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�·¨ ´ ·ÊÏ¥´¨¨ ¸É· ´´μ¸É¨ ¢ ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¤μ²¦´Ò ¢μ§´¨± ÉÓ
¸³¥Ï¨¢ ´¨Ö (¶¥·¥Ìμ¤Ò) ³¥¦¤Ê π±- ¨ K±-³¥§μ´ ³¨. ’ ± ± ± ³ ¸¸Ò ÔÉ¨Ì  ¤·μ-
´μ¢ · §²¨Î ÕÉ¸Ö, Éμ É ±¨¥ ¸³¥Ï¨¢ ´¨Ö (¶¥·¥Ìμ¤Ò) ¤μ²¦´Ò ¡ÒÉÓ ¢¨·ÉÊ ²Ó´Ò³¨.
�μ¤¸Î¨ÉÒ¢ ¥É¸Ö ´¥¤¨ £μ´ ²Ó´Ò° ³ ¸¸μ¢Ò° Î²¥´, μÉ¢¥É¸É¢¥´´Ò° §  É ±μ¥ ¸³¥-
Ï¨¢ ´¨¥. �μ± § ´μ, ÎÉμ ³μ£ÊÉ ¨³¥ÉÓ ³¥¸Éμ ¤¢  É¨¶  ¶¥·¥Ìμ¤μ¢ ³¥¦¤Ê ÔÉ¨³¨
³¥§μ´ ³¨: π±-³¥§μ´ ³μ¦¥É ¶¥·¥Ìμ¤¨ÉÓ ¢ K±-³¥§μ´ ¸ ¨§³¥´¥´¨¥³ ³ ¸¸Ò ¨ ¡¥§
¨§³¥´¥´¨Ö ³ ¸¸Ò (K± ¨³¥¥É ³ ¸¸Ê π±). ‚ÒÎ¨¸²¥´Ò ¢¥·μÖÉ´μ¸É¨ ¢ ±ÊÊ³´ÒÌ ¢¨·-
ÉÊ ²Ó´ÒÌ ¶¥·¥Ìμ¤μ¢ (μ¸Í¨²²ÖÍ¨°) π± ↔ K± ¸ ÊÎ¥Éμ³ π±-³¥§μ´´ÒÌ · ¸¶ ¤μ¢.
�·μ¨§¢¥¤¥´  μÍ¥´±  Ô±¸É·¥³ ²Ó´μ£μ · ¸¸ÉμÖ´¨Ö R ¤²Ö ´ ¡²Õ¤¥´¨Ö π± → K±-
¶¥·¥Ìμ¤ . ˆ§ÊÎ¥´  ±¨´¥³ É¨±  ¶·μÍ¥¸¸  ·μ¦¤¥´¨Ö K±-³¥§μ´  ¶·¨ ¥£μ ¶¥·¥Ìμ¤¥
´  ³ ¸¸μ¢ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ ¤²Ö μ¶·¥¤¥²¥´¨Ö μ¶É¨³ ²Ó´ÒÌ Ô´¥·£¨° ¤²Ö ´ ¡²Õ¤¥´¨Ö
ÔÉ¨Ì ¶¥·¥Ìμ¤μ¢.
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¨¸¸²¥¤μ¢ É¥²Ó¸±μ³ ¨´¸É¨ÉÊÉ¥ ¶·¨±² ¤´μ° ³ É¥³ É¨±¨ ¨  ¢Éμ³ É¨§ Í¨¨ Š��–
���, � ²ÓÎ¨±, �μ¸¸¨Ö.
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Virtual Transitions (Oscillations) of π± ↔ K± Mesons Caused
by Strangeness Violating in the Weak Interactions

At strangeness violation by the weak interactions there should arise mixings
(transitions) between π± and K± mesons. Since masses of these hadrons differ,
these mixings (transitions) should be virtual. The nondiagonal mass term responsible
for such mixing is computed. It is shown that two types of transitions can take
place between these mesons: π± meson is converted into K± meson with mass
changing, and without mass changing (K± meson has mass of π±). Probabilities
of vacuum π± ↔ K± virtual transitions (oscillations) with taking into account
of π±-meson decays are calculated. The estimation of extreme distance R for
observation of π± → K± transition is made. The kinematics of process of K±

meson productions, at their transitions on mass shell, is investigated for determination
of optimum energies for observation of these transitions.
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‚‚…„…�ˆ…

‚ ±ÊÊ³´Ò¥ μ¸Í¨²²ÖÍ¨¨ ´¥°É· ²Ó´ÒÌ K-³¥§μ´μ¢ Ìμ·μÏμ ¨§ÊÎ¥´Ò [1].

É¨ μ¸Í¨²²ÖÍ¨¨ Ö¢²ÖÕÉ¸Ö ·¥§Ê²ÓÉ Éμ³ ¸³¥Ï¨¢ ´¨Ö d-, s-±¢ ·±μ¢ ¨ μ¶¨¸Ò¢ -
ÕÉ¸Ö ³ É·¨Í¥° Š ¡¨¡¡μÄŠμ¡ ÖÏ¨ÄŒ ¸± ¢Ò [2]. “£μ² ¸³¥Ï¨¢ ´¨Ö ´¥°É· ²Ó-
´ÒÌ K-³¥§μ´μ¢ ¥¸ÉÓ θ = 45◦, É ± ± ± ³ ¸¸Ò K0-, K̄0-³¥§μ´μ¢ · ¢´Ò (ÔÉμ
¸²¥¤¸É¢¨¥ CPT-É¥μ·¥³Ò). Š·μ³¥ Éμ£μ, É ± ± ± ¨Ì ³ ¸¸Ò · ¢´Ò, Éμ μ¸Í¨²²Ö-
Í¨¨ ¡Ê¤ÊÉ ·¥ ²Ó´Ò³¨,   ´¥ ¢¨·ÉÊ ²Ó´Ò³¨. ‘²ÊÎ ° μ¸Í¨²²ÖÍ¨° ¤¢ÊÌ Î ¸É¨Í,
±μ£¤  ¨Ì ³ ¸¸Ò ¶¥·¥±·Ò¢ ÕÉ¸Ö ¨Ì Ï¨·¨´ ³¨, μ¡¸Ê¦¤ ²¸Ö ¢ · ¡μÉ Ì [3]. „ ²¥¥
¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ¢¥·μÖÉ´μ¸É¨ π → K-¶¥·¥Ìμ¤μ¢ ¢ ¶μ¤Ìμ¤¥, £¤¥ ¨¸¶μ²Ó§Ê¥É¸Ö
Ë §μ¢Ò° μ¡Ñ¥³ [4, 5].


