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K0
L → l+i l−j ˆ B0, B0

s → l+i l−j
�. ‚. �μ¢ ·μ¢ 1

Ÿ·μ¸² ¢¸±μ¥ ¢Ò¸Ï¥¥ ¢μ¥´´μ¥ ÊÎ¨²¨Ð¥ �‚�, Ÿ·μ¸² ¢²Ó, �μ¸¸¨Ö

‚ÒÎ¨¸²ÖÕÉ¸Ö ¢±² ¤Ò ¢¥±Éμ·´μ£μ ²¥¶Éμ±¢ ·±  ¢ Ï¨·¨´Ò · ¸¶ ¤μ¢ K0
L → l+i l−j , B0 → l+i l−j ,

B0
s → l+i l−j ¢ ³¨´¨³ ²Ó´μ° ³μ¤¥²¨ ¸ Î¥ÉÒ·¥ÌÍ¢¥Éμ¢μ° ¸¨³³¥É·¨¥°. ˆ§ ¤ ´´ÒÌ ¶μ · ¸¶ ¤ ³

B0 → l+i l−j , B0
s → l+i l−j ¶μ²ÊÎ¥´Ò μ£· ´¨Î¥´¨Ö ´  ³ ¸¸Ê ± ²¨¡·μ¢μÎ´μ£μ ¢¥±Éμ·´μ£μ ²¥¶Éμ-

±¢ ·± . �μ± § ´μ, ÎÉμ ÊÎ¥É Ë¥·³¨μ´´μ£μ ¸³¥Ï¨¢ ´¨Ö §´ Î¨É¥²Ó´μ μ¸² ¡²Ö¥É μ£· ´¨Î¥´¨Ö ´  ³ ¸¸Ê
¢¥±Éμ·´μ£μ ²¥¶Éμ±¢ ·±  ¸´¨§Ê ¸ 2200 ¤μ 91 ’Ô‚.

The contributions of vector leptoquark to the widths of decays K0
L → l+i l−j , B0 → l+i l−j , B0

s →
l+i l−j are calculated in the minimal model with four-color symmetry. From data on decays B0 → l+i l−j ,

B0
s → l+i l−j the constraints on the mass of gauge vector leptoquark are obtained. It is shown that the

inclusion of fermion mixing signiˇcantly reduces restrictions on the masses of vector leptoquarks from
bottom from 2200 to 91 TeV.

PACS: 12.60.-i; 14.80.Sv
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�¤´¨³ ¨§ ¢ ·¨ ´Éμ¢ ´μ¢μ° Ë¨§¨±¨ §  ¶·¥¤¥² ³¨ ‘É ´¤ ·É´μ° ³μ¤¥²¨ (‘Œ) ³μ¦¥É
¡ÒÉÓ Î¥ÉÒ·¥ÌÍ¢¥Éμ¢ Ö ¸¨³³¥É·¨Ö ±¢ ·±μ¢ ¨ ²¥¶Éμ´μ¢ É¨¶  � É¨Ä‘ ² ³  [1]. �´  ¶·¥¤-
¸± §Ò¢ ¥É ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¢ ± ²¨¡·μ¢μÎ´μ³ ¸¥±Éμ·¥ ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·±μ¢ (SUc(3)-Í¢¥-
Éμ¢ÒÌ É·¨¶²¥Éμ¢) ¸ ³ ¸¸μ° ³ ¸ÏÉ ¡  ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö Î¥ÉÒ·¥ÌÍ¢¥Éμ¢μ° ¸¨³³¥-
É·¨¨. ‚ ¶·μ¸É¥°Ï¥³ ¸²ÊÎ ¥ £·Ê¶¶  Î¥ÉÒ·¥ÌÍ¢¥Éμ¢μ° ¸¨³³¥É·¨¨ ³μ¦¥É ¡ÒÉÓ ¢¥±Éμ·´μ° Å
SUV (4) £·Ê¶¶μ° ¨ μ¡Ñ¥¤¨´¥´  ¸ ¸¨³³¥É·¨¥° ‘Œ ¢ ¢¨¤¥ ¶·Ö³μ£μ ¶·μ¨§¢¥¤¥´¨Ö

SUV (4) × SUL(2) × UR(1), (1)

´ §Ò¢ ¥³μ£μ ³¨´¨³ ²Ó´μ° ±¢ ·±-²¥¶Éμ´´μ° ¸¨³³¥É·¨Î´μ° ³μ¤¥²ÓÕ (ŒŠ‹‘-³μ-
¤¥²Ó [2,3]).

