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aNNOTACIQ

oSIPOW m.`. pODAWLENIE NEJTRALXNOGO PEREHODA �sW 0b W ODNOM WARIANTE MODELI DINAMI^ESKOGO

NARU[ENIQ \LEKTROSLABOJ SIMMETRII: pREPRINT ifw| 2002{27. { pROTWINO, 2002. { 16 S., 2 RIS.,
1 TABL., BIBLIOGR.: 14.

w RAMKAH ODNOGO IZ WARIANTOW MODELI DINAMI^ESKOGO NARU[ENIQ \LEKTROSLABOJ SIMMETRII RAS-
SMATRIWAETSQ WOPROS O WOZMOVNYH ANOMALXNYH WZAIMODEJSTWIQH s-KWARKA. dANNYJ WARIANT MODELI
DINAMI^ESKOGO NARU[ENIQ SIMMETRII SWQZAN SO SPONTANNYM WOZNIKNOWENIEM ANOMALXNOGO WZAIMO-
DEJSTWIQ TR<H KALIBROWO^NYH BOZONOW S KONSTANTOJ �V . oSOBOE WNIMANIE UDELQETSQ WOZMOVNOSTI
SU]ESTWOWANIQ W RAMKAH UKAZANNOJ MODELI ANOMALXNOGO NEJTRALXNOGO PEREHODA �sW 0b I SWQZANNYH
S NIM \FFEKTOW. w ^ASTNOSTI, POKAZANO, ^TO PRI WYPOLNENII OPREDEL<NNYH USLOWIJ IMEET MESTO

RE[ENIE, KOTOROE OPISYWAET \FFEKT PODAWLENIQ \TOGO NEJTRALXNOGO PEREHODA. pRI^<M DANNOE RE-
[ENIE SOGLASUETSQ KAK S \KSPERIMENTALXNYM OGRANI^ENIEM DLQ WELI^INY KONSTANTY �V , TAK I S
OPISANIEM OTKLONENIJ OT sTANDARTNOJ mODELI DLQ WELI^IN, SWQZANNYH S RASPADOM Z ! �bb.

Abstract

Osipov M.Yu. The Suppression of the Neutral �sW 0b Transition in a Variant of Dynamical Electroweak-
Symmetry Breaking Model: IHEP Preprint 2002{27. { Protvino, 2002. { p. 16, �gs. 2, tables 1, refs.: 14.

A possibility of anomalous coupling of s-quark is considered in the framework of a variant of dynamical
electroweak-symmetry breaking. The present variant of dynamical breaking of the electroweak symmetry
is connected with the spontaneous appearance of triple gauge boson coupling with constant �V . A special
attention is gived to the possibility of existence of neutral transition �sW 0b and e�ects which are connected
with the transition in the framework of this model. In particular, it is shown that there is a solution which
describes e�ects of suppression of the neutral transition under certain conditions. This solution agrees
both with experimental limitation for value of constant �V and with description of deviations from
Standard Model of some decay Z ! �bb parameters.
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sTANDARTNAQ mODELX (sm) \LEKTROSLABYH WZAIMODEJSTWIJ, KAK IZWESTNO, NAHODITSQ
W HORO[EM SOGLASII S SOWOKUPNOSTX@ \KSPERIMENTALXNYH DANNYH. oDNAKO, KAK BYLO PO-
KAZANO W RABOTAH [1], [2], SU]ESTWUET RQD \FFEKTOW, KOTORYE PRIWODQT K OTKLONENIQM

OT sTANDARTNOJ mODELI. tAKIE \FFEKTY NABL@DA@TSQ W PROCESSAH RASPADA Z ! �bb,
W ^ASTNOSTI, PRI RASSMOTRENII ZNA^ENIJ [IRINY DANNOGO RASPADA Rb I ASIMMETRII

WPER<D-NAZAD Ab
FB ROVDENIQ PARY �bb W \LEKTRON-POZITRONNYH STOLKNOWENIQH. |TI I DRU-

GIE \FFEKTY BYLI RASSMOTRENY W RAMKAH ODNOGO IZ WARIANTOW MODELI DINAMI^ESKOGO

NARU[ENIQ \LEKTROSLABOJ SIMMETRII [3], [5].
w UKAZANNOJ MODELI NARU[ENIE SIMMETRII PROISHODIT SWOEOBRAZNYM \DINAMI^ESKIM"

SPOSOBOM: W RAMKAH METODA KWAZISREDNIH n.n. bOGOL@BOWA [6]. w DANNOM WARIANTE \LEK-
TROSLABAQ SIMMETRIQ NARU[AETSQ BLAGODARQ WOZNIKNOWENI@ W TEORII DOPOLNITELXNOJ

KALIBROWO^NO-INWARIANTNOJ WER[INY WZAIMODEJSTWIQ \LEKTROSLABYH WEKTORNYH BOZONOW,
KOTORAQ \FFEKTIWNO DEJSTWUET W OBLASTI \MALYH" IMPULXSOW, OGRANI^ENNYH AWTOMATI^E-
SKI WOZNIKA@]IM W TEORII OBREZANIEM PO IMPULXSAM ^ASTIC. wER[INA WZAIMODEJSTWIQ

TREH BOZONOW W+;W�;W 0 S IMPULXSAMI I INDEKSAMI SOOTWETSTWENNO p; �; q; �; k; � IMEET
WID

�(W+;W�;W 0)���(p; q; k) =
i�V g

M2
W

F (p2; q2; k2) ����(p; q; k) ;

����(p; q; k) = g��(p�(qk)� q�(pk)) + g��(q�(pk)� k�(pq)) +

+ g��(k�(pq)� p�(qk)) + k�p�q� � q�k�p� : (1)