É  · ¡μÉ  ¶μ¸¢ÖÐ¥´  · ¸¸³μÉ·¥´¨Õ π ↔ K-¶¥·¥Ìμ¤μ¢. ’ ±¨¥ ¶¥·¥Ìμ¤Ò
¢μ§³μ¦´Ò ¡² £μ¤ ·Ö Éμ³Ê, ÎÉμ ¢ ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¸É· ´´μ¸ÉÓ ´ ·ÊÏ -
¥É¸Ö. ’ ± ± ± ³ ¸¸Ò π- ¨ K-³¥§μ´μ¢ · §²¨Î ÕÉ¸Ö, Éμ ÔÉ¨ ¶¥·¥Ìμ¤Ò ¤μ²¦´Ò
¡ÒÉÓ ¢¨·ÉÊ ²Ó´Ò³¨. ‚ · ¡μÉ¥ ¶·μ¨§¢μ¤¨É¸Ö · ¸Î¥É ´¥¤¨ £μ´ ²Ó´μ£μ ³ ¸¸μ-
¢μ£μ Î²¥´ , μÉ¢¥É¸É¢¥´´μ£μ §  É ±μ¥ ¸³¥Ï¨¢ ´¨¥. ˆ§ÊÎ ÕÉ¸Ö ¢¸¥ ¢μ§³μ¦´Ò¥
É¨¶Ò ¶¥·¥Ìμ¤μ¢ ³¥¦¤Ê π ¨ K . ‚ÒÎ¨¸²Ö¥É¸Ö ¢¥·μÖÉ´μ¸ÉÓ ¢ ±ÊÊ³´ÒÌ ¢¨·ÉÊ ²Ó-
´ÒÌ ¶¥·¥Ìμ¤μ¢ (μ¸Í¨²²ÖÍ¨°) π± ↔ K± ¸ ÊÎ¥Éμ³ π±-³¥§μ´´ÒÌ · ¸¶ ¤μ¢. Š ±
³μ¦´μ ¶·μ¢¥·¨ÉÓ ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¢¨·ÉÊ ²Ó´ÒÌ π → K-¶e·¥Ìμ¤μ¢? 
Éμ ³μ¦´μ
¸¤¥² ÉÓ ¶μ¸·¥¤¸É¢μ³ ¸¨²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢¨·ÉÊ ²Ó´ÒÌ K-³¥§μ´μ¢ ¢ ³¨-
Ï¥´¨ ¤²Ö ¨Ì ¶¥·¥¢μ¤  ´  ³ ¸¸μ¢ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ ¸ ¶μ¸²¥¤ÊÕÐ¨³ ´ ¡²Õ¤¥´¨¥³
¨Ì · ¸¶ ¤ . „²Ö ÔÉμ° Í¥²¨ ¶·μ¨§¢μ¤¨É¸Ö μÍ¥´±  Ô±¸É·¥³ ²Ó´μ£μ · ¸¸ÉμÖ´¨Ö
R ¤²Ö ´ ¡²Õ¤¥´¨Ö π± → K±-¶¥·¥Ìμ¤ . ’ ±¦¥ · ¸¸³μÉ·¥´  ±¨´¥³ É¨±  ¶·μ-
Í¥¸¸  ·μ¦¤¥´¨Ö K±-³¥§μ´  ¶·¨ ¥£μ ¶¥·¥Ìμ¤¥ ´  ³ ¸¸μ¢ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ ¤²Ö
μ¶·¥¤¥²¥´¨Ö μ¶É¨³ ²Ó´ÒÌ Ô´¥·£¨° ¤²Ö ´ ¡²Õ¤¥´¨Ö ÔÉ¨Ì ¶¥·¥Ìμ¤μ¢.

‚ÒÎ¨¸²¥´¨¥ ¢¥·μÖÉ´μ¸É¥° π → K-¶¥·¥Ìμ¤μ¢ ¶·μ¨§¢μ¤¨É¸Ö ¢ · ³± Ì ³μ-
¤¥²¨ ¤¨´ ³¨Î¥¸±μ£μ  ´ ²μ£  ³ É·¨Í Š ¡¨¡¡μÄŠμ¡ ÖÏ¨ÄŒ ¸± ¢Ò [6] ¨ ¢ ¤¨ -
£· ³³´μ³ ¶μ¤Ìμ¤¥ [7], ±μÉμ·Ò° ¨¸¶μ²Ó§μ¢ ²¸Ö ¶·¨ μ¶¨¸ ´¨¨ K0-, K̄0-¶¥·¥Ìμ-
¤μ¢ (μ¸Í¨²²ÖÍ¨°).

1. π± ↔ K±-‘Œ…˜ˆ‚��ˆŸ (�‘–ˆ‹‹Ÿ–ˆˆ)

‚ ¶·¨´Í¨¶¥ ¢μ§³μ¦´Ò ¢¸¥ ¤μ¶Ê¸É¨³Ò¥ ¢¨·ÉÊ ²Ó´Ò¥ ¶¥·¥Ìμ¤Ò p2
π �= m2

π.
‚·¥³Ö É ±¨Ì ¶¥·¥Ìμ¤μ¢ μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥³ ´¥μ¶·¥¤¥²¥´´μ¸É¥°. �μ
´ ¸ ¡Ê¤ÊÉ ¨´É¥·¥¸μ¢ ÉÓ Éμ²Ó±μ ¶¥·¥Ìμ¤Ò, ¶·¥¤¸É ¢²ÖÕÐ¨¥ Ë¨§¨Î¥¸±¨° ¨´É¥-
·¥¸,   ¨³¥´´μ ¶¥·¥Ìμ¤Ò ¸ p2

π = m2
K ¨ p2

π = m2
π.
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‚¥·μÖÉ´μ¸É¨ ¢ ±ÊÊ³´ÒÌ π ↔ K-¶¥·¥Ìμ¤μ¢ (μ¸Í¨²²ÖÍ¨°). � ¸¸³μÉ·¨³
¢¥·μÖÉ´μ¸É¨ ¢ ±ÊÊ³´ÒÌ π ↔ K-¶¥·¥Ìμ¤μ¢ (μ¸Í¨²²ÖÍ¨°) [8, 9]. Œ ¸¸μ¢ Ö
³ É·¨Í  π- ¨ K-³¥§μ´μ¢ ¨³¥¥É ¢¨¤(

mπ 0
0 mK

)
. (1)

�² £μ¤ ·Ö ´ ²¨Î¨Õ ´ ·ÊÏ¥´¨Ö ¸É· ´´μ¸É¨ ¢ ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¢
ÔÉμ° ³ É·¨Í¥ ¶μÖ¢²Ö¥É¸Ö ´¥¤¨ £μ´ ²Ó´Ò° ³ ¸¸μ¢Ò° Î²¥´ (¥£μ §´ Î¥´¨¥ ¤ ¥É¸Ö
¢Ò· ¦¥´¨¥³ (21)). ’μ£¤  ÔÉ  ³ É·¨Í  ¶·¨μ¡·¥É ¥É ¸²¥¤ÊÕÐ¨° ´¥¤¨ £μ´ ²Ó-
´Ò° ¢¨¤: (

mπ mπK

mπK mK

)
, (2)