‚ ŒŠ‹‘-³μ¤¥²¨ ¡ §¨¸´Ò¥ ¶μ²Ö ²¥¢ÒÌ (L) ¨ ¶· ¢ÒÌ (R) ±¢ ·±μ¢ Q′L,R
iaα ¨ ²¥¶Éμ´μ¢

l′
L,R
ia μ¡· §ÊÕÉ ËÊ´¤ ³¥´É ²Ó´Ò¥ ±¢ ·É¥ÉÒ Í¢¥Éμ¢μ° £·Ê¶¶Ò SUV (4) ¨ ¢ μ¡Ð¥³ ¸²ÊÎ ¥

Ö¢²ÖÕÉ¸Ö ¸Ê¶¥·¶μ§¨Í¨Ö³¨

Q′L,R
iaα =

∑
j

(AL,R
Qa

)ij QL,R
jaα , l′

L,R
ia =

∑
j

(AL,R
la

)ij lL,R
ja (2)
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Ë¨§¨Î¥¸±¨Ì ±¢ ·±μ¢ QL,R
iaα ¨ ²¥¶Éμ´μ¢ lL,R

ia , £¤¥ i, j = 1, 2, 3 Å ¨´¤¥±¸Ò Ë¥·³¨μ´-
´ÒÌ ¶μ±μ²¥´¨°; a = 1, 2 ¨ α = 1, 2, 3 Å ¨´¤¥±¸Ò £·Ê¶¶Ò SUL(2) ¨ £·Ê¶¶Ò SUc(3);
Qi1 ≡ ui = (u, c, t), Qi2 ≡ di = (d, s, b) Å ¢¥·Ì´¨¥ ¨ ´¨¦´¨¥ ±¢ ·±¨, lj1 ≡ νj Å
³ ¸¸μ¢Ò¥ ¸μ¸ÉμÖ´¨Ö ´¥°É·¨´μ; lj2 ≡ lj = (e−, μ−, τ−) Å § ·Ö¦¥´´Ò¥ ²¥¶Éμ´Ò. “´¨-

É ·´Ò¥ ³ É·¨ÍÒ AL,R
Qa

¨ AL,R
la

μ¶¨¸Ò¢ ÕÉ Ë¥·³¨μ´´μ¥ ¸³¥Ï¨¢ ´¨¥ ¨ ¤¨ £μ´ ²¨§¨·ÊÕÉ
³ ¸¸μ¢Ò¥ ³ É·¨ÍÒ ±¢ ·±μ¢ ¨ ²¥¶Éμ´μ¢, ¢μ§´¨± ÕÐ¨¥ ¶μ¸²¥ ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö ¸¨³-
³¥É·¨¨.

‚§ ¨³μ¤¥°¸É¢¨¥ ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·±μ¢ ¸ ´¨¦´¨³¨ Ë¥·³¨μ´ ³¨ ¢ ŒŠ‹‘-³μ¤¥²¨
¨³¥¥É ¢¨¤

LV dl =
g4√
2
(d̄pα[(KL

2 )piγ
μPL + (KR

2 )piγ
μPR]li)Vαμ + h. c., (3)

£¤¥ g4 = gst(Mc) Å ± ²¨¡·μ¢μÎ´ Ö ±μ´¸É ´É  £·Ê¶¶Ò SUV (4), ¸¢Ö§ ´´ Ö ¸ ±μ´¸É ´-
Éμ° ¸¨²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ´  ³ ¸ÏÉ ¡¥ Mc ´ ·ÊÏ¥´¨Ö SUV (4)-¸¨³³¥É·¨¨; p, i =
1, 2, 3, . . . Å ¨´¤¥±¸Ò ±¢ ·±μ¢ÒÌ ¨ ²¥¶Éμ´´ÒÌ ¶μ±μ²¥´¨°; α = 1, 2, 3 Å SU(3) Í¢¥Éμ¢μ°
¨´¤¥±¸. —¥ÉÒ·¥ Ê´¨É ·´Ò¥ ³ É·¨ÍÒ KL,R

a = (AL,R
Qa

)+AL,R
la

, a = 1, 2, ¸¶¥Í¨Ë¨Î´Ò ¤²Ö
³μ¤¥²¥° ¸ Î¥ÉÒ·¥ÌÍ¢¥Éμ¢μ° ±¢ ·±-²¥¶Éμ´´μ° ¸¨³³¥É·¨¥° ¨ μ¶¨¸Ò¢ ÕÉ ¢μ§´¨± ÕÐ¥¥ ¢
ÔÉμ³ ¸²ÊÎ ¥ ¸³¥Ï¨¢ ´¨¥ (´¨¦´¨Ì ¶·¨ a = 2) Ë¥·³¨μ´μ¢ ¢ ²¥¶Éμ±¢ ·±μ¢ÒÌ Éμ± Ì. �É-
³¥É¨³, ÎÉμ, ÌμÉÖ £·Ê¶¶  (1) Ö¢²Ö¥É¸Ö ¢¥±Éμ·´μ°, ¢§ ¨³μ¤¥°¸É¢¨¥ (3), ¢μμ¡Ð¥ £μ¢μ·Ö, ´¥
¨³¥¥É Î¨¸Éμ ¢¥±Éμ·´μ£μ Ì · ±É¥·  ¨§-§  ¢μ§³μ¦´μ£μ · §²¨Î¨Ö ³ É·¨Í ¸³¥Ï¨¢ ´¨Ö ¢ (2)
¤²Ö ²¥¢ÒÌ ¨ ¶· ¢ÒÌ ±¢ ·±μ¢ ¨ ²¥¶Éμ´μ¢. — ¸É´Ò° ¸²ÊÎ ° Î¨¸Éμ ¢¥±Éμ·´μ£μ ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¢ (3) ¶·¨ KL

2 = KR
2 · ¸¸³ É·¨¢ ²¸Ö ¢ · ¡μÉ Ì [4,5].

