´ ³¨ μ¸μ¡¥´´μ¸É¨,
¸ ¡μ²ÓÏμ° ¤μ²¥° ¢¥·μÖÉ´μ¸É¨, ¨³¥ÕÉ ±¢ ´Éμ¢Ò¥ Î¨¸²  σ0-³¥§μ´  IG(JPC) = 0+(0++).

3. ‘��‚�…�ˆ… ‘ „�“ƒˆŒˆ �Š‘�…�ˆŒ…�’�Œˆ

‘ÊÐ¥¸É¢Ê¥É ´¥±μÉμ·μ¥ ±μ²¨Î¥¸É¢μ Ô±¸¶¥·¨³¥´Éμ¢, ¸ ±μÉμ·Ò³¨ ³μ¦´μ ¡Ò²μ ¡Ò ¸· ¢-
´¨ÉÓ ´ Ï¨ ·¥§Ê²ÓÉ ÉÒ.

�·¥¦¤¥ ¢¸¥£μ ÔÉμ Ô±¸¶¥·¨³¥´É, ¢ ±μÉμ·μ³ ¡Ò² ´ ¡²Õ¤¥´ É ± ´ §Ò¢ ¥³Ò° �‚‘-
ÔËË¥±É [16]. ‚ ´¥³, ¢ · §´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ, ¡Ò² μ¡´ ·Ê¦¥´ ¶¨± ¶·¨ ³ ¸¸¥
M = 350 ŒÔ‚/c2. �μ¤μ¡´Ò° ÔËË¥±É ´ °¤¥´ ´ ³¨ ¢ ·¥ ±Í¨¨ np → dπ+π− ¶·¨
Pn = (1,73 ± 0,04) ƒÔ‚/¸ [17]. �¡´ ·Ê¦¥´´Ò° ´ ³¨ ÔËË¥±É ¢ ¸¨¸É¥³¥ π+π− ´ Ìμ¤¨É¸Ö
¢ μ¡² ¸É¨ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ Mπ+π− ≈ 400 ŒÔ‚/c2.

�¥§μ´ ´¸´ Ö μ¸μ¡¥´´μ¸ÉÓ ¶·¨ ³ ¸¸¥ Mγγ = 360 ŒÔ‚/c2 ¡Ò²  μ¡´ ·Ê¦¥´  ¢ ¸¶¥±-
É·¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ 2γ-±¢ ´Éμ¢ ¢ dC-¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨ ¨³¶Ê²Ó¸¥ 2,75 ƒÔ‚ ´  ´Ê-
±²μ´ [18].
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‚ · ¸¶·¥¤¥²¥´¨¨ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ 2γ-±¢ ´Éμ¢ ¢ ¤¢ÊÌ³¥É·μ¢μ° ¶·μ¶ ´μ¢μ° ± ³¥·¥
μ¡´ ·Ê¦¥´Ò ÔËË¥±ÉÒ ¶·¨ Mγγ = 350 ŒÔ‚/c2. ‚ ¨³¶Ê²Ó¸´μ³ · ¸¶·¥¤¥²¥´¨¨ γ-±¢ ´Éμ¢
μ¡´ ·Ê¦¥´Ò ¶¨±¨, ±μÉμ·Ò¥ ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ, ¥¸²¨ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ μ¡· §ÊÕÉ¸Ö ·¥§μ-
´ ´¸Ò ¶·¨ ³ ¸¸ Ì Mγγ = 350 ŒÔ‚/c2, ±μÉμ·Ò¥ · ¸¶ ¤ ÕÉ¸Ö ´  ¤¢  γ-±¢ ´É  [19].

� ¡²Õ¤¥´¨¥ ¨ ¨¸¸²¥¤μ¢ ´¨¥ ÔËË¥±É  ¶·¨ ³ ¸¸¥ 404 ŒÔ‚/c2 ¸ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨
σ0-³¥§μ´  ¢ ·¥ ±Í¨¨ np → npπ+π− ¶·¨ Pn = 3,83 ƒÔ‚/¸ μ¶¨¸ ´μ ¢ [12].