±μÉμ·Ò° ¤¨ £μ´ ²¨§¨·Ê¥É¸Ö ¶μ¢μ·μÉμ³ ´  Ê£μ² β, ¨ Éμ£¤ (
mπ mπK

mπK mK

)
→

(
m1 0
0 m2

)
, (3)

£¤¥

tg 2β =
2mπK

| mπ − mK | ,

sin 2β =
2mπK√

(mπ − mK)2 + (2mπK)2
, (4)

m1,2 =
1
2
((mπ + mK) ±

√
(mπ − mK)2 + 4(mπK)2);

π = cos βπ1 + sin βK1,
K = − sin βπ1 + cos βK1,

π(t) = cos βe−iE1tπ1(0) + sin βe−iE2tK1(0),

K(t) = − sin βe−iE1tπ1(0) + cos βe−iE2tK1(0);

π(t) =
[
e−iE1t cos2 β + e−iE2t sin2 β

]
π(0)+

+
[
e−iE1t − e−iE2t

]
sin β cos βK(0),

K(t) =
[
e−iE1t sin2 β + e−iE2t cos2 β

]
K(0)+

+
[
e−iE1t − e−iE2t

]
sin β cos βπ(0).

�¥μ¡Ìμ¤¨³μ μ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ ¢Ò· ¦¥´¨¥ (4) ³μ¦´μ ¶μ²ÊÎ¨ÉÓ
¨§ · ¸¶·¥¤¥²¥´¨Ö �· °É Ä‚¨£´¥·  [10]

P ∼ (Γ/2)2

(E − E0)2 + (Γ/2)2
(5)
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¶·¨ ¸²¥¤ÊÕÐ¥° § ³¥´¥:

E = mK , E0 = mπ, Γ/2 = 2mπK , (6)

£¤¥ Γ ≡ W (. . .).
…¸²¨ ³ ¸¸μ¢ Ö ³ É·¨Í  ¢±²ÕÎ ¥É ³ ¸¸Ò ¢ ±¢ ¤· É¨Î´μ³ ¢¨¤¥, Éμ ¸³¥Ï¨-

¢ ´¨Ö (μ¸Í¨²²ÖÍ¨¨) ¡Ê¤ÊÉ μ¶¨¸Ò¢ ÉÓ¸Ö ¢Ò· ¦¥´¨Ö³¨ (3)Ä(6) ¶·¨ ¸²¥¤ÊÕÐ¨Ì
§ ³¥´ Ì:

mπ → m2
π, mK → m2

K , mπK → m2
πK .

‡¤¥¸Ó ³μ£ÊÉ ¨³¥ÉÓ ³¥¸Éμ ¤¢  É¨¶  π-, K-¶¥·¥Ìμ¤μ¢ (μ¸Í¨²²ÖÍ¨°).
1. …¸²¨ ³Ò · ¸¸³ É·¨¢ ¥³ ¶¥·¥Ìμ¤ π-³¥§μ´  ¢ K-³¥§μ´ ¸ ¨§³¥´¥´¨¥³

³ ¸¸Ò (p2
K = m2

K), Éμ Éμ£¤  ¢¥·μÖÉ´μ¸ÉÓ π → K-¶¥·¥Ìμ¤μ¢ (μ¸Í¨²²ÖÍ¨°)
μ¶¨¸Ò¢ ¥É¸Ö ¢Ò· ¦¥´¨¥³

P (π → K, t) = sin2 2β sin2

[
πt

Δm2
πK

2p

]
= sin2 2β sin2

[
π

L

Losc

]
, (7)

Δm2
πK � |m2

π − m2
K |,

£¤¥ Losc =
2pc

Δm2
πK

; L � ct; p Å ¨³¶Ê²Ó¸ π-³¥§μ´ .

’ ± ± ±

sin2 2β =
4m2

πK

(mπ − mK)2 + 4m2
πK

≈ 4m2
πK

(mπ − mK)2
≈ 0, (8)

Ö¸´μ, ÎÉμ ¢¥·μÖÉ´μ¸ÉÓ É ±¨Ì ¶¥·¥Ìμ¤μ¢ π ¢ K μÎ¥´Ó ³ ² , ¶μÉμ³Ê ÎÉμ ´¥¤¨ -
£μ´ ²Ó´Ò° ³ ¸¸μ¢Ò° Î²¥´ mπK Ö¢²Ö¥É¸Ö ³ ²μ° ¢¥²¨Î¨´μ°. ‚μ§³μ¦´μ, É ±¨¥
¶·μÍ¥¸¸Ò É·Ê¤´μ ´ ¡²Õ¤ ÉÓ ¨§-§  ³ ²μ° ¢¥·μÖÉ´μ¸É¨, ¨ μ´¨ ´¥ ¶·¥¤¸É ¢²ÖÕÉ
μ¸μ¡μ£μ ¨´É¥·¥¸ . ‚¨¤¨³μ, ÔÉμ ¢Ò· ¦¥´¨¥ É·¥¡Ê¥É ´¥±μÉμ·μ£μ · §ÑÖ¸´¥´¨Ö.

’ ± ± ± ´¥¤¨ £μ´ ²Ó´Ò° ³ ¸¸μ¢Ò° Î²¥´ 2mπK =
Γ
2

¥¸ÉÓ Ê¤¢μ¥´´ Ö Ï¨·¨´ 

π → K-¶¥·¥Ìμ¤ , Éμ ¢Ò· ¦¥´¨¥ (4) ¤²Ö ¢¥·μÖÉ´μ¸É¨ μ¶·¥¤¥²Ö¥É ¢¥·μÖÉ´μ¸ÉÓ
É ±μ£μ ¶¥·¥Ìμ¤  ¨§-§  μÉ²¨Î¨Ö ÔÉμ° Ï¨·¨´Ò μÉ ´Ê²Ö. �Î¥¢¨¤´μ, ÔÉμ ¨ ¥¸ÉÓ
·¥Ï¥´¨¥ ¶·μ¡²¥³Ò ¶·μ¨¸Ìμ¦¤¥´¨Ö Ê£²  ¸³¥Ï¨¢ ´¨Ö. ’ ± ± ± ³Ò §´ ¥³, ± ±
¢ÒÎ¨¸²¨ÉÓ Ï¨·¨´Ê Γ, Éμ ÔÉÊ ¶·μ¡²¥³Ê ³μ¦´μ ¸Î¨É ÉÓ ·¥Ï¥´´μ°.