‚ ²¨É¥· ÉÊ·¥ ¨§¢¥¸É´Ò ´¨¦´¨¥ μ£· ´¨Î¥´¨Ö ´  ³ ¸¸Ò ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·±μ¢. � ¨-
¡μ²¥¥ ¸¨²Ó´Ò¥ ¨§ ´¨Ì ¸²¥¤ÊÕÉ ¨§ ´¥´ ¡²Õ¤¥´¨Ö · ¸¶ ¤μ¢ É¨¶  K0

L → μ±e∓ ¨ Ö¢²ÖÕÉ¸Ö
¤μ¸É ÉμÎ´μ ¢Ò¸μ±¨³¨, ¸μ¸É ¢²ÖÖ ¶μ·Ö¤±  103 ’Ô‚ [4Ä6] (¶·¨ μÉ¸ÊÉ¸É¢¨¨ Ë¥·³¨μ´´μ£μ
¸³¥Ï¨¢ ´¨Ö). �μ ÔÉμ° ¶·¨Î¨´¥ ¶·¨´ÖÉμ ¸Î¨É ÉÓ, ÎÉμ ÔËË¥±ÉÒ Î¥ÉÒ·¥ÌÍ¢¥Éμ¢μ° ¸¨³-
³¥É·¨¨ ±¢ ·±μ¢ ¨ ²¥¶Éμ´μ¢ ¤μ¸É ÉμÎ´μ ³ ²Ò, ÎÉμ¡Ò ¶·μÖ¢²ÖÉÓ¸Ö ¶·¨ Ê¸±μ·¨É¥²Ó´ÒÌ
Ô´¥·£¨ÖÌ. ‚¢¥¤¥´¨¥ Ë¥·³¨μ´´μ£μ ¸³¥Ï¨¢ ´¨Ö ³μ¦¥É ¶·¨¢¥¸É¨ ± ¸¨²Ó´μ³Ê μ¸² ¡²¥´¨Õ
μ£· ´¨Î¥´¨° ´  ³ ¸¸Ò ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·±μ¢ [7Ä9]. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´Ò
μ£· ´¨Î¥´¨Ö ´  ³ ¸¸Ò ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·±μ¢ ¸´¨§Ê ¨§ É¥±ÊÐ¨Ì ¤ ´´ÒÌ ¶μ ²¥¶Éμ´´Ò³
· ¸¶ ¤ ³ K0

L-, B0-, Bs-³¥§μ´μ¢ ¨¸Ìμ¤Ö ¨§ μ¡Ð¨Ì ¶·¥¤¶μ²μ¦¥´¨° μÉ´μ¸¨É¥²Ó´μ Ë¥·³¨-
μ´´μ£μ ¸³¥Ï¨¢ ´¨Ö. ‚ ´¥¤ ¢´¥° · ¡μÉ¥ [10] ¨¸¸²¥¤μ¢ ²¨¸Ó ¤ ´´Ò¥ ¶·μÍ¥¸¸Ò ¸ ¶·¥¤¶μ-
²μ¦¥´¨¥³, ÎÉμ ¢±² ¤ ¨§ · ¸¶ ¤μ¢ K0

L-³¥§μ´  ´Ê²¥¢μ°. — ¸ÉÓ ·¥§Ê²ÓÉ Éμ¢ ¢ ±· É±μ³ ¢¨¤¥
¡Ò²  ¶·¨¢¥¤¥´  ¢ · ¡μÉ¥ [8].
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ˆ´¤ÊÍ¨·Ê¥³Ò¥ ²¥¶Éμ±¢ ·± ³¨ ²¥¶Éμ´´Ò¥ · ¸¶ ¤Ò

Φpq → l+i l−j (4)

¶¸¥¢¤μ¸± ²Ö·´ÒÌ ³¥§μ´μ¢ Φpq , Ö¢²ÖÕÐ¨Ì¸Ö ¸¢Ö§ ´´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨ Φpq = (d̃pdq)0−

±¢ ·±- ´É¨±¢ ·±μ¢ÒÌ ¶ ·, ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ¢ ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³μ³ ¢¨¤¥ [11].
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�³¶²¨ÉÊ¤  · ¸¶ ¤  (4) ¸ ¶·¥´¥¡·¥¦¥´¨¥³ ¢ ´¥° ³ ²Ò³ ¶μ ¸· ¢´¥´¨Õ ¸ ³ ¸¸μ° ²¥¶-
Éμ±¢ ·±  ¶¥·¥¤ ¢ ¥³Ò³ ¨³¶Ê²Ó¸μ³ ¶μ¸²¥ ¶·¥μ¡· §μ¢ ´¨Ö ”¨·Í  ¨³¥¥É ¢¨¤