‘± ²Ö·´Ò° ¶μ²Õ¸ ¶·¨ ³ ¸¸¥ 489 ŒÔ‚/c2 ¡Ò² μ¡´ ·Ê¦¥´ ¶·¨ Ë §μ¢μ³  ´ ²¨§¥ ¸μ¡Ò-
É¨° μÉ · ¸¶ ¤  K0

s -³¥§μ´μ¢ ´  2 π-³¥§μ´  ¨ 4 ²¥¶Éμ´  [20]. �¤´ ±μ Ï¨·¨´  ·¥§μ´ ´¸ 
μÎ¥´Ó ¡μ²ÓÏ Ö Å Γ/2 = 264 ŒÔ‚/¸2. ’ ±¦¥ ´ ¡²Õ¤ ²¸Ö ¶μ²Õ¸ ¢ ¸¨¸É¥³¥ π+π− ¶·¨
³ ¸¸¥ 478 ŒÔ‚/c2 ¢ · ¸¶ ¤¥ D+ → π+π+π− [21].

“§±¨°, ¸ Ï¨·¨´μ° 30 ŒÔ‚/¸2, ¶¨± ¢ ¸¨¸É¥³¥ π+π− ¶·¨ ³ ¸¸¥ μ±μ²μ 755 ŒÔ‚/c2

Ìμ·μÏμ ¢Ò¤¥²¥´ ¢  ´´¨£¨²ÖÍ¨¨ p̄n → 2π+3π− [22].
� ±μ´¥Í, μÉ³¥É¨³ É ¡²¨ÍÒ ¨§ PDG [3¡] ¸ ·¥§Ê²ÓÉ É ³¨ K-³ É·¨Î´μ£μ  ´ ²¨§  ·Ö¤ 

Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¶μ¨¸±Ê ³ ²μ³ ¸¸μ¢ÒÌ π+π−-μ¸μ¡¥´´μ¸É¥°. �·¥¤¸É ¢²¥´´Ò¥ ¢ ´¨Ì §´ -
Î¥´¨Ö ³ ¸¸ Ìμ·μÏμ ¸μ¢¶ ¤ ÕÉ ¸ ´ Ï¨³¨ ´ ¡²Õ¤¥´¨Ö³¨, ´μ Ï¨·¨´Ò ·¥§μ´ ´¸μ¢ μÎ¥´Ó
¢¥²¨±¨. ‚ ÔÉ¨ ¦¥ É ¡²¨ÍÒ ¸μ¸É ¢¨É¥²Ö³¨ ¢´¥¸¥´Ò (¸ μÉ³¥É±μ° ®no PWA¯) ¨ ´ Ï¨ ¤ ´´Ò¥
¨§ [10], ± ¸ ÕÐ¨¥¸Ö ·¥§μ´ ´¸  ¸ ³ ¸¸μ° Mπ+π− = 759 ŒÔ‚/c2 ¨ ¶μ²ÊÎ¥´´Ò¥ ¢ ¶·Ö³μ³
¨¸¸²¥¤μ¢ ´¨¨ ³ ¸¸μ¢μ£μ ¸¶¥±É· .

4. ”…��Œ…��‹�ƒˆ—…‘Š�… ��ˆ‘��ˆ…
��‘‹…„�‚�’…‹œ��‘’ˆ ‘Š�‹Ÿ��›• �…‡����‘�‚

ŒÒ ¶·¥¤¶·¨´Ö²¨ ¶μ¶ÒÉ±Ê Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¸± -
²Ö·´ÒÌ f0(σ0)-·¥§μ´ ´¸μ¢ ¸ ÊÎ¥Éμ³ ± ± ¶·¥¤¸É ¢²¥´´ÒÌ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ·¥§μ´ ´¸´ÒÌ
ÔËË¥±Éμ¢, É ± ¨ ¤ ´´ÒÌ, ¶·¨¢¥¤¥´´ÒÌ ¢ PDG [3¢].