�¸μ¡μ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢ ¶·μÍ¥¸¸ Ì ¸ μ¡³¥´μ³ ¢¨·ÉÊ ²Ó´Ò³¨
π-³¥§μ´ ³¨, £¤¥ ±¢ ¤· É ¨³¶Ê²Ó¸  π-³¥§μ´  P 2

π ³μ¦¥É ¶·¨´¨³ ÉÓ §´ Î¥´¨¥
−∞ � P 2

π � +∞, ¶·¨ §´ Î¥´¨¨ P 2
π = m2

K ¤μ²¦´μ ¨³¥ÉÓ ³¥¸Éμ ·¥§μ´ ´¸-
´μ¥ Ê¸¨²¥´¨¥ ¢¥·μÖÉ´μ¸É¨ π → K-¶¥·¥Ìμ¤ , ¨ Éμ£¤  ¢³¥¸Éμ ¢Ò· ¦¥´¨Ö (8)
¶μ²ÊÎ¨³ [11]

sin2 2β =
4m2

πK

(mK − mK)2 + 4m2
πK

= 1. (8′)
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2. …¸²¨ ³Ò · ¸¸³ É·¨¢ ¥³ ¶¥·¥Ìμ¤ π-³¥§μ´  ¢ K-³¥§μ´ ¡¥§ ¨§³¥´¥´¨Ö
³ ¸¸Ò (p2

K = m2
π), É. ¥. mK = mπ, Éμ

tg 2β = ∞.

’μ£¤  β = π/4 ¨

sin2 2β = 1. (9)

‚ ÔÉμ³ ¸²ÊÎ ¥ ¢¥·μÖÉ´μ¸ÉÓ π → K-¶¥·¥Ìμ¤  (μ¸Í¨²²ÖÍ¨¨) μ¶¨¸Ò¢ ¥É¸Ö
¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³:

P (π → K, t) = sin2

[
π

L

Losc

]
, (10)

£¤¥ L = vt; v Å ¸±μ·μ¸ÉÓ π-³¥§μ´  ¶·¨ v ∼= c, L ∼= ct,

Losc =
1,24pπ(ŒÔ‚)

| m2
1 − m2

2 | (Ô‚2)
m, | m2

1 − m2
2 |= 4mπΔmπK .

�¥·¥°¤¥³ ± · ¸¸³μÉ·¥´¨Õ · ¸Î¥É  ´¥¤¨ £μ´ ²Ó´μ£μ ³ ¸¸μ¢μ£μ Î²¥´  ¶·¨
¢¨·ÉÊ ²Ó´ÒÌ π ↔ K-³¥§μ´´ÒÌ ¶¥·¥Ìμ¤ Ì ¢ ³μ¤¥²¨ ¤¨´ ³¨Î¥¸±μ°  ´ ²μ£¨¨
³ É·¨Í Š ¡¨¡¡μÄŠμ¡ ÖÏ¨ÄŒ ¸± ¢Ò. ‚ · ¡μÉ Ì [6, 7] ¡Ò²μ ¶μ± § ´μ, ÎÉμ
¶·¨ ³ ²ÒÌ ¶¥·¥¤ Î Ì ¨³¶Ê²Ó¸  ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ ¥³Ò¥ ¢ ÔÉμ³ ¶μ¤Ìμ¤¥ ¨
¢ ¸É ´¤ ·É´μ³ ¤¨ £· ³³´μ³ ¶μ¤Ìμ¤¥, Ö¢²ÖÕÉ¸Ö Ô±¢¨¢ ²¥´É´Ò³¨. ŒÒ É ±¦¥
μÍ¥´¨³ Ï¨·¨´Ê ¢¨·ÉÊ ²Ó´ÒÌ ³¥§μ´´ÒÌ π ↔ K-¶¥·¥Ìμ¤μ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
Ë §μ¢μ£μ ¶μ¤Ìμ¤ .

2. ��‘—…’ �…„ˆ�ƒ���‹œ��ƒ� Œ�‘‘�‚�ƒ� —‹…�� ��ˆ
π ↔ K-Œ…‡���›• �…�…•�„�• ‚ Œ�„…‹ˆ „ˆ��Œˆ—…‘Š�‰

���‹�ƒˆˆ Œ�’�ˆ– Š��ˆ���ÄŠ���Ÿ˜ˆÄŒ�‘Š�‚›

�¥·¥°¤¥³ ± · ¸¸³μÉ·¥´¨Õ · ¸Î¥É  ´¥¤¨ £μ´ ²Ó´μ£μ ³ ¸¸μ¢μ£μ Î²¥´  ¶·¨
π ↔ K-³¥§μ´´ÒÌ ¶¥·¥Ìμ¤ Ì ¢ ³μ¤¥²¨ ¤¨´ ³¨Î¥¸±μ°  ´ ²μ£¨¨ ³ É·¨Í Š ¡¨¡-

¡μÄŠμ¡ ÖÏ¨ÄŒ ¸± ¢Ò [8, 9]. …¸²¨ ¸É· ´´μ¸ÉÓ ¸μÌ· ´Ö¥É¸Ö, Éμ ¶¥·¥Ìμ¤ π
B−→

K-³¥§μ´ ¤μ²¦¥´ μÉ¸ÊÉ¸É¢μ¢ ÉÓ. ’μ£¤  ³ ¸¸μ¢ Ö ³ É·¨Í  π- ¨ K-³¥§μ´μ¢
¤μ²¦´  ¡ÒÉÓ ¤¨ £μ´ ²Ó´μ° ¨ ¨³¥ÉÓ ¸²¥¤ÊÕÐ¨° ¢¨¤ (´¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ,
ÎÉμ ¢ ¸É ´¤ ·É´μ° ³μ¤¥²¨ É ±¦¥ ¤μ²¦¥´ ¶·μ¨¸Ìμ¤¨ÉÓ ÔÉμÉ ¶·μÍ¥¸¸, ¨ Éμ£¤ 
B ´ ¤μ § ³¥´¨ÉÓ ´  W, sin θ): (

mπ 0
0 mK

)
. (11)
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Šμ£¤  ³Ò ÊÎ¨ÉÒ¢ ¥³ ¸³¥Ï¨¢ ´¨Ö (¶¥·¥Ìμ¤Ò) ³¥¦¤Ê d-, s-±¢ ·± ³¨ ¶μ¸·¥¤-
¸É¢μ³ μ¡³¥´  B-¡μ§μ´ ³¨, Éμ ³ ¸¸μ¢ Ö ³ É·¨Í  ¸É ´μ¢¨É¸Ö ´¥¤¨ £μ´ ²Ó´μ°(

mπ mπK

mπK mK

)
. (12)

’μ£¤  §´ Î¥´¨¥ ´¥¤¨ £μ´ ²Ó´μ£μ ³ ¸¸μ¢μ£μ Î²¥´  ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ, ¨¸¶μ²Ó-

§ÊÖ ¸²¥¤ÊÕÐÊÕ ¤¨ £· ³³Ê ¶¥·¥Ìμ¤  ³¥¦¤Ê π
B−→ K-³¥§μ´ ³¨ (¸³. ·¨¸Ê´μ±).