Mpq,ij = 〈0|d̄pγ
μγ5dq|Φpq〉(ūlj (pj)[FL

A γμPL + FR
A γμPR]pq,ijuli(−pi))+

+ 〈0|d̄pγ
5dq|Φpq〉(ūlj (pj)[FL

P PL + FR
P PR]pq,ijuli(−pi)), (5)

£¤¥

(FL,R
A )pq,ij = ∓1

2

∑
k

(gL,R
k )pi(g

L,R
k )∗qj

m2
V k

, (6)

(FL,R
P )pq,ij = ∓

∑
k

(gL,R
k )pi(g

R,L
k )∗qj

m2
V k

. (7)

‚Ìμ¤ÖÐ¨¥ ¢ (5) ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ  ±¸¨ ²Ó´μ£μ ¨ ¶¸¥¢¤μ¸± ²Ö·´μ£μ ±¢ ·±μ¢ÒÌ Éμ-
±μ¢ ¶ · ³¥É·¨§μ¢ ´Ò ¢ ¢¨¤¥

〈0|d̄pγ
μγ5dq|Φpq〉 = ifΦpqpμ, (8)

〈0|d̄pγ
5dq|Φpq〉 = −i m̄Φpq

fΦpq , (9)

£¤¥ fΦpq ¨ pμ = (pi + pj)μ Å Ëμ·³Ë ±Éμ· ¨ 4-¨³¶Ê²Ó¸ · ¸¶ ¤ ÕÐ¥£μ¸Ö ³¥§μ´ ,  

m̄Φpq
=

m2
Φpq

mQp + mQq

. (10)

ˆ¸¶μ²Ó§ÊÖ Ê· ¢´¥´¨¥ „¨· ±  ¤²Ö ²¥¶Éμ´´ÒÌ ¡¨¸¶¨´μ·μ¢,  ³¶²¨ÉÊ¤Ò (5) ¸ ÊÎ¥Éμ³ (8), (9)
¶·¨¢μ¤¨³ ± ¢¨¤Ê

Mpq,ij = i(ūlj(pj)[FLPL + FRPR]pq,ijuli(−pi)), (11)

£¤¥

FL,R
pq,ij =

[
FL,R

A ml−j
− FR,L

A ml+i
+ FL,R

P m̄Φpq

]
pq,ij

fΦpq . (12)

�μ¸²¥ ¸Ê³³¨·μ¢ ´¨Ö ±¢ ¤· É   ³¶²¨ÉÊ¤Ò (11) ¶μ ¶μ²Ö·¨§ Í¨Ö³ ±μ´¥Î´ÒÌ ²¥¶Éμ´μ¢
¤²Ö Ï¨·¨´ (4) ¨³¥¥³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥:

Γ(Φpq → l+i l−j ) =
mΦpq

16π

[
(|FL

pq,ij |2 + |FR
pq,ij |2)(1 − μ2

li − μ2
lj )−

− 2
( ∗
FL

pq,ijF
R
pq,ij + FL

pq,ij

∗
FR

pq,ij

)
μliμlj

]√
[1 − (μli + μlj )2][1 − (μli − μlj )2], (13)

£¤¥ μli = mli/mΦpq . ”μ·³Ê²  (13) ¶·¨ FL,R
pq,ij ¨§ (12), (6), (7) μ¶·¥¤¥²Ö¥É Ï¨·¨´Ò

· ¸¶ ¤μ¢ (4) ¢ ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³μ³ ¢¨¤¥.
�¡Ð¨¥ ¢ÒÎ¨¸²¥´¨Ö ¢±² ¤μ¢ ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·±μ¢ ¢ Ï¨·¨´Ò · ¸¶ ¤μ¢ K0

L-, B0- ¨
Bs-³¥§μ´μ¢ ¢¨¤ 

K0
L → l+i l−j (14)

¶·¨ i, j = 1, 2, l±i = e±, μ± ¨

B0 → l+i l−j , Bs → l+i l−j (15)
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¶·¨ i, j = 1, 2, 3, l±i = e±, μ±, τ± ¶·μ¢μ¤¨²¨¸Ó ¢ ³¨´¨³ ²Ó´μ° ³μ¤¥²¨ ¸ Î¥ÉÒ·¥ÌÍ¢¥Éμ¢μ°
¸¨³³¥É·¨¥° ¢¥±Éμ·´μ£μ É¨¶  ¸ ÊÎ¥Éμ³ Ë¥·³¨μ´´μ£μ ¸³¥Ï¨¢ ´¨Ö.