ˆ§  ´ ²¨§  ¢¸¥Ì ¤ ´´ÒÌ ¢¨¤´μ, ÎÉμ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ·¥§μ´ ´¸ ³¨ ¨§³¥´Ö¥É¸Ö ¤μ-
¢μ²Ó´μ ¸²μ¦´Ò³ μ¡· §μ³. �Éμ ´ ¢μ¤¨É ´  ³Ò¸²Ó μ ¸ÊÐ¥¸É¢μ¢ ´¨¨ ´¥¸±μ²Ó±¨Ì É· ¥±Éμ-
·¨°, μ¶¨¸Ò¢ ÕÐ¨Ì Ê¢¥²¨Î¨¢ ÕÐ¨¥¸Ö ³ ¸¸Ò ·¥§μ´ ´¸μ¢.

„²Ö  ¶¶·μ±¸¨³ Í¨¨ ¢Ò¡· ´  Ëμ·³ 

Mn = M0 + x
n(n + 1)

2
, (1)

�¨¸. 5. ‘Ì¥³ É¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥,

¸μ£² ¸´μ Ëμ·³¥ (1), ³ ¸¸Ò ·¥§μ´ ´¸ 

´μ³¥· n ¢ ¢¨¤¥ ¸Ê³³Ò ¶μ¸²¥¤μ¢ É¥²Ó-
´μ¸É¥° ¢μ§¡Ê¦¤¥´¨° ¸¨²μ° x

£¤¥ M0 Å ´ Î ²Ó´μ¥ ¢μ§¡Ê¦¤¥´¨¥ É· ¥±Éμ·¨¨;
x Å ¶ · ³¥É· ¢μ§¡Ê¦¤¥´¨Ö; n Å ´μ³¥· ·¥§μ´ ´¸ 
´  É· ¥±Éμ·¨¨. —²¥´ ¢¨¤  n(n + 1)/2 ¢μ§´¨± ¥É
¶·¨ ¸Ê³³¨·μ¢ ´¨¨ Î²¥´μ¢ ´ ÉÊ· ²Ó´μ£μ ·Ö¤  Î¨-
¸¥² μÉ 1 ¤μ n. ’ ±¨³ μ¡· §μ³, ³ ¸¸  ·¥§μ´ ´¸ 
´μ³¥· n ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¸Ì¥³ É¨Î¥¸±¨ ¢
¢¨¤¥ ¸Ê³³Ò ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¥° ¢μ§¡Ê¦¤¥´¨° ¸¨-
²μ° x. �·μ¸Ê³³¨·μ¢ ¢ ¢¸¥ Í¥¶μÎ±¨, ¶μ²ÊÎ¨³ Ëμ·-
³Ê (1), ¶·¥¤¸É ¢²¥´´ÊÕ ´  ·¨¸. 5.

� ³¨ ¡Ò²¨ ¶μ¸É·μ¥´Ò Î¥ÉÒ·¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ-
¸É¨ ·¥§μ´ ´¸μ¢, ¤²Ö ±μÉμ·ÒÌ ¶μ¤μ¡· ´Ò §´ Î¥´¨Ö
M i

0 ¨ xi (§¤¥¸Ó i Å ´μ³¥· ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨).
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’ ¡²¨Í  2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨ ¢ÒÎ¨¸²¥´´Ò¥, ¢ § ¢¨¸¨³μ¸É¨ μÉ ´μ³¥·  n ¢ ± ¦¤μ° ¨§ ¶μ¸²¥-
¤μ¢ É¥²Ó´μ¸É¥° (É· ¥±Éμ·¨°), §´ Î¥´¨Ö ³ ¸¸ ¸± ²Ö·´ÒÌ ·¥§μ´ ´¸μ¢

n n(n+1)
2

M ¢ÒÎ
·¥§ , ŒÔ‚/c2 M Ô±¸¶

·¥§ ± ΔM Ô±¸¶
·¥§ , ŒÔ‚/c2 n n(n+1)

2
M ¢ÒÎ

·¥§ , ŒÔ‚/c2 M Ô±¸¶
·¥§ ± ΔM Ô±¸¶

·¥§ , ŒÔ‚/c2

’· ¥±Éμ·¨Ö 1 (Mn = 305 + 120n(n+1)
2

) ’· ¥±Éμ·¨Ö 2 (Mn = 350 + 136n(n+1)
2

)