„¨ £· ³³  ¶¥·¥Ìμ¤  π-³¥§μ´  ¢ K-³¥§μ´ Î¥·¥§ B-¡μ§μ´; u-, d-, s-±¢ ·±¨

�Î¥¢¨¤´μ, ÎÉμ ¶·¨ ¸³¥Ï¨¢ ´¨¨ d-, s-±¢ ·±μ¢ ¨§³¥´¥´¨¥ ³ ¸¸μ¢μ° ¶μ¢¥·Ì-
´μ¸É¨ π-³¥§μ´  ´¥ ¡Ê¤¥É ¶·μ¨¸Ìμ¤¨ÉÓ, É. ¥. K-³¥§μ´, ¢μ§´¨±Ï¨° ¶·¨ É ±μ³
¶¥·¥Ìμ¤¥ π-³¥§μ´ , μ¸É ¥É¸Ö ´  ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ π-³¥§μ´  (· ¸¸³ É·¨-
¢ ¥³Ò° ¶¥·¥Ìμ¤ Ö¢²Ö¥É¸Ö ¢¨·ÉÊ ²Ó´Ò³).

�³¶²¨ÉÊ¤  É ±μ£μ ¶·μÍ¥¸¸  ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤ (¤ ²¥¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö
¶· ¢¨²  ”¥°´³ ´ ):

M(π → K) = GB[d̄γμ(1 − γ5)u][s̄γμ(1 − γ5)u],

¨²¨
M(π → K) = GB [d̄Qμu][s̄Qμu], (13)

£¤¥ GB Å ±μ´¸É ´É  ”¥·³¨ ¤²Ö B-¡μ§μ´ , ¸¢Ö§ ´´ Ö ¸ μ¡ÒÎ´μ° ±μ´¸É ´Éμ°
”¥·³¨ GW ¤²Ö W -¡μ§μ´  ¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³:

GB = GF sin θ,
GF√

2
=

g2

8m2
W

,

¨ Qμ = γμ(1 − γ5).
Œ ¸¸μ¢Ò° ² £· ´¦¨ ´ L ¤²Ö ÔÉμ° ¤¨ £· ³³Ò ¢ · ³± Ì ¸É ´¤ ·É´μ£μ ¶μ¤-

Ìμ¤  [7] ¨³¥¥É ¢¨¤
L = M(π → K). (14)

’μ£¤  · §´μ¸ÉÓ ±¢ ¤· Éμ¢ ³ ¸¸, ±μÉμ· Ö μÉ¢¥Î ¥É §  π → K- ¨ K → π-¶¥-
·¥Ìμ¤Ò, ¥¸ÉÓ

m2
1 − m2

2 = 〈π | L | K〉 + 〈K | L | π〉, (15)
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π′ =
1√
2
(π + K), K ′ =

1√
2
(π − K),

m2
1 = 〈π′|L|π′〉 =

1
2
(〈π|L|π〉 + 〈π|L|K〉 + 〈K|L|π〉 + 〈K|L|K〉),

m2
2 = 〈K ′|L|K ′〉 =

1
2
(〈π|L|π〉 − 〈π|L|K〉 − 〈K|L|π〉 + 〈K|L|K〉)

(¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ K-³¥§μ´ ´ Ìμ¤¨É¸Ö ´  ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ π-³¥§μ´ ).
‘²¥¤μ¢ É¥²Ó´μ,

m2
1 − m2

2 � 2mπΔm12, (16)

¨²¨

Δm12 � 1
2mπ

[〈π | L | K〉 + 〈K | L | π〉]. (17)

’¥¶¥·Ó ¶μ¤¸Î¨É ¥³ · §´μ¸ÉÓ ³ ¸¸. „²Ö ÔÉμ° Í¥²¨ ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¸²¥-
¤ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö:

〈0 | d̄Qμu | π〉φπfπpμ,

〈0 | s̄Qμu | K〉 = φKfKpμ,
(18)

£¤¥ φπ , φK , fπ, fK Å ¢μ²´μ¢Ò¥ ËÊ´±Í¨¨ ¨ ±μ´¸É ´ÉÒ · ¸¶ ¤μ¢ π- ¨ K-
³¥§μ´μ¢; pμ Å ¨³¶Ê²Ó¸ π-³¥§μ´ .

�¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¤μ²¦´μ ¢Ò¶μ²´ÖÉÓ¸Ö ¸²¥¤ÊÕÐ¥¥ ¸μμÉ´μÏ¥´¨¥
¤²Ö ±μ´¸É ´É · ¸¶ ¤μ¢ ´  ³ ¸¸μ¢ÒÌ ¶μ¢¥·Ì´μ¸ÉÖÌ ³¥§μ´μ¢:

fπ(mπ) = fK(mπ). (19)

ˆ§ ¢Ò· ¦¥´¨Ö (15), ¨¸¶μ²Ó§ÊÖ Ëμ·³Ê²Ò (18), (19), ¶μ²ÊÎ¨³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· -
¦¥´¨¥ ¤²Ö ´¥¤¨ £μ´ ²Ó´μ£μ ³ ¸¸μ¢μ£μ Î²¥´  ³ ¸¸μ¢μ° ³ É·¨ÍÒ:

Δm2 = m2
1 − m2

2 = f2
πm2

πGB � 0,79 · 109 Ô‚2, (20)

¨²¨
mπK = Δm12 = f2

πmπGB/2 � 5,6 Ô‚, (21)

Losc =
1,24pπ(ŒÔ‚)

| m2
1 − m2

2 | (Ô‚2)
m � 1,57 · 10−4pπ(ƒÔ‚) ¸³. (21′)

3. ��‡��‘’œ Œ�‘‘ (ˆ‹ˆ ˜ˆ�ˆ�� �…�…•�„�), ��‹“—�…Œ�Ÿ
‚ ��„•�„…, ƒ„… ˆ‘��‹œ‡“…’‘Ÿ ”�‡�‚›‰ ��š…Œ

�¥·¥°¤¥³ ± · ¸¸³μÉ·¥´¨Õ π± ↔ K±-¸³¥Ï¨¢ ´¨° (μ¸Í¨²²ÖÍ¨°) [8, 9].
Š·μ³¥ γ ↔ ρ0-¸³¥Ï¨¢ ´¨° (μ¸Í¨²²ÖÍ¨°) ¶·¨³¥·μ³ ¢¨·ÉÊ ²Ó´ÒÌ ¸³¥Ï¨¢ ´¨°
(μ¸Í¨²²ÖÍ¨°) Ö¢²ÖÕÉ¸Ö ¸³¥Ï¨¢ ´¨Ö (μ¸Í¨²²ÖÍ¨¨) π± ↔ K±-³¥§μ´μ¢, É ± ± ±
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¶·¨ ¶·Ö³ÒÌ ¨ μ¡· É´ÒÌ ¶¥·¥Ìμ¤ Ì π± ¢ K± ¢ ¢ ±ÊÊ³¥ π±, K± ´¥ ¸Ìμ¤ÖÉ ¸
³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨.