„²Ö ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ¢¥±Éμ·´Ò³ ²¥¶Éμ±¢ ·±μ³ μÉ´μ¸¨É¥²Ó´ÒÌ ¢¥·μÖÉ´μ¸É¥° · ¸¶ -
¤μ¢ (14) ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ (¶·¥´¥¡·¥£ Ö ³ ¸¸ ³¨ Ô²¥±É·μ´  ¨ ³Õμ´ 
(me, mμ 	 mK0)):

BR(K0
L → l+i l−j ) =

mK0πα2
stf

2
K0 m̄2

K0(RV
K0)2

4m4
V Γtot

K

κ
2
ij , (16)

£¤¥ m̄K0 = m2
K0/(ms + md), fK0 = 155,72 ŒÔ‚ Å Ëμ·³Ë ±Éμ· K0-³¥§μ´ , Ë ±Éμ·

RV
K0 = RK0(μK0 , Mc) ÊÎ¨ÉÒ¢ ¥É £²Õμ´´Ò¥ ¶μ¶· ¢±¨,   Ë ±Éμ·Ò

κij =

√
|κL

ij |2 + |κR
ij |2

2
(17)

¶·¨

κ
L,R
ij = (KL,R

2 )2i

∗
(KR,L

2 )1j + (KL,R
2 )1i

∗
(KR,L

2 )2j (18)

ÊÎ¨ÉÒ¢ ÕÉ Ë¥·³¨μ´´μ¥ ¸³¥Ï¨¢ ´¨¥ μ¡Ð¥£μ ¢¨¤ , Γtot
K Å ¶μ²´ Ö Ï¨·¨´  · ¸¶ ¤ 

K0
L-³¥§μ´ .
‚ Î ¸É´μ³ ¸²ÊÎ ¥ KL

2 = KR
2 ¶ · ³¥É· κij ¢μ¸¶·μ¨§¢μ¤¨É ¸μμÉ¢¥É¸É¢ÊÕÐ¨° Ë ±Éμ·

· ¡μÉ [4, 5]. ‚ ¸²ÊÎ ¥ KL
2 = KR

2 = I μÉ¸ÊÉ¸É¢¨Ö Ë¥·³¨μ´´μ£μ ¸³¥Ï¨¢ ´¨Ö κ12 = 1
¨ · ¸¶ ¤Ò K0

L → e∓μ± Ö¢²ÖÕÉ¸Ö ¥¤¨´¸É¢¥´´Ò³¨ · ¸¶ ¤ ³¨ ¢¨¤  (14). ‚ ÔÉμ³ ¸²ÊÎ ¥
Ï¨·¨´  · ¸¶ ¤  K0

L → e−μ+ ¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ Éμ³ · ¡μÉÒ [6].
ˆ´¤ÊÍ¨·Ê¥³Ò¥ ¢¥±Éμ·´Ò³ ²¥¶Éμ±¢ ·±μ³ μÉ´μ¸¨É¥²Ó´Ò¥ ¢¥·μÖÉ´μ¸É¨ · ¸¶ ¤μ¢ (15)

³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ, ´  ¶·¨³¥·¥ B0-³¥§μ´ , ¢ ¢¨¤¥

BR(B0 → l+i l−j ) =
mB0πα2

stf
2
B0 m̄2

B0(RV
B0)2

4m4
V Γtot

B0

β2
ij ,

β2
ij =

[
(|βL

ij |2 + |βR
ij |2)(1 − μ2

li − μ2
lj ) + 2(

∗
βL

ijβ
R
ij + βL

ij

∗
βR

ij)μliμlj

]
×

×
√

[1 − (μli + μlj )2][1 − (μli − μlj )2], (19)

£¤¥ m̄B0 = m2
B0/(mb + md), fB0 = 190,9 ŒÔ‚ Å Ëμ·³Ë ±Éμ· B0-³¥§μ´ , Ë ±Éμ·

RV
B0 = RB0(μB0 , Mc) ÊÎ¨ÉÒ¢ ¥É £²Õμ´´Ò¥ ¶μ¶· ¢±¨, Γtot

B0 Å ¶μ²´ Ö Ï¨·¨´  · ¸¶ ¤ 
B0-³¥§μ´ ,   ¶ · ³¥É·Ò

βL,R
ij = kL,R

ij − (μ̄l−j
k′L,R

ij + μ̄l+i
k′R,L

ij )/2 (20)

¶·¨ μ̄l±i
= ml±i

/(m̄B0RV
B0) ¨

kL,R
ij = (KL,R

2 )3i

∗
(KR,L

2 )1j , (21)

k′L,R
ij = (KL,R

2 )3i

∗
(KL,R

2 )1j (22)

¢ μ¡Ð¥³ ¢¨¤¥ ÊÎ¨ÉÒ¢ ÕÉ Ë¥·³¨μ´´μ¥ ¸³¥Ï¨¢ ´¨¥ ¢ ²¥¶Éμ±¢ ·±μ¢ÒÌ Éμ± Ì.
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‘ÊÐ¥¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ μ£· ´¨Î¥´¨Ö ´  ²¥¶Éμ´´Ò¥ · ¸¶ ¤Ò ¸μ¸É ¢²ÖÕÉ
¤²Ö K0