0 0 305 0 0 350 353±6
1 1 425 408±5 1 1 486 489±4
2 3 665 678±3 2 3 758 764±18
3 6 1025 1036±10 3 6 1166 1168±11
4 10 1505 1505±6 4 10 1710 1724±7
5 15 2105 2103±8 5 15 2390 2330±20

’· ¥±Éμ·¨Ö 3 (Mn = 420 + 158n(n+1)
2

) ’· ¥±Éμ·¨Ö 4 (Mn = 485 + 170n(n+1)
2

)

0 0 420 408±5 0 0 485 489
1 1 578 585±6 1 1 655 678±3
2 3 894 876±4 2 3 995 980±10
3 6 1368 1370 3 6 1505 1505±6
4 10 2000 1992±16 4 10 2185 2189±13

�·¨³¥Î ´¨¥. „²Ö ± ¦¤μ° Î ¸É¨ É ¡²¨ÍÒ, μÉ´μ¸ÖÐ¥°¸Ö ± É· ¥±Éμ·¨¨ i: ¶¥·¢ Ö ±μ²μ´±  Å ´μ³¥· ·¥§μ-

´ ´¸  n ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ i; ¢Éμ· Ö Å ¸Ê³³  Î²¥´μ¢ ´ ÉÊ· ²Ó´μ£μ ·Ö¤  Î¨¸¥² μÉ 1 ¤μ n; É·¥ÉÓÖ Å ¢Ò-

Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö ³ ¸¸; Î¥É¢¥·É Ö Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ³ ¸¸ ¸± ²Ö·´ÒÌ ·¥§μ´ ´¸μ¢ (¢±²Õ-

Î Ö μÏ¨¡±¨) ± ± ¶·¨¢¥¤¥´´ÒÌ ¢ É ¡². 1, É ± ¨ ¢§ÖÉÒÌ ¨§ PDG.

�¨¸. 6. ƒ· Ë¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¶μ¤μ¡· ´´ÒÌ É· ¥±Éμ·¨° ¸μ£² ¸´μ É ¡². 2. �μ μ¸¨  ¡¸Í¨¸¸

μÉ²μ¦¥´μ §´ Î¥´¨¥ K = n(n + 1)/2, ¶μ μ¸¨ μ·¤¨´ É Å ³ ¸¸Ò f0(σ0)-³¥§μ´μ¢ ¨§ ¤ ´´ÒÌ É ¡². 1

(+) ¨ ¨§ PDG (×). �μ³¥·  É· ¥±Éμ·¨° (¸¶· ¢  ´ ²¥¢μ) ¶μ± § ´Ò ¢¢¥·ÌÊ. �±¸¶¥·¨³¥´É ²Ó´Ò¥
§´ Î¥´¨Ö ³ ¸¸ f0(σ0)-³¥§μ´μ¢ ¶·¨¢¥¤¥´Ò ¸¶· ¢ . ‚¥²¨Î¨´Ò Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ μÏ¨¡μ± ¸· ¢´¨³Ò

¸ · §³¥· ³¨ μÉ³¥Éμ± ´  £· Ë¨±¥
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‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¢ÒÎ¨¸²¥´´Ò¥ §´ Î¥´¨Ö ³ ¸¸ ·¥§μ´ ´¸μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ´μ-
³¥·  n ¤²Ö ± ¦¤μ° ¨§ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¥°, Ê± § ´Ò ´ Î ²Ó´Ò¥ ¢μ§¡Ê¦¤¥´¨Ö M i

0 ¨ ¢μ§-
¡Ê¦¤¥´¨Ö ±² ¸É¥·μ¢ xi ¨ ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ³ ¸¸ ¸± ²Ö·´ÒÌ ·¥§μ-
´ ´¸μ¢ ± ± ¨§ ´ Ï¥£μ Ô±¸¶¥·¨³¥´É , É ± ¨ ¨§ PDG [3¢].