�¥·¥Ìμ¤Ò

ūγ5d, (d̄γ5u)
W±, cos θ−→ ūγ5d, (d̄γ5u), (22)

É. ¥.
π± → π±,

¶·μ¨¸Ìμ¤ÖÉ Î¥·¥§ ¸É ´¤ ·É´Ò¥ ¸² ¡Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨

Δm(π → π) =
G2f2

π , cos2 θ(mu + md̄)2mπ

8π
� 2,53 · 10−8 Ô‚. (22′)

� ¶·¨ ÊÎ¥É¥ ´¥¤¨ £μ´ ²Ó´μ£μ Î²¥´  ¢ ³ É·¨Í¥ Š ¡¨¡¡μÄŠμ¡ ÖÏ¨ÄŒ ¸± ¢Ò
¢μ§³μ¦´Ò π± → K±-¶¥·¥Ìμ¤Ò

ūγ5d, (d̄γ5u)
W±, sin θ−→ ūγ5s, (s̄γ5u). (23)

’μ£¤  (tg2 θ = 0,056)

Δm(π → K) =
G2f2

π(mu + md̄)2mπ

8π
sin2 θ �

� 0,8 · 10−10 Ô‚ = 0,8 · 10−16 ŒÔ‚ (23′)

¨
Δm(π → K)
Δm(π → π)

� 3,2 · 10−3,

Losc(π → K) � 1,24
pπ(ŒÔ‚)
Δm2(Ô‚2)

m = 5,53 · 105 pπ(ƒÔ‚)³. (23′′)

‚Ò· ¦¥´¨¥ (23′′) ¶μ²ÊÎ¥´μ ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ ¶·¨ ¶¥·¥Ìμ¤¥ π± →
K± ¨³¥¥É ³¥¸Éμ μ¸Í¨²²ÖÍ¨Ö. …¸²¨ ¢ ÔÉμ³ ¶·μÍ¥¸¸¥ ¨³¥¥É ³¥¸Éμ Éμ²Ó±μ
¶¥·¥Ìμ¤ ¢ μÉ¸ÊÉ¸É¢¨¥ μ¸Í¨²²ÖÍ¨°, Éμ ¢·¥³Ö É ±μ£μ ¶¥·¥Ìμ¤  ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ,
¨¸¶μ²Ó§ÊÖ ¢Ò· ¦¥´¨¥ (23′), ¨ μ´μ · ¢´μ

τπ±→K± =
�h

Δm(π± → K±)
� 8,22 · 10−6 c, (23′′′)

cτ = 2,47 · 105 ¸³.

‚Ò· ¦¥´¨Ö (22)Ä(23′′′) ¶μ²ÊÎ¥´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢ÒÏ¥¶·¨¢¥¤¥´´μ°
¤¨ £· ³³Ò ¨ ¶· ¢¨² ”¥°´³ ´  ¤²Ö ¶·μÍ¥¸¸μ¢ π± → π±- ¨ π± → K±-
¶¥·¥Ìμ¤μ¢ ¶·¨ ÊÎ¥É¥ Ë §μ¢μ£μ μ¡Ñ¥³ .
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�Î¥¢¨¤´μ, ÎÉμ É ±¨¥ ¶¥·¥Ìμ¤Ò ³μ£ÊÉ ¡ÒÉÓ Éμ²Ó±μ ¢¨·ÉÊ ²Ó´Ò³¨. „²Ö Éμ£μ
ÎÉμ¡Ò ¸¤¥² ÉÓ ÔÉ¨ ¶¥·¥Ìμ¤Ò ·¥ ²Ó´Ò³¨, ´¥μ¡Ìμ¤¨³μ, ÎÉμ¡Ò π± ÊÎ ¸É¢μ¢ ²¨
¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¤²Ö ¶¥·¥¤ Î¨ ¨³¶Ê²Ó¸  ¨ ¶¥·¥Ìμ¤  ´  ³ ¸¸μ¢ÊÕ ¶μ¢¥·Ì-
´μ¸ÉÓ K±-³¥§μ´μ¢. �¡· É´Ò° ¶·μÍ¥¸¸ K± → π± ³μ¦´μ ¢¨¤¥ÉÓ ¶μ · ¸¶ ¤ ³
K±-³¥§μ´μ¢. —Éμ¡Ò K±-³¥§μ´Ò ·¥ ²Ó´μ ¶¥·¥Ìμ¤¨²¨ ¢ π±-³¥§μ´Ò, É ±¦¥ ´¥-
μ¡Ìμ¤¨³μ ¨Ì ÊÎ ¸É¨¥ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¤²Ö ¶¥·¥¤ Î¨ ¨³¶Ê²Ó¸  ¨ ¶¥·¥Ìμ¤ 
´  ³ ¸¸μ¢ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ π±-³¥§μ´μ¢. �¥·¥°¤¥³ ± ¡μ²¥¥ ¤¥É ²Ó´μ³Ê · ¸¸³μ-
É·¥´¨Õ ÔÉμ£μ ¶·μÍ¥¸¸ .

4. ‚…��Ÿ’��‘’ˆ π ↔ K-�…�…•�„�‚ (�‘–ˆ‹‹Ÿ–ˆ‰)
‘ “—…’�Œ π-Œ…‡���›• ��‘��„�‚

‚ μÉ²¨Î¨¥ μÉ ¶¥·¢μ£μ ¢ ·¨ ´É , ¢Éμ·μ° ¢ ·¨ ´É ¶¥·¥Ìμ¤  π ↔ K ¶·¥¤-
¸É ¢²Ö¥É μ¶·¥¤¥²¥´´Ò° ¨´É¥·¥¸ ¨ ³μ¦¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö ¶·μ¢¥·±¨ ¢ Ô±¸-
¶¥·¨³¥´É Ì.