F (p2; q2; k2) =
�6

(�2 � p2)(�2� q2)(�2 � k2)
:

wER[INY WIDA (1) RASSMATRIWALISX, ISHODQ IZ FENOMENOLOGI^ESKIH SOOBRAVENIJ [8], [9],
SLEDSTWIQ WER[INY (1) IZU^ALISX \KSPERIMENTALXNO I SU]ESTWU@T \KSPERIMENTALXNYE

DANNYE DLQ �V [7]. a IMENNO PRQMYE \FFEKTY (IZMERENIE ROVDENIQ PAR W - I t-KWARKOW)
DA@T SLEDU@]IE \KSPERIMENTALXNYE OGRANI^ENIQ [7]:

�V = � 0:037 � 0:03; j�j � 0:5: (2)

nALI^IE FORMFAKTORA F (p2; q2; k2), SODERVA]EGO MNOVITELX OBREZANIQ �, OBESPE^IWAET
SHODIMOSTX PETLEWYH INTEGRALOW. tAKIM OBRAZOM, OSNOWNOE OTLI^IE DANNOGO WARIANTA

MODELI DINAMI^ESKOGO NARU[ENIQ \LEKTROSLABOJ SIMMETRII OT sm SOSTOIT W NALI^II

NOWOJ \FFEKTIWNOJ WER[INY (1).
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w DANNOJ RABOTE RASSMATRIWAETSQ WOPROS O WOZMOVNOSTI SU]ESTWOWANIQ ANOMALX-
NYH WZAIMODEJSTWIJ S U^ASTIEM s-KWARKA. sOGLASNO DANNYM \KSPERIMENTOW, POSWQ]<N-
NYH IZU^ENI@ \FFEKTOW, SWQZANNYH, W ^ASTNOSTI, S NEJTRALXNYM PEREHODOM �bW 0b(W 0 =
Z0 cos �W + A sin �W ), IMEET MESTO PODAWLENIE UKAZANNOGO NEJTRALXNOGO PEREHODA. mOVNO
POKAZATX, ^TO NEJTRALXNYJ PEREHOD �sW 0b W NA[EM WARIANTE MODELI TAKVE OKAZYWAETSQ

PODAWLENNYM PRI SOBL@DENII OPREDEL<NNYH USLOWIJ. dLQ \TOGO ISSLEDUEM WER[INY WZAI-
MODEJSTWIJ NEJTRALXNYH TOKOW �sW 0s, �sW 0b I ZARQVENNYH TOKOW �tW+s; �cW+s ANALOGI^NO
TOMU, KAK \TO BYLO SDELANO PRI RASSMOTRENII ANOMALXNYH WZAIMODEJSTWIJ S-KWARKA.
zAPI[EM UKAZANNYE WER[INY W SLEDU@]EM WIDE:
wER[INA �sW 0s:

�s�(p; q; k) =
ig

2Mt

xs F (p2; q2; k2) ��� k� : (3)

wER[INA �sW 0b:

�sb� (p; q; k) =
ig

2Mt

F (p2; q2; k2) ��� k� (x
sb
+
(1 + 
5) + xsb

�
(1� 
5)): (4)

wER[INA �tW 0s:

�ts� (p; q; k) =
ig

2Mt

F (p2; q2; k2) ��� k� (�
ts
+ (1 + 
5) + �ts� (1� 
5)): (5)

wER[INA �cW 0s:

�cs� (p; q; k) =
ig

2Mt

F (p2; q2; k2) ��� k� (�
cs
+
(1 + 
5) + �cs

�
(1� 
5)): (6)

wSLEDSTWIE KALIBROWO^NOJ INWARIANTNOSTI IME@T MESTO TAKVE WER[INY �ssW+W�,
�sbW+W�, �tsW+W 0, �csW+W 0:

�s��(p; q; k1; k2) =
ig

2
F (p2; q2; (k1+ k2)

2) xs��� ; (7)

ZDESX k1; � I k2; � SUTX SOOTWETSTWENNO IMPULXSY I INDEKSY W+- I W�-BOZONOW, A p; q |
IMPULXSY KWARKOW.

�sb��(p; q; k1; k2) =
ig

2
F (p2; q2; (k1+ k2)

2) ��� (x
sb
+ (1 + 
5) + xsb

� (1� 
5)); (8)

ZDESX, KAK I W PREDYDU]EM SLU^AE, k1; � I k2; � SUTX SOOTWETSTWENNO IMPULXSY I INDEKSY

W+- I W�-BOZONOW, A p; q | IMPULXSY KWARKOW.

�ts��(p; q; k1; k2) =
ig

2
F (p2; q2; (k1+ k2)

2) ��� (�
ts
+ (1 + 
5) + �ts� (1� 
5)); (9)

�cs��(p; q; k1; k2) =
ig

2
F (p2; q2; k2) ��� (�

cs
+ (1 + 
5) + �cs� (1� 
5)); (10)

GDE � I � | SOOTWETSTWENNO INDEKSY W+, W 0. zDESX FORMFAKTORY IME@T TOT VE WID,
^TO I W (1). nALI^IE WER[IN (3){(10) POZWOLQET SFORMULIROWATX WYRAVENIQ DLQ NOWYH

WER[IN SO STRUKTUROJ 
�k
2 � k�k̂:
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�̂ts� =
ig

Mt2
(
�k

2 � k�k̂)(�̂
ts
+ (1 + 
5) + �̂ts

�
(1 � 
5));

�̂cs� =
ig

Mt2
(
�k

2 � k�k̂)(�̂
cs
+ (1 + 
5) + �̂cs

�
(1 � 
5));

�̂ss� =
ig

Mt2
(
�k

2 � k�k̂)(x̂
ss
+ (1 + 
5) + x̂ss

�
(1 � 
5)); (11)