‘Ëμ·³¨·μ¢ ´´Ò¥ Î¥ÉÒ·¥ É· ¥±Éμ·¨¨ ¸μ¤¥·¦ É ¢¸¥ ¡¥§ ¨¸±²ÕÎ¥´¨Ö ´ Ï¨ ·¥§μ´ ´¸Ò
¨ ¸± ²Ö·´Ò¥ ·¥§μ´ ´¸Ò, μÉ³¥Î¥´´Ò¥ ¢ PDG. ŒÒ μ£· ´¨Î¨²¨¸Ó ³ ¸¸ ³¨ ¤μ 2400 ŒÔ‚/c2,
É ± ± ± ¤ ²¥¥ ¤ ´´Ò¥ μÎ¥´Ó ´¥μ¶·¥¤¥²¥´´Ò¥.

�μ¤μ¡· ´´Ò¥ É· ¥±Éμ·¨¨ μÉμ¡· ¦¥´Ò ´  ·¨¸. 6, £¤¥ ¶μ μ¸¨  ¡¸Í¨¸¸ μÉ²μ¦¥´μ §´ Î¥-
´¨¥ K = n(n + 1)/2, ¶μ μ¸¨ μ·¤¨´ É Å ³ ¸¸Ò f0(σ0)-³¥§μ´μ¢ ¨§ ´ Ï¨Ì ¤ ´´ÒÌ (¶²Õ¸Ò)
¨ ¨§ PDG (±·¥¸É¨±¨). �±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ¶·¨¢¥¤¥´Ò ´  ·¨¸Ê´±¥ ¸¶· ¢ . ‚¥²¨-
Î¨´Ò Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ μÏ¨¡μ± ¸· ¢´¨³Ò ¸ · §³¥· ³¨ μÉ³¥Éμ± ´  £· Ë¨±¥.

Š ± ¨§ É ¡². 2, É ± ¨ ¨§ ·¨¸. 6 ¢¨¤´μ μÎ¥´Ó Ìμ·μÏ¥¥ ¸μ¢¶ ¤¥´¨¥ ¢ÒÎ¨¸²¥´´ÒÌ ¸
¶μ³μÐÓÕ Ëμ·³Ê²Ò (1) ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ ³ ¸¸ π+π− μÉ
¸Ê³³Ò ³ ¸¸ (280 ŒÔ‚/c2) ¤μ ³ ¸¸Ò 2400 ŒÔ‚/c2.

’ ±¨³ μ¡· §μ³, ³μ¦´μ ¤Ê³ ÉÓ, ÎÉμ ·¥§μ´ ´¸ ¸ ´μ³¥·μ³ n ¸μ¤¥·¦¨É Í¥²ÊÕ ¶μ¸²¥¤μ-
¢ É¥²Ó´μ¸ÉÓ ¢μ§¡Ê¦¤¥´¨° ±² ¸É¥·μ¢, ÔËË¥±É μÉ ±μÉμ·ÒÌ ¸±² ¤Ò¢ ¥É¸Ö ¨ ¤ ¥É ¸Ê³³ ·´μ¥
¢μ§¡Ê¦¤¥´¨¥ ¸± ²Ö·´μ£μ ¶μ²Ö.

5. �	‘“†„…�ˆ… ˆ ‚›‚�„›

� ³¨ ´ ¡²Õ¤¥´  ¸¥·¨Ö ·¥§μ´ ´¸´ÒÌ ¸μ¸ÉμÖ´¨° ¢ ¸¨¸É¥³¥ π+π−-³¥§μ´μ¢ ¢ ·¥ ±Í¨¨
np → npπ+π− ¶·¨ Pn = (5,20 ± 0,12) ƒÔ‚/¸ ¸ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨ σ0-³¥§μ´  0+(0++)
¨ ¸ ³ ¸¸ ³¨ ¢ μ¡² ¸É¨ M � 1200 ŒÔ‚/¸2. „ ´´Ò¥ μ É ±¨Ì ·¥§μ´ ´¸ Ì ¶· ±É¨Î¥¸±¨
μÉ¸ÊÉ¸É¢ÊÕÉ.