�¥·¥°¤¥³ ± · ¸¸³μÉ·¥´¨Õ ¢¥·μÖÉ´μ¸É¨ π ↔ K-¶¥·¥Ìμ¤μ¢ (μ¸Í¨²²ÖÍ¨°)
¸ ÊÎ¥Éμ³ π-³¥§μ´´ÒÌ · ¸¶ ¤μ¢ [8, 9]. …¸²¨ ¶·¨ t = 0 ¨³¥¥É¸Ö ¶μÉμ± N(π, 0)
π-³¥§μ´μ¢, Éμ Î¥·¥§ ¢·¥³Ö t �= 0 ÔÉμÉ ¶μÉμ± Ê³¥´ÓÏ ¥É¸Ö, É ± ± ± π-³¥§μ´Ò
· ¸¶ ¤ ÕÉ¸Ö, ¨ Éμ£¤  ¶μÉμ± N(π, t) π-³¥§μ´μ¢ ¸É ´μ¢¨É¸Ö · ¢´Ò³

N(π, t) = exp
(
− t

τ0

)
N(π, 0), (24)

£¤¥ τ0 = τ ′
0

Eπ

mπ
.

�μ²´μ¥ ¢Ò· ¦¥´¨¥ ¶μÉμ±  N(π → K, t) K-³¥§μ´μ¢, É. ¥. ¢¥·μÖÉ´μ¸ÉÓ
π → K-¶¥·¥Ìμ¤  §  ¢·¥³Ö t, ¨³¥¥É ¢¨¤

N(π → K, t) = N(π, t)P (π → K, L), (25)

£¤¥

P (π → K, L) = sin2

[
π

L

Losc

]
,

Losc =
1,24pπ(ŒÔ‚)

| m2
1 − m2

2 | (Ô‚2)
m

¨
m2

1 − m2
2 = f2

πm2
πGB .

‚¥·μÖÉ´μ¸ÉÓ ¤²Ö π → K-¶¥·¥Ìμ¤μ¢ P (π → K, t) ¢ ¶μ¤Ìμ¤¥, £¤¥ ÊÎ¨ÉÒ¢ -
¥É¸Ö μ¡³¥´ B-¡μ§μ´ ³¨, ¨³¥¥É ¢¨¤
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N(π → K, t) = N(π, t) sin2

[
πct

Losc(π
B−→ K)

]
=

= N(π, 0) exp
(
− t

τ0

)
sin2

[
πct

Losc

]
, (26)

£¤¥ ¨¸¶μ²Ó§Ê¥É¸Ö Losc ¨§ (13′′).
Š¨´¥³ É¨±  ·μ¦¤¥´¨Ö K-³¥§μ´μ¢ ¢ ±¢ §¨Ê¶·Ê£¨Ì ¶·μÍ¥¸¸ Ì · ¸¸³ É·¨-

¢ ² ¸Ó  ¢Éμ·μ³ ¢ · ¡μÉ Ì [9].
’ ± ± ± τ(π → K)  τ0, ¶·¨ t = τ(π → K) ¶μÎÉ¨ ¢¸¥ π-³¥§μ´Ò · ¸-

¶ ¤ÊÉ¸Ö, ¸²¥¤μ¢ É¥²Ó´μ, ÎÉμ¡Ò μ¶·¥¤¥²¨ÉÓ ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´μ¥ ¢·¥³Ö ¨²¨
· ¸¸ÉμÖ´¨Ö ¤²Ö ´ ¡²Õ¤¥´¨Ö ¶¥·¥Ìμ¤  π → K , ´¥μ¡Ìμ¤¨³μ ´ °É¨ Ô±¸É·¥³Ê³
¸²¥¤ÊÕÐ¥° ËÊ´±Í¨¨ ¨²¨ ¢¥·μÖÉ´μ¸É¨ ¶¥·¥Ìμ¤  N(π → K, t), É. ¥. ¢Ò· ¦¥-
´¨Ö (26):

dN(π → K, t)
dt

= 0. (27)

ˆ§ ¢Ò· ¦¥´¨Ö (27), ¨¸¶μ²Ó§ÊÖ (26), ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥:

πcτ0

Losc
= tg

[
πct

Losc

]
. (28)

…¸²¨ ÊÎ¥¸ÉÓ, ÎÉμ  ·£Ê³¥´É ¶· ¢μ° Î ¸É¨ (28) Ö¢²Ö¥É¸Ö μÎ¥´Ó ³ ²¥´Ó±μ°
¢¥²¨Î¨´μ°, Éμ ³Ò ³μ¦¥³ ¶¥·¥¶¨¸ ÉÓ ¶· ¢ÊÕ Î ¸ÉÓ (28) ¢ ¢¨¤¥

tg
[

πct

Losc

]
� πct

Losc
. (29)

ˆ¸¶μ²Ó§ÊÖ (28) ¨ (29), ³Ò ´ Ìμ¤¨³, ÎÉμ Ô±¸É·¥³Ê³ N(. . .) ¤μ¸É¨£ ¥É¸Ö ¶·¨

t

τ0

∼= 2, t ∼= 2τ0. (30)

ˆ Éμ£¤  Ô±¸É·¥³ ²Ó´μ¥ · ¸¸ÉμÖ´¨¥ R ¤²Ö ´ ¡²Õ¤¥´¨Ö π → K-μ¸Í¨²²ÖÍ¨°
¥¸ÉÓ

R = tvπ
∼= 2τ0vπ, (31)

¨ ¢Ò· ¦¥´¨¥ ¤²Ö N(π → K, 2τ0) ¨³¥¥É ¢¨¤

N(π → K, 2τ ′
0) = N(π, 0) exp (−2) sin2

[
2πcτ0

Losc

]
� (32)

∼= N(π, 0)1,06 · 10−9,

£¤¥ mu + md̄
∼= 25 ŒÔ‚,

tg2θ ∼= 0,056.

�·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¨§ÊÎ¥´¨¥ ±¨´¥³ É¨±¨ ¶·μÍ¥¸¸  ·μ¦¤¥´¨Ö
K-³¥§μ´μ¢.
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5. Šˆ�…Œ�’ˆŠ� ���–…‘‘� ��†„…�ˆŸ K-Œ…‡���

�·¨¸ÉÊ¶¨³ ± · ¸¸³μÉ·¥´¨Õ ±¨´¥³ É¨±¨ ¶·μÍ¥¸¸  ·μ¦¤¥´¨Ö K-³¥§μ-
´μ¢ [8, 9]. ˆÉ ±, ¥¸²¨ ¨³¥¥³ π-³¥§μ´Ò, Éμ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ, μ¶·¥¤¥²Ö¥³μ°
¢Ò· ¦¥´¨¥³ (26), μ´¨ ¢¨·ÉÊ ²Ó´μ ¶¥·¥Ìμ¤ÖÉ ¢ K-³¥§μ´Ò. …¸²¨ ÔÉ¨ ¢¨·-
ÉÊ ²Ó´Ò¥ K-³¥§μ´Ò ÊÎ ¸É¢ÊÕÉ ¢ ±¢ §¨Ê¶·Ê£¨Ì ¸¨²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ, Éμ
μ´¨ ³μ£ÊÉ ¸É ÉÓ ·¥ ²Ó´Ò³¨ K-³¥§μ´ ³¨, ¶¥·¥Ìμ¤Ö ´  ³ ¸¸μ¢ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ.
’μ£¤  ¶μ · ¸¶ ¤Ê K-³¥§μ´μ¢ ³Ò ³μ¦¥³ ¶·μ¢¥·¨ÉÓ ´ ²¨Î¨¥ μ¸Í¨²²ÖÍ¨¨.