�̂sb� =
ig

Mt2
(
�k

2 � k�k̂)(x̂
sb
+ (1 + 
5) + x̂sb

�
(1 � 
5)):

uRAWNENIQ DLQ WER[IN (3){(10) PREDSTAWLENY W DIAGRAMMNOJ FORME NA pIS. 1. w RABO-
TAH [4], [2] BYL RASSMOTREN WOPROS O MASSE c-KWARKA, KOTORAQ OKAZALASX OTLI^NOJ OT NULQ.
pO\TOMU W DALXNEJ[EM MY WWED<M SLEDU@]IJ NENULEWOJ DOPOLNITELXNYJ PARAMETR:

� =
mc

Mt

; (12)

GDE mc I Mt | SOOTWETSTWENNO MASSY c- I t-KWARKOW.
pROWODQ WY^ISLENIE PETLEWYH INTEGRALOW W DIAGRAMMAH, PREDSTAWLENNYH NA RIS. 1,

POLU^AEM SOWOKUPNOSTX URAWNENIJ DLQ PARAMETROW MODELI, KOTORYE MOVNO SGRUPPIROWATX
W ^ETYRE OTDELXNYE SISTEMY. tAK, DLQ PARAMETROW �tb

�
I xb, �Sb

�
I xsb

�
POLU^AEM SISTEMU

�tb� =

 
�aUtb + k0(�̂

tb
+ +

p
2

9
(Utbŷ

tt
+ + Ucbŷ

ct
+ ))

!
xb +

+

 
�aUts + k0(�̂

ts
+ +

p
2

9
(Utsŷ

tt
+ + Ucsŷ

ct
+ ))

!
xsb� �

5

24
h�tb� +

+2b((yt � �xb)�tb� + �yct+�
cb
� ) � k0(ŷ

tt
+�

tb
� + yct+ �̂

cb
� + ŷct+�

cb
� + yt�̂tb�) +

+ k0

 
x̂bb�

 
�tb� �

p
2

9
(Utby

t + Ucby
ct
+ )

!
+ x̂sb�

 
�ts� �

p
2

9
(Utsy

t + Ucsy
ct
+ )

!!
+

+
a

2
Utb�x̂

bb
� �

a

2
p
2
�̂tb� ;

xb =

 
�aUtb + 2b�tb

+
+

10

9
k0�̂

tb
+

!
�tb
�
+

 
�aUcb + 2b��cb

+
+

10

9
k0�̂

cb
+

!
�cb
�
� h

4
xb �

� k0
9

 
x̂sb+x

sb
� + x̂sb�x

sb
+ + (x̂bb� + x̂bb+ )x

b

!
+

10

9
k0

 
�tb+ �̂

tb
� + �cb+ �̂

cb
�

!
+ (13)

+
a

2
(Utb�̂

tb
�
+ Ucb��̂

cb
�
);

�cb� =

 
�aUcb + k0(�̂

cb
+ +

p
2

9
(Utbŷ

ct
+ + Ucbŷ

cc
+ ))

!
xb +

+

 
�aUcs + k0(�̂

cs
+ +

p
2

9
(Utsŷ

ct
+ + Ucsŷ

cc
+ ))

!
xsb� �

5

24
h�cb� +

+2b(yct� �
tb
� + (�yc � �xb)�cb� ) � k0(ŷ

ct
+�

tb
� + yct� �̂

tb
� + ŷcc+ �

cb
� + yc�̂cb� ) +

+ k0

 
x̂bb�

 
�cb� �

p
2

9
(Utby

ct
� + Ucby

c)

!
+ x̂sb�

 
�cs� �

p
2

9
(Utsy

ct
� + Ucsy

c)

!!
+

+
a

2
Ucb�x̂

bb
� �

a

2
p
2
��̂cb� ;
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xsb
�

=

 
�aUts + 2b�ts+ +

10

9
k0�̂

ts
+

!
�tb
�
+

 
�aUcs + 2b��cs+ +

10

9
k0�̂

cs
+

!
�cb
�
� h

4
xsb
�
�

� k0
9

 
x̂sb
+
xb + (x̂bb

�
+ x̂ss

+
)xsb
�

+ x̂sb
�
xs
!

+
10

9
k0

 
�ts
+
�̂tb
�
+ �cs

+
�̂cb
�

!
+

+
a

2
(Uts�̂

tb
�
+ Ucs��̂

cb
�
);

x̂bb
+

= �b((�tb
+
)2 + (�cb

+
)2) � 2a(Utb�̂

tb
+
+ Ucb�̂

cb
+
); x̂bb

�
= �b((�tb

�
)2 + (�cb

�
)2);

�̂tb
�

= b(yt�tb
�
+ yct

�
�cb
�
� xb�tb+ � xsb

�
�ts+ ); x̂sb

�
= �b(�ts

�
�tb
�
+ �cs

�
�cb
�
);

�̂cb
�

= b(yct+�
tb
�
+ yc�cb

�
� xb�cb+ � xsb

�
�cs+ ):

sISTEMA URAWNENIJ DLQ PARAMETROW �tb+ , y
t, �ts+ , y

ct
� :

�tb+ =

 
aUtb � k0(�̂

tb
+ �

p
2

9
(Utbx̂

bb
+ + Utsx̂

sb
+ ))

!
yt +

+

 
aUcb � k0(�̂

cb
+ �

p
2

9
(Ucbx̂

bb
+ + Ucsx̂

sb
+ ))