L-³¥§μ´  [12]:

BR(K0
L → eμ) < 4,7 · 10−12,

BR(K0
L → μ+μ−) = (6,84 ± 0,11) · 10−9, (23)

BR(K0
L → e+e−) = (9+6

−4) · 10−12

¨ ¤²Ö B0-, B0
s -³¥§μ´μ¢ [12Ä15]:

BR(B0 → eμ) < 1 · 10−9,

BR(B0 → eτ) < 2,8 · 10−5(∗),
BR(B0 → μτ) < 2,2 · 10−5(∗),

(24)
BR(B0 → μ+μ−) < 3,4 · 10−10,

BR(B0 → e+e−) < 8,3 · 10−8,

BR(B0 → τ+τ−) < 2,1 · 10−3,

BR(Bs → eμ) < 5,4 · 10−9(∗),
BR(Bs → μ+μ−) = (3,0+0,67

−0,63) · 10−9(∗),
(25)

BR(Bs → e+e−) < 2,8 · 10−7(∗),
BR(Bs → τ+τ−) < 6,8 · 10−3.

„²Ö ¢ÒÎ¨¸²¥´¨° ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶ · ³¥É·¨§ Í¨Ö ³ É·¨Í ¤μ¶μ²´¨É¥²Ó´μ£μ Ë¥·³¨μ´-
´μ£μ ¸³¥Ï¨¢ ´¨Ö ¢ ¸É ´¤ ·É´μ° Ëμ·³¥, ± ± ¤²Ö ³ É·¨ÍÒ Š ¡¨¡¡μÄŠμ¡ ÖÏ¨ÄŒ ¸± ¢Ò:

KL,R
2 =

⎡
⎢⎢⎣

cL,R
12 cL,R

13 sL,R
12 cL,R

13 sL,R
13

sL,R
12 cL,R

23 − cL,R
12 sL,R

23 sL,R
13 cL,R

12 cL,R
23 − sL,R

12 sL,R
23 sL,R

13 sL,R
23 cL,R

13

sL,R
12 sL,R

23 − cL,R
12 cL,R

23 sL,R
13 cL,R

12 sL,R
23 − sL,R

12 cL,R
23 sL,R

13 cL,R
23 cL,R

13

⎤
⎥⎥⎦ ,

£¤¥ sL,R
ij = sin ΘL,R

ij , cL,R
ij = cos ΘL,R

ij , ΘL,R Å Ê£²Ò ¸³¥Ï¨¢ ´¨Ö, §´ Î¥´¨Ö Ê£²μ¢ ¡¥·ÊÉ¸Ö
¢ ¶¥·¢μ³ ±¢ ¤· ´É¥. (�  ¶¥·¢μ³ ÔÉ ¶¥ ¢ÒÎ¨¸²¥´¨° Ë §Ò ´¥ ÊÎ¨ÉÒ¢ ÕÉ¸Ö.)

�·¨ ¢ÒÎ¨¸²¥´¨¨ Ï¨·¨´ · ¸¶ ¤μ¢ Φpq → l−i l+j ¨ Φ̃pq → l+i l−j ¸ li 
= lj Ï¨·¨´Ò
¸Ê³³¨·μ¢ ²¨¸Ó,

Γ(Φpq → lilj) ≡ Γ(Φpq → l−i l+j ) + Γ(Φ̃pq → l+i l−j ), (26)

ÎÉμ ¤μ¸É¨£ ¥É¸Ö ¸Ê³³¨·μ¢ ´¨¥³ Ë ±Éμ·μ¢ ¸³¥Ï¨¢ ´¨Ö

κ
(K0)
12 = κ

2
12 + κ

2
21, β

(B0,Bs)
ij = β2

ij + β2
ji, i, j = 1, 2, 3.

Œ¨´¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ³ ¸¸ ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·±μ¢, ¨§¢¥¸É´Ò¥ ¢ ²¨É¥· ÉÊ·¥ ¨
´ °¤¥´´Ò¥ ¶·¨ κij = 1 ¨ μ£· ´¨Î¥´¨ÖÌ (23), ¸μ¸É ¢²ÖÕÉ 2220, 360 ¨ 1750 ’Ô‚ ¸μ-
μÉ¢¥É¸É¢¥´´μ [11]. ‚ · ¡μÉ¥ [10] ¨¸¸²¥¤μ¢ ²¨¸Ó ¶·μÍ¥¸¸Ò · ¸¶ ¤μ¢ K0

L-, B0- ¨ Bs-
³¥§μ´μ¢ ¸ ÊÎ¥Éμ³ Ë¥·³¨μ´´μ£μ ¸³¥Ï¨¢ ´¨Ö ´ ¨¡μ²¥¥ μ¡Ð¥£μ ¢¨¤  ¨ ¢ ¶·¥¤¶μ²μ¦¥´¨¨,



12 �μ¢ ·μ¢ �. ‚.