´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ Ethre,π ±¢ §¨Ê¶·Ê£μ° ·¥ ±Í¨¨

π+ + p → K+ + p

¥¸ÉÓ
Ethre,π = 0,61 ƒÔ‚.

Š·μ³¥ ÔÉμ° ±¢ §¨Ê¶·Ê£μ° ·¥ ±Í¨¨ É ±¦¥ ³μ£ÊÉ ¡ÒÉÓ ·¥ ±Í¨¨, ¢ ±μÉμ·ÒÌ
π-³¥§μ´Ò ¡Ê¤ÊÉ ·μ¦¤ ÉÓ K-³¥§μ´Ò ¢ ´¥Ê¶·Ê£¨Ì ¶·μÍ¥¸¸ Ì. �·¨³¥·μ³ É ±μ°
·¥ ±Í¨¨ Ö¢²Ö¥É¸Ö ¸²¥¤ÊÕÐ Ö:

π+ + n → K+ + Λ. (33)


´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ Einel
thre,π ÔÉμ° ·¥ ±Í¨¨ ¥¸ÉÓ

Einel
thre,π = 0,91 ƒÔ‚.

—Éμ¡Ò ¨§¡¥¦ ÉÓ ¶·μ¡²¥³Ò ¸ ·μ¦¤¥´¨¥³ K-³¥§μ´μ¢ ¢ ´¥Ê¶·Ê£¨Ì ·¥ ±Í¨ÖÌ,
μÎ¥¢¨¤´μ, ³Ò ¤μ²¦´Ò ¨¸¶μ²Ó§μ¢ ÉÓ π-³¥§μ´Ò ¸ Ô´¥·£¨¥° Eπ ³¥´ÓÏ¥ Î¥³
0,91 ƒÔ‚, É. ¥. Eπ ¤μ²¦´  ¡ÒÉÓ ¢ ¶·¥¤¥² Ì

0,61 � Eπ � 0,91 ƒÔ‚. (34)

�¶É¨³ ²Ó´Ò¥ · ¸¸ÉμÖ´¨Ö ¤²Ö ´ ¡²Õ¤¥´¨Ö π ↔ K-μ¸Í¨²²ÖÍ¨¨ ³μ¦´μ
¢ÒÎ¨¸²¨ÉÓ, ¨¸¶μ²Ó§ÊÖ ¢Ò· ¦¥´¨Ö (31) ¨ (34).

‡�Š‹	—…�ˆ…

�·¨ ´ ·ÊÏ¥´¨¨ ¸É· ´´μ¸É¨ ¢ ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¤μ²¦´Ò ¢μ§´¨± ÉÓ
¸³¥Ï¨¢ ´¨Ö (¨ ¶¥·¥Ìμ¤Ò) ³¥¦¤Ê π±- ¨ K±-³¥§μ´ ³¨. ’ ± ± ± ³ ¸¸Ò ÔÉ¨Ì
 ¤·μ´μ¢ · §²¨Î ÕÉ¸Ö, Éμ É ±¨¥ ¸³¥Ï¨¢ ´¨Ö (¨ ¶¥·¥Ìμ¤Ò) ¤μ²¦´Ò ¡ÒÉÓ ¢¨·-
ÉÊ ²Ó´Ò³¨. �μ¤¸Î¨ÉÒ¢ ¥É¸Ö ´¥¤¨ £μ´ ²Ó´Ò° ³ ¸¸μ¢Ò° Î²¥´, μÉ¢¥É¸É¢¥´´Ò°
§  É ±μ¥ ¸³¥Ï¨¢ ´¨¥. �μ± § ´μ, ÎÉμ ³μ£ÊÉ ¨³¥ÉÓ ³¥¸Éμ ¤¢  É¨¶  ¶¥·¥Ìμ¤μ¢
³¥¦¤Ê ÔÉ¨³¨ ³¥§μ´ ³¨: π±-³¥§μ´ ³μ¦¥É ¶¥·¥Ìμ¤¨ÉÓ ¢ K±-³¥§μ´ ¸ ¨§³¥-
´¥´¨¥³ ³ ¸¸Ò ¨ ¡¥§ ¨§³¥´¥´¨Ö ³ ¸¸Ò (K± ¨³¥¥É ³ ¸¸Ê π±). ‚ÒÎ¨¸²¥´Ò
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¢¥·μÖÉ´μ¸É¨ ¢ ±ÊÊ³´ÒÌ π± ↔ K±-¢¨·ÉÊ ²Ó´ÒÌ ¶¥·¥Ìμ¤μ¢ (μ¸Í¨²²ÖÍ¨°) ¸
ÊÎ¥Éμ³ π±-³¥§μ´´ÒÌ · ¸¶ ¤μ¢. �·μ¨§¢¥¤¥´  μÍ¥´±  Ô±¸É·¥³ ²Ó´μ£μ · ¸¸Éμ-
Ö´¨Ö R ¤²Ö ´ ¡²Õ¤¥´¨Ö π± → K±-¶¥·¥Ìμ¤ . ˆ§ÊÎ¥´  ±¨´¥³ É¨±  ¶·μÍ¥¸¸ 
·μ¦¤¥´¨Ö K±-³¥§μ´  ¤²Ö μ¶·¥¤¥²¥´¨Ö μ¶É¨³ ²Ó´ÒÌ Ô´¥·£¨° ¤²Ö ´ ¡²Õ¤¥´¨Ö
ÔÉ¨Ì ¶¥·¥Ìμ¤μ¢.

‚ § ±²ÕÎ¥´¨¥  ¢Éμ· ¢Ò· ¦ ¥É £²Ê¡μ±ÊÕ ¡² £μ¤ ·´μ¸ÉÓ Œ.Š. ‚μ²±μ¢Ê,
�. …. „μ·μÌμ¢Ê, 
.�.ŠÊ· ¥¢Ê ¨ ‚.�.�¥·¢ÊÏ¨´Ê §  μ¡¸Ê¦¤¥´¨¥ · ¡μÉÒ.
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