!
yct� �

5

24
h�tb+ +

+2b((yt � �xb)�tb+ + �yct��
cb
+ ) + k0(x

b�̂tb+ + xsb+ �̂
ts
� + �ts+ x̂

sb
+ + �tb+ x̂

bb
+ ) +

+ k0

 
ŷtt
�

 p
2

9
(Utbx

b + Utsx
sb
+ ) � �tb+

!
+ ŷct

�

 p
2

9
(Ucbx

b + Ucsx
sb
+ ) � �cb+

!!
�

� a

2
(Utbŷ

tt
�
+ �Ucbŷ

ct
�
) � a

2
p
2
��̂tb
�
;

yt =

 
aUtb � 2b��tb

�
� 10

9
k0�̂

tb
+

!
�tb
+
+

 
aUts � 10

9
k0�̂

ts
+

!
�ts
+
� h

4
yt +

+
k0
9

 
(ŷtt

+
+ ŷtt

�
)yt + yct

+
ŷct
�
+ yct

�
ŷct
+

!
� 10

9
k0

 
�tb
�
�̂tb
�
+ �ts

�
�̂ts
�

!
� a

2
Utb��̂

tb
�
; (14)

�ts+ =

 
aUts � k0(�̂

ts
+ �

p
2

9
(Utbx̂

sb
+ + Utsx̂

ss
+ )

!
yt +

+

 
aUcs � k0(�̂

cs
+ �

p
2

9
(Ucbx̂

sb
+ + Ucsx̂

ss
+ )

!
yct� �

5

24
�ts+ +

+2b(�xsb
��

tb
+ � yt�ts+ � �yct

��
cs
+ ) + k0(x

sb
� �̂

tb
+ + xs�̂ts+ + x̂sb+ �

tb
+ + x̂ss+ �

ts
+ ) +

+ k0

 
ŷtt
�

 p
2

9
(Utbx

sb
�

+ Utsx
s) � �ts

+

!
+ ŷct

�
(

p
2

9
(Ucbx

sb
�

+ Ucsx
s) � �cs

+

!!
�

� a

2
(Utsŷ

tt
�
+ �Ucsŷ

ct
�
);

yct� =

 
aUcb � 2b��cb� � 10

9
k0�̂

cb
+

!
�tb+ +

 
aUcs � 10

9
k0�̂

cs
+

!
�ts+ � h

4
yct� �

+
k0
9

 
ycŷct� + (ŷcc+ + ŷtt�)y

ct
� + ytŷct+

!
� 10

9
k0

 
�cb� �̂

tb
� + �cs� �̂

ts
�

!
� a

2
Ucb��̂

tb
� ;

�̂tb+ = b(yt�tb+ + yct��
cb
+ � xb�tb� � xsb+ �

ts
� ) +

p
2a�̂tb+ �

� a(Utbx̂
bb
+ + Utsx̂

sb
+ � Utbŷ

tt
+ � Ucbŷ

ct
+ ) ;
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ŷtt+ = b((�tb
�
)2 + (�ts

�
)2) + 2a(Utb�̂

tb
+ + Uts�̂

ts
+ ); ŷtt

�
= b((�tb+)

2 + (�ts+ )
2);

�̂ts+ = b(yt�ts+ + yct+ �
cs
+ � xsb

�
�tb
�
� xs�ts

�
) +

p
2a�̂ts+ +

+ a(Utsŷ
tt
+ + Ucsŷ

ct
+ � Utsx̂

ss
+ � Utbx̂

sb
+ ); ŷct� = b(�tb+�

cb
+ + �ts+ �

cs
+ ):

sISTEMA URAWNENIJ DLQ PARAMETROW �Sb+ , ySt+ , �
cs
+ , y

c:

ytc+ =

 
aUtb � 2b��tb

�
� 10

9
k0�̂

tb
+

!
�cb+ +

 
aUts � 10

9
k0�̂

ts
+

!
�cs+ � h

4
yct+ �

� 10

9
k0

 
�tb
�
�̂cb
�

+ �ts
�
�̂cs
�

!
+

k0
9

 
ycŷct+ + (ŷcc

�
+ ŷtt+)y

ct
+ + ytŷct

�

!
� a

2
Utb��̂

cb
�
;

�cb+ =

 
aUtb � k0(�̂

tb
+ �

p
2

9
(Utbx̂

bb
+ + Utsx̂

sb
+ )

!
yct+ +

+

 
aUcb � k0(�̂

cb
+ �

p
2

9
(Ucbx̂

bb
+ + Ucsx̂

sb
+ )

!
yc � 5h

24
�cb+ �

+2b((�yc � �xb)�cb+ + yct+�
tb
+ ) + k0(x

b�̂cb+ + xsb+ �̂
cs
� + �cs+ x̂

sb
+ + �cb+ x̂

bb
+ ) +

+ k0

 
ŷct�

 p
2

9
(Utbx

b + Utsx
sb
+ ) � �tb+

!
+ ŷcc�

 p
2

9
(Ucbx

b + Ucsx
sb
+ ) � �cb+

!!
�

� a

2
(Utbŷ

ct
� + �Ucbŷ

cc
� ) �

a

2
p
2
��̂cb� ; (15)

yc =

 
aUcb � 2b��cb� � 10

9
k0�̂

cb
+

!
�cb+ +

 
aUcs � 10

9
k0�̂

cs
+

!
�cs+ � h

4
yc +

+
k0
9

 
(yc(ŷcc+ + ŷcc� ) + ŷct�y

ct
� + yct+ ŷ

ct
+

!
� 10

9
k0

 
�cb� �̂

cb
� + + �cs� �̂

cs
�

!
� a

2
Ucb��̂

cb
� ;

�cs+ =

 
aUts � k0(�̂

ts
+ �

p
2

9
(Utbx̂

sb
+ + Utsx̂

ss
+ )

!
yct+ +

+

 
aUcs � k0(�̂

cs
+ �

p
2

9
(Ucbx̂

sb
+ + Ucsx̂

ss
+ )