ÎÉμ κ
(K0)
ij = 0. ‚ ´ Ï¥³  ´ ²¨§¥ É ±¨¥ ¤μ¶ÊÐ¥´¨Ö ´¥ ¤¥² ²¨¸Ó, ¨ ·¥§Ê²ÓÉ É ¤μ¸É¨£ ¥É¸Ö

¥¸É¥¸É¢¥´´Ò³ μ¡· §μ³. ‘μμÉ¢¥É¸É¢ÊÕÐ¨³ ¢Ò¡μ·μ³ Ê£²μ¢ ¸³¥Ï¨¢ ´¨Ö ¨³¥¥³ κ
(K0)
ij = 0,

¨ μÉ¸ÊÉ¸É¢¨¥ ¢±² ¤μ¢ ¨§ (23) ·¥ ²¨§Ê¥³μ ¢¸¥£¤ .
‘μ¢³¥¸É´μ¥ ¢ÒÎ¨¸²¥´¨¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤ ´´ÒÌ ¤²Ö ¢¸¥Ì · ¸¶ ¤μ¢ (23), (24) ¨ (25)

¶·¨¢μ¤¨É ± ¶μ´¨¦¥´¨Õ μ£· ´¨Î¥´¨Ö ´  ³ ¸¸Ê ¢¥±Éμ·´μ£μ ²¥¶Éμ±¢ ·± . ’ ±, ¶·¨ Ê£² Ì
¸³¥Ï¨¢ ´¨Ö

ΘL
12 =

π

8
, ΘR

12 =
61π

200
, ΘL

13 = ΘR
13 =

π

2
, ΘL

23 = ΘR
23 = 0

³ É·¨ÍÒ ¤μ¶μ²´¨É¥²Ó´μ£μ Ë¥·³¨μ´´μ£μ ¸³¥Ï¨¢ ´¨Ö ¨³¥ÕÉ ¢¨¤

KL
2 =

⎡
⎣ 0 0 −0,383

0 0 0,924
−0,818 0,574 0

⎤
⎦ , KR

2 =

⎡
⎣ 0 0 −0,818

0 0 0,574
−0,383 0,924 0

⎤
⎦ ,

¶·¨ ÔÉμ³

κ
(K0)
ij =

(
0 0
0 0

)
,

β
(B0)
ij =

⎛
⎝ 0 0 0,72

0 0 0,51
0,72 0,51 0

⎞
⎠ , β

(Bs)
ij =

⎛
⎝ 0,62 0,746 0

0,746 0,613 0
0 0 0

⎞
⎠ , (27)

¨ ³¨´¨³ ²Ó´μ¥ μ£· ´¨Î¥´¨¥ ´  ³ ¸¸Ê ¢¥±Éμ·´μ£μ ²¥¶Éμ±¢ ·±  ¸μ¸É ¢²Ö¥É mV > 91,5 ’Ô‚
(ÎÉμ ¡²¨§±μ ± ·¥§Ê²ÓÉ ÉÊ mV > 86 ’Ô‚ [10]).

Š ± ¢¨¤´μ ¨§ (27), ¢±² ¤ ¢ μ£· ´¨Î¥´¨¥ ³ ¸¸Ò ¢¥±Éμ·´μ£μ ²¥¶Éμ±¢ ·±  ¤ ÕÉ ¶·μ-
Í¥¸¸Ò B0 → eτ , B0 → μτ , ¶μ³¥Î¥´´Ò¥ (*) ¢ (24), ¨ B0

s → μ+μ−, B0
s → μe, ¨

B0
s → e+e− (25). ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ μÉ³¥É¨³ μÉ¸ÊÉ¸É¢¨¥ ¢±² ¤μ¢ ¨§ É ±¨Ì ¶·μÍ¥¸¸μ¢, ± ±

B0 → τ+τ−, B0 → μ+μ−, B0 → μe ¨ B0 → e+e−. „²Ö B0-³¥§μ´  ¶·μÍ¥¸¸Ò, ¤ ÕÐ¨¥
´¥´Ê²¥¢Ò¥ ¢±² ¤Ò, ¨³¥ÕÉ ¸² ¡Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ μ£· ´¨Î¥´¨Ö ¨ É·Ê¤´μμ¡´ ·Ê¦¨¢ -
¥³Ò, ¨ ¶μÔÉμ³Ê ¶¥·¸¶¥±É¨¢Ò ¤²Ö ´μ¢μ° Ë¨§¨±¨ ¢ B0-¸¥±Éμ·¥ ´¥¢¥²¨±¨. „²Ö B0