˜¨·¨´Ò ´ °¤¥´´ÒÌ μ¸μ¡¥´´μ¸É¥° ¤μ¸É ÉμÎ´μ ³ ²Ò. �Éμ ·¥§±μ ¶·μÉ¨¢μ·¥Î¨É ¤ ´-
´Ò³ Ô±¸¶¥·¨³¥´Éμ¢, μ¡· ¡μÉ ´´Ò³ ¸ ¶μ³μÐÓÕ Ë §μ¢μ£μ  ´ ²¨§ , ¢ ±μÉμ·μ³ ¶μ²ÊÎ¥´Ò
Ï¨·¨´Ò ¢ ´¥¸±μ²Ó±μ ¸μÉ¥´ ŒÔ‚/c2. ’ ±¨¥ Ï¨·μ±¨¥ ·¥§μ´ ´¸Ò ¢ ´ Ï¥³ Ô±¸¶¥·¨³¥´É¥
³Ò ´ ¡²Õ¤ ÉÓ ´¥ ³μ£²¨ ¡Ò.

�¥§μ´ ´¸Ò ¢μ§´¨± ÕÉ, ¶μ-¢¨¤¨³μ³Ê, ¢ · ¸¸¥Ö´¨¨ π+ ´  π−. �·¨ ÔÉμ³ ¶·μ¨¸Ìμ¤¨É
Ê¶μ·Ö¤μÎ¥´´μ¥ ¢μ§¡Ê¦¤¥´¨¥ ¸± ²Ö·´ÒÌ ¶μ²¥°.

ŒÒ ´¥ ¢¨¤¨³ · ¸¶ ¤  ·¥§μ´ ´¸  f0 ¸ ³ ¸¸μ° M = 980 ŒÔ‚/c2,   ¢¨¤¨³, ¸±μ·¥¥,
¶·μ¢ ² ¢ · ¸¶·¥¤¥²¥´¨¨ ³ ¸¸ π+π− ¢ ÔÉμ³ ³¥¸É¥. �Éμ ´ ¢μ¤¨É ´  ³Ò¸²Ó μ Éμ³, ÎÉμ
·¥§μ´ ´¸ f0(980) ¢ ´ Ï¥³ Ô±¸¶¥·¨³¥´É¥ § ³ ¸±¨·μ¢ ´ ¶μ·μ£μ¢Ò³ ÔËË¥±Éμ³ ·μ¦¤¥´¨Ö
¶ ·Ò K+K−-³¥§μ´μ¢.

ˆ¸¸²¥¤μ¢ ´¨¥ ¸¢μ°¸É¢ σ0-³¥§μ´μ¢ ¢ £μ·ÖÎ¥° ¨ ¶²μÉ´μ° ¸·¥¤¥ ¤ ¸É ³´μ£μ ¨´Ëμ·³ Í¨¨
μ ¸¢μ°¸É¢ Ì É ±μ° ¸·¥¤Ò. ’ ±¨³ μ¡· §μ³, ¨¸¸²¥¤μ¢ ´¨¥ σ0-³¥§μ´μ¢ ±· °´¥ ¢ ¦´μ ± ±
¤²Ö ¶·μ¥±É  NICA/MPD, É ± ¨ ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¸ Ö¤¥·´Ò³¨ ¶ÊÎ± ³¨ ´  ¢¸¥Ì Ê¸±μ·¨-
É¥²ÖÌ ³¨· .

ŒÒ ¡² £μ¤ ·¨³ ¶·μË. ‚.‹. ‹Õ¡μÏ¨Í  §  §´ Î¨É¥²Ó´ÊÕ ¶μ³μÐÓ ¢ ´ Ï¥° · ¡μÉ¥,
¶·μË.�.ˆ.Œ ² Ìμ¢ , ¶·μË. ‘. ‚μ± ² , ¤-·  �.� ² ÍÍ¨ §  ¨´É¥·¥¸ ± · ¡μÉ¥, ¤-·  Œ.‚. ’μ-
± ·¥¢  §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹”‚� ¨³. ‚.ˆ. ‚¥±¸²¥·  ¨ �.Œ. 
 ²¤¨´  �ˆŸˆ ¢ · ³± Ì
É¥³Ò 1087.
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