!
yc � 5h

24
�cs+ �

+2b(�yc�cs+ � �xsb� �
cb
+ + yct+�

ts
+ ) + k0(x

sb
� �̂

cb
+ + xs�̂cs� + �cs+ x̂

ss
+ + �cb+ x̂

sb
+ ) +

+ k0

 
ŷct�

 p
2

9
(Utbx

sb
� + Utsx

s) � �ts+

!
+ ŷcc�

 p
2

9
(Ucbx

sb
� + Ucsx

s) � �cs+

!!
�

� a

2
(Utsŷ

ct
� + �Ucsŷ

cc
� );

ŷcc
�

= b((�cb
+
)2 + (�cs

+
)2); ŷcc

+
= b((�cb

�
)2 + (�cs

�
)2);

�̂cb+ = b(yct��
tb
+ + yc�cb+ � xb�cb� � xsb+ �

cs
� ) +

p
2�̂cb+ �

� a(Ucbx̂
bb
+ + Ucsx̂

sb
+ � Utbŷ

ct
+ � Ucbŷ

cc
+ );

ŷct+ = b(�tb
�
�cb
�

+ �ts
�
�cs
�
) + a(Uts�̂

cs
+ + Utb�̂

cb
+ + Ucs�̂

ts
+ + Ucb�̂

tb
+ );

�̂cs
+

= b(yc�cs
+

+ yct
�
�ts
+
� xsb

�
�cb
�
� xs�cs

�
) +

p
2a�̂cs

+
+

+ a(Ucsŷ
cc
+ + Utsŷ

ct
+ � Ucsx̂

ss
+ � Ucbx̂

sb
+ ):

5



sISTEMA URAWNENIJ DLQ PARAMETROW �ts
�
; xs; �cs

�
; xsb

+
:

xs =

 
�aUcs +

10

9
k0�̂

cs
+

!
�cs
�

+

 
�aUts + 2b�ts

+
+

10

9
k0�̂

ts
+

!
�ts
�
� h

4
xs �

� k0
9

 
x̂sb+x

sb
�

+ x̂sb
�
xsb+ + (x̂bb

�
+ x̂bb+ )x

b

!
+

+
10

9
k0

 
�ts+ �̂

ts
�

+ �cs+ �̂
cs
�

!
+

a

2
(Uts�̂

ts
�

+ Ucs��̂
cs
�
);

xsb+ =

 
�aUtb + 2b�tb+ +

10

9
k0�̂

tb
+

!
�ts
�

+

 
�aUcb +

10

9
k0�̂

cb
+ )�

cs
�
) � h

4
xsb+ �

� k0
9

 
x̂sb+x

s + x̂sb
�
xb + x̂ss

�
xsb+ + x̂bb+x

sb
+

!
+

+
10

9
k0

 
�tb+ �̂

ts
�

+ �cb+ �̂
cs
�

!
+

a

2
(Utb�̂

ts
�

+ Ucb��̂
cs
�
); (16)

�cs
�

=

 
�aUcs + k0(�̂

cs
+ +

p
2

9
(Utsŷ

ct
+ + Ucsŷ

cc
+ )

!
xs +

+

 
�aUcb + k0(�̂

cb
+

+

p
2

9
((Utbŷ

ct
+
+ Ucbŷ

cc
+
)

!
xsb
+
� 5

24
h�cs
�

+

+2b(yct� �ts� + �yc�cs� � �xsb+ �
cb
� ) � k0(ŷ

ct
+�

ts
� + yct� �̂

ts
� + ŷcc+ �

cs
� + yc�̂cs� ) +

+ k0

 
x̂ss�

 
�cs� �

p
2

9
(Utsy

ct
� + Ucsy

c)

!
+ x̂sb+

 
�cb� �

p
2

9
(Utby

ct
� + Ucby

c)

!!
+

+
a

2
Ucb�x̂

sb
� � a

2
p
2
��̂cs� ;

�ts� =

 
�aUts + k0(�̂

ts
+ +

p
2

9
(Utsŷ

tt
+ + Ucsŷ

ct
+ )

!
xs +

+

 
�aUtb + k0(�̂

tb
+ +

p
2

9
((Utbŷ

tt
+ + Ucbŷ

ct
+ )

!
xsb+ � 5

24
h�ts� +

+2b(yt�ts� + �yct+ �
cs
� � �xsb+ �

tb
�) + k0(ŷ

tt
+�

ts
� + yt�̂ts� + ŷct+�

cs
� + yct+ �̂

cs
� ) +

+ k0

 
x̂ss�

 
�ts� �

p
2

9
(Utsy

t + Ucsy
ct
+ )

!
+ x̂sb+

 
�tb� �

p
2

9
(Utby

t + Ucby
ct
+ )

!!
+

+
a

2
Utb�x̂

sb
� � a

2
p
2
�̂ts� ;

�̂ts
�

= b(yt�ts
�

+ yct
�
�cs
�
� xsb

+
�tb
+
� xs�ts

+
);

�̂cs� = b(yc�cs� + yct+�
ts
� � xsb+ �

cb
+ � xs�cs+ );

x̂sb
+

= �b(�ts
+
�tb
+
+ �cs

+
�cb
+
) � 2a(Uts�̂

tb
+
+ Ucs�̂

cb
+
);

x̂ss+ = �b((�ts+ )2 + (�cs+ )
2) � 2a(Uts�̂

ts
+ + Ucs�̂

cs
+ ); x̂ss� = �b((�ts�)2 + (�cs� )

2); (17)

GDE WWEDENY SLEDU@]IE OBOZNA^ENIQ:
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a =
h

12
p
2
; b =

h

40
; � = sin2 �W ;

h =
��V�2

��M2
W

; K =
��2

�M2
t

; k0 =
9

24�
K: (18)

dANNAQ SISTEMA URAWNENIJ IMEET, WO-PERWYH, TRIWIALXNOE RE[ENIE, KOGDA WSE PARAMETRY,
OPISYWA@]IE RAZLI^NYE ANOMALXNYE PEREHODY MEVDU KWARKAMI, RAWNY NUL@.