s -³¥§μ´ 
μÉ¸ÊÉ¸É¢¨¥ ¢±² ¤μ¢ μÉ ¸μ¤¥·¦ Ð¨Ì τ -²¥¶Éμ´ · ¸¶ ¤μ¢ B0

s → τ+τ−, B0
s → τμ ¨ B0

s → τe
´¥ É ± ±·¨É¨Î´μ, ¨ ¸²¥¤Ê¥É μ¦¨¤ ÉÓ, ÎÉμ Ê¢¥²¨Î¥´¨¥ ¸É É¨¸É¨±¨ ¢ B0

s -¸¥±Éμ·¥ ¶·¨¢¥¤¥É ¢
¡Ê¤ÊÐ¥³ ± ´μ¢Ò³ ¡μ²¥¥ ¸¨²Ó´Ò³ μ£· ´¨Î¥´¨Ö³ ´  ³ ¸¸Ò ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·±μ¢. �μ± 
¦¥ ¶·Ö³Ò¥ μ£· ´¨Î¥´¨Ö ¨§ Ô±¸¶¥·¨³¥´Éμ¢ ´  ´¨¦´ÕÕ £· ´¨ÍÊ ³ ¸¸Ò ¢¥±Éμ·´μ£μ ²¥¶Éμ-
±¢ ·±  � É¨Ä‘ ² ³  É¨¶  ¨§ B0

s → e∓μ± ¨ B0 → e∓μ± ¸μ¸É ¢²ÖÕÉ 107(126) ’Ô‚ [16]
(¶μ ¤ ´´Ò³ 2013 £. ¨ ¡¥§ ÊÎ¥É  Ë¥·³¨μ´´μ£μ ¸³¥Ï¨¢ ´¨Ö).

Š ± ¢¨¤¨³, ÊÎ¥É ¤μ¶μ²´¨É¥²Ó´μ£μ Ë¥·³¨μ´´μ£μ ¸³¥Ï¨¢ ´¨Ö ¶·¨¢μ¤¨É ± ¸´¨¦¥´¨Õ
μ£· ´¨Î¥´¨Ö ´  ³ ¸¸Ê ¢¥±Éμ·´μ£μ ²¥¶Éμ±¢ ·±  ¸´¨§Ê ¨§ ¶·μÍ¥¸¸μ¢ ¢¨¤  Φpq → l−i l+j
¸ 2200 ¤μ 91,5 ’Ô‚, ÎÉμ ´¨¦¥ μ£· ´¨Î¥´¨° ¨§ ¶·Ö³ÒÌ ¶μ¨¸±μ¢. Š·μ³¥ Éμ£μ,  ±Í¥´É ¢ ¶μ-
¨¸±¥ μ£· ´¨Î¥´¨° ´  ³ ¸¸Ò ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·±μ¢ ¶¥·¥´μ¸¨É¸Ö ¸ ¶·μÍ¥¸¸  K0

L → e∓μ±

¸ ¢Ò¸μ±¨³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ μ£· ´¨Î¥´¨¥³, ´μ ±μÉμ·μ¥ ³μ¦´μ ¨¸±²ÕÎ¨ÉÓ §  ¸Î¥É Ë¥·-
³¨μ´´μ£μ ¸³¥Ï¨¢ ´¨Ö, ´  B0

s → e∓μ± Å ¸ £μ· §¤μ ³¥´ÓÏ¨³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ μ£· -
´¨Î¥´¨¥³. Š·μ³¥ Éμ£μ, · ¸¶ ¤Ò B0

s -³¥§μ´  ¸ ÊÎ ¸É¨¥³ τ -²¥¶Éμ´μ¢ §  ¸Î¥É Ë¥·³¨μ´´μ£μ
¸³¥Ï¨¢ ´¨Ö ¸¨²Ó´μ ¶μ¤ ¢²ÖÕÉ¸Ö, Éμ£¤  ± ± ¤²Ö B0-³¥§μ´  μ´¨ μ¸É ÕÉ¸Ö ¥¤¨´¸É¢¥´´Ò³¨
´μ¸¨É¥²Ö³¨ ¨´Ëμ·³ Í¨¨ μ ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·± Ì (±·μ³¥ τ+τ−). �Éμ ¶μ§¢μ²Ö¥É ´ -
¤¥ÖÉÓ¸Ö, ÎÉμ ³ ¸ÏÉ ¡ ´ ·ÊÏ¥´¨Ö Î¥ÉÒ·¥ÌÍ¢¥Éμ¢μ° ¸¨³³¥É·¨¨ ³μ¦¥É ¡ÒÉÓ ´¥¢¥²¨±, ¨ ¥¥
¶·μÖ¢²¥´¨Ö ¢μ§³μ¦´Ò ¶·¨ ¸μ¢·¥³¥´´ÒÌ Ô´¥·£¨ÖÌ.



�£· ´¨Î¥´¨Ö ´  ³ ¸¸Ò ¢¥±Éμ·´ÒÌ ²¥¶Éμ±¢ ·±μ¢ ¨§ · ¸¶ ¤μ¢ K0
L → l+i l−j ¨ B0, B0

s → l+i l−j 13
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