w OB]EM SLU^AE W SILU NELINEJNOSTI UKAZANNOJ SISTEMY, SODERVA]EJ DOWOLXNO BOLX-
[OE KOLI^ESTWO PEREMENNYH, RE[ITX E< WESXMA ZATRUDNITELXNO. oDNAKO DANNU@ SISTEMU

MOVNO NESKOLXKO UPROSTITX, ESLI WWESTI SLEDU@]IE KOMBINACII PARAMETROW S ISPOLXZO-
WANIEM \LEMENTOW MATRICY SME[IWANIQ:

Uts�
tb
�
+ Ucs�

cb
�

= �sb; Uts�
ts
�

+ Ucs�
cs
�

= �;

Uts�̂
tb
+ + Ucs�̂

cb
+ = �̂sb; Uts�̂

ts
+ + Ucs�̂

cs
+ = �̂;

Utsy
t + Ucsy

ct
�

= �ts; Utsy
ct
+ + Ucsy

c = �cs; (19)

Utsŷ
tt
+ + Ucsŷ

ct
+ = �̂ts; Utsŷ

ct
+ + Ucsŷ

cc
+ = �̂cs;

Uts�̂
tb
�
+ �Ucs�̂

cb
�

= 
sb; Uts�̂
ts
�

+ �Ucs�̂
cs
�

= 
;

Utsŷ
tt
� + �Ucsŷ

ct
� = �ts; Utsŷ

ct
� + �Ucsŷ

cc
� = �cs: (20)

tOGDA, UMNOVAQ LEWYE I PRAWYE ^ASTI URAWNENIJ SISTEMY NA SOOTWETSTWU@]IE \LEMENTY

MATRICY SME[IWANIQ I ZATEM SKLADYWAQ IH TAK, ^TOBY W LEWYH ^ASTQH POLU^ALISX

WWED<NNYE WY[E KOMBINACII (19), ZAPI[EM SISTEMU URAWNENIJ SLEDU@]IM OBRAZOM:

�sb = k0x
b

 
�̂sb +

p
2

9
(Utb�̂ts + Ucb�̂cs)

!
� 5h

24
�sb + 2b(�ts�

tb
� + ��cs�

cb
� � ��sbx

b) +

+

 
� a + k0(�̂ +

p
2

9
(Uts�̂ts + Ucs�̂cs))

!
xsb� + k0(�

tb
� �̂ts + �cb� �̂cs + �̂tb��ts + �̂cb� �cs) +

+ k0

 
x̂bb�

 
�sb �

p
2

9
(Utb�ts + Ucb�cs)

!
+ x̂sb�

 
� �

p
2

9
(Uts�ts + Ucs�cs)

!!
�

� a

2
p
2

sb;

xsb� = � a�sb + 2b(�ts+�
tb
� + ��cs+ �

cb
� ) +

10

9
k0

 
�̂ts+ �

tb
� + �̂cs+ �

cb
� + �ts+ �̂

tb
� + �cs+ �̂

cb
�

!
�

� h

4
xsb� �

k0
9

 
x̂sb+x

b + (x̂bb� + x̂ss+ )x
sb
� + x̂sb�x

s

!
+

a

2

sb;

�ts = a�ts+ � 2b��sb�
tb
+ �

10

9
k0

 
�̂�ts+ + �̂sb�

tb
+ + ��̂ts+ + �sb�̂

tb
+

!
� h

4
�ts +

+
k0
9

 
�csŷ

ct
�
+ yt�̂ts + �tsŷ

tt
�
+ yct

�
�̂cs

!
;

�ts+ = a�ts + 2b(�xsb��
tb
+ � yt�ts+ � �yct��

cs
+ ) �

5

24
�ts+ �

� k0

 
yt
 
�̂ts
+
�
p
2

9
(Utbx̂

sb
+

+ Utsx̂
ss
+
)

!
+ yct

�

 
�̂cs
+
�
p
2

9
(Ucbx̂

sb
+

+ Ucsx̂
ss
+
)

!!
+

7



+ k0(x
sb
�
�̂tb+ + xs�̂ts+ + x̂sb

�
�tb+ + x̂s+�

ts
+ ) +

+ k0

 
ŷtt
�

 p
2

9
(Utbx

sb
�

+ Utsx
s) � �ts+

!
+ ŷct

�

 p
2

9
(Ucbx

sb
�

+ Ucsx
s) � �cs+

!!
�

� a

2
�ts;

�cs = a�cs+ � 2b��sb�
cb
+ � 10

9
k0

 
�̂�cs+ + �̂sb�

cb
� + ��̂cs+ + �sb�̂

cb
�

!
� h

4
�cs +

+
k0
9

 
�csŷ

cc
� + yc�̂cs + �tsŷ

ct
� + yct� �̂ts

!
;

�cs+ = a�cs + 2b(�xsb
�
�cb+ � yct

�
�ts+ � �yc�cs+ ) �

5

24
�cs+ �

� k0

 
yct
�

 
�̂ts+ �

p
2

9
(Utbx̂

sb
+ + Utsx̂

ss
+ )

!
+ yc

 
�̂cs+ �

p
2

9
(Ucbx̂

sb
+ + Ucsx̂

ss
+ )

!!
+

+ k0(x
sb
� �̂

cb
+ + xs�̂cs+ + x̂sb

�
�cb+ + x̂s+�

cs
+ ) +

+ k0

 
ŷct�

 p
2

9
(Utbx

sb
� + Utsx

s) � �ts+

!
+ ŷcc�

 p
2

9
(Ucbx

sb
� + Ucsx

s) � �cs+

!
�

� a

2
�cs; (21)

� = k0x
sb
+

 
�̂tb +

p
2

9
(Utb�̂ts + Ucb�̂cs)

!
� 5h

24
� + 2b(�ts�

ts
� + ��cs�

cs
� � ��sbx

sb
+ ) +

+

 
� a + k0(�̂ +

p
2

9
(Uts�̂ts + Ucs�̂cs)

!
xsb
�

+ k0(�
tb
�
�̂ts + �cb

�
�̂cs + �̂tb

�
�ts + �̂cb

�
�cs) +

+ k0

 
x̂bb
�

 
�sb �

p
2

9
(Utb�ts + Ucb�cs)

!
+ x̂sb

�

 
� �

p
2

9
(Uts�ts + Ucs�cs)

!!
�

� a

2
p
2

;

xs = �a� + 2b(�ts
+
�ts
�

+ ��cs
+
�cs
�
) +

10

9
k0

 
�̂ts
+
�ts
�

+ �̂cs
+
�cs
�

+ �ts
+
�̂ts
�

+ �cs
+
�̂cs
�

!
�

� h

4
xs � k0

9

 
x̂sb
+
xsb
+

+ (x̂ss
�

+ x̂ss
+
)xs + x̂sb

�
xsb
�

!
+

a

2

 ;

�̂ = b(�ts�
ts
+

+ �cs�
cs
+
� xsb

�
�sb � xs�) +

p
2a�̂ + a(b((�ts

+
)2 + (�cs

+
)2) +

+2a�̂ + Uts�̂ts + Ucs�̂cs);

�̂sb = b(�ts�
tb
+ + �cs�

cb
+ � xb�sb � xsb+�) +

p
2a�̂sb + a(b(�tb+�

ts
+ + �cb+ �

cs
+ ) +

+2a�̂sb + Utb�̂ts + Ucb�̂cs);

�̂ts = b(�sb(�
tb
�
� al1(Utbx

b + Utsx
sb
�
)) + �(�ts

�
� al1(Utbx

sb
+

+ Utsx
s))) +

+ abl1(�ts(Utb�
tb
+ + Uts�

ts
+ ) + �cs(Utb�

cb
+ + Uts�

cs
+ )) + a2l1(�̂ts � (Utsx̂

ss
+ + Utbx̂

sb
+ ));

�̂cs = b(�sb(�
cb
� � al1(Ucbx

b + Ucsx
sb
� )) + �(�cs� � al1(Ucbx

sb
+ + Ucsx

s))) +

+ abl1(�ts(Ucb�
tb
+ + Ucs�

ts
+ ) + �cs(Ucb�

cb
+ + Ucs�

cs
+ )) + a2l1(�̂cs � (Ucsx̂

ss
+ + Ucbx̂

sb
+ ));
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l1 =
1

1 � p
2a

;

�̂ts
+

= b(yt�ts
+
+ yct

+
�cs
+
� xsb

�
�tb
�
� xs�ts

�
) +

p
2a�̂ts

+
+

+ a(Utsŷ
tt
+
+ Ucsŷ

ct
+
� Utsx̂

ss
+
� Utbx̂

sb
+
);

�̂cs+ = b(yc�cs+ + yct
�
�ts+ � xsb

�
�cb
�
� xs�cs

�
) +

p
2a�̂cs+ +

+ a(Ucsŷ
cc
+ + Utsŷ

ct
+ � Ucsx̂

ss
+ � Ucbx̂

sb
+ );

x̂sb+ = �b(�ts+ �tb+ + �cs+ �
cb
+ ) � 2a(Uts�̂

tb
+ + Ucs�̂

cb
+ );

x̂ss+ = �b((�ts+ )2 + (�cs+ )
2) � 2a(Uts�̂

ts
+ + Ucs�̂

cs
+ ):

iSSLEDUEM WOPROS, MOVNO LI POLU^ITX NEKOTOROE RE[ENIE DANNOJ SISTEMY, KOTOROE
OPISYWAET \FFEKT PODAWLENIQ PEREHODA b! s, I ESLI TAKOE RE[ENIE SU]ESTWUET, TO KAK
ONO SOOTWETSTWUET \KSPERIMENTALXNYM DANNYM PO RASPADU Z ! �bb. zDESX SLEDUET OBRA-
TITX WNIMANIE NA TO, ^TO PARAMETRY, OPISYWA@]IE RAZLI^NYE PEREHODY MEVDU KWARKAMI

t; b I c, UVE RASSMATRIWALISX W RABOTAH [1], [2] PRI OPISANII \FFEKTOW OTKLONENIQ OT

sTANDARTNOJ mODELI, SWQZANNYH S RASPADOM Z ! �bb. tAK, \TI PARAMETRY U^ASTWOWA-
LI PRI WY^ISLENIQH OTNOSITELXNYH OTKLONENIJ [IRINY �b I ASIMMETRII WPERED-NAZAD
�b

FB . dLQ [IRINY I ASIMMETRII \KSPERIMENT [7] I sm DA@T SOOTWETSTWENNO SLEDU@]IE

ZNA^ENIQ: Rb(exp) = 0:21664 � 0:00068, Rb(theor) = 0:21569, Ab
FB(exp) = 0:0982 � 0:0017,

Ab
FB(theor) = 0:1036. dLQ OPISANIQ UKAZANNYH \FFEKTOW UDOBNO ISPOLXZOWATX SLEDU@]IE

OTNOSITELXNYE OTKLONENIQ:

�b =
Rb(exp)� Rb(theor)

Rb(theor)
= 0:004� 0:004;

�FB =
Ab
FB(exp)�Ab

FB(theor)

Ab
FB(theor)

= �0:052� 0:016: (22)

zDESX (exp) OZNA^AET \KSPERIMENTALXNYE ZNA^ENIQ, A (theor) | ZNA^ENIQ, DAWAEMYE sTAN-
DARTNOJ mODELX@. wOZMOVNYJ \FFEKT W PARAMETRE �FB , HOTQ I SOSTAWLQET 3.2 STAN-
DARTNYH OTKLONENIQ, ODNAKO NEIZMENNO FIKSIRUETSQ NA PROTQVENII UVE DLITELXNOGO

WREMENI.
kAK MOVNO LEGKO ZAMETITX, SISTEMU URAWNENIJ (21) MOVNO SDELATX ODNORODNOJ OT-

NOSITELXNO PEREMENNYH �sb; �; �ts; �cs; �̂sb; �̂; �̂ts; �̂cs; x
sb
� ; x

s; �ts+ ; �
cs
+ ; x̂

sb
+ ; x̂

ss
+ ; �̂

ts
+ ; �̂

cs
+ , ESLI PO-

TREBOWATX ODNOWREMENNOGO WYPOLNENIQ USLOWIJ RAWENSTWA NUL@ SLEDU@]IH KOMBINA-
CIJ: 
sb; 
; �ts; �cs; 0. eSLI WNIMATELXNO POSMOTRETX NA WYRAVENIQ DLQ KOMBINACIJ


sb; 
; �ts; �cs, TO MOVNO ZAMETITX, ^TO IH ODNOWREMENNOE OBRA]ENIE W NULX OSU]ESTWLQETSQ
PRI SLEDU@]EM SOOTNO[ENII MEVDU PARAMETRAMI: �tb+ ; �

cb
+ , MASSOJ c-KWARKA I \LEMENTAMI

MATRICY SME[IWANIQ

Uts�
tb
+ + �Ucs�

cb
+ = 0: (23)

iTAK, ESLI WYPOLNQETSQ SOOTNO[ENIE (23), MY IMEEM ODNORODNU@ SISTEMU URAWNENIJ. w
KA^ESTWE RE[ENIQ DANNOJ SISTEMY WYBEREM TRIWIALXNOE RE[ENIE, PRI KOTOROM SLEDU@]IE
PEREMENNYE RAWNY NUL@:

�sb = 0; � = 0; �ts = 0; �cs = 0;

�̂sb = 0; �̂ = 0; �̂ts = 0; �̂cs = 0; (24)
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xsb
�

= 0; xs = 0; �ts+ = 0; �cs+ = 0;

x̂sb = 0; x̂ss+ = 0; �̂ts+ = 0; �̂cs+ = 0:

zDESX SLEDUET OTMETITX, ^TO TAK KAK NAS INTERESUET PEREHOD b! s, MY BUDEM RASSMATRI-
WATX PARAMETRY xsb

�
. oBRATIMSQ K PERWYM URAWNENIQM PODSISTEM (13), (16) I RASSMOTRIM

ODNORODNYE URAWNENIQ SOOTWETSTWENNO DLQ PARAMETROW �tb
�
I �ts

�
. pROWEDQ WY^ISLENIQ,

POLU^IM SOWOKUPNOSTX ODNORODNYH URAWNENIJ:

Btb
�
�tb
�

= 0 (25)

Btb
�

=

 
a(1 � kbl0((�

tb
+)

2 + (�cb+ )
2 + (�tb

�
)2 + (�ts

�
)2)) � (l0 + 1)kb(y

t
0�

tb
+ +

+ (yct+ )0�
cb
+ ) �

ab

2
p
2
�tb+

! 
a � 2b�tb+ ++

ab

2
yt0 +

10

9
kb(y

t
0�

tb
+ +

+ (yct+ )0�
cb
+ )(l0 + 1)

!
lcx �

5

24
h + 2b(�xb0 � yt0) � kb((y

t
0)
2 + (yct+ )

2

0 +

+ l0x
2

0(1 + (�ts�=�
tb
�)

2))) � ab

2
��tb� �

ab

2
p
2
yt0 � 1;

lcx =
36

36 + 9h + 4k0b(9((�tb+)2 + (�cb+ )2) + (10l0 � 1)((�tb�)2 + (�ts� )2))) + 18ab�tb+
;

Bts
�
�ts
�

= 0 (26)

Bts
� =

 
a(1 � kbl0((�

tb
+ )

2 + (�cb+ )
2 + (�tb�)

2 + (�ts� )
2)) � (l0 + 1)kb(y

t
0�

tb
+ +

+ (yct
+
)0�

cb
+
) � ab

2
p
2
�tb
+

! 
a � 2b�tb

+
++

ab

2
yt
0
+

10

9
kb(y

t
0
�tb
+
+

+ (yct
+
)0�

cb
+
)(l0 + 1)

!
lcx �

5

24
h + 2b(�xb

0
� yt

0
) � kb((y

t
0
)2 + (yct

+
)2
0
+

+ l0x
2

0
(1 + (�ts

�
=�tb
�
)2))) � ab

2
��tb
�
� ab

2
p
2
yt
0
� 1; (27)

ZDESX ISPOLXZOWANO NULEWOE PRIBLIVENIE:

xb
0
= (�a + (2 + a2lcy)b�

tb
+
+ 10=9alcykb(l0 + 1)((�tb

+
)2 + (�cb

+
)2)�tb

�
lcx;

yt
0
= (a � (2 + a2lcx)b��

tb
+
� 10=9alcxkb(l0 + 1)((�tb

�
)2 + (�ts

�
)2))�tb

+
lcy; (28)

(yct
+
)0 = (a� (2 + a2lcx)b��

tb
+
� 10=9alcxkb(l0 + 1)((�tb

�
)2 + (�ts

�
)2))�cb

+
lcy:

lcy =
36

36 + 9h+ 4k0b(9(�tb�)2 + (�ts� )2 + (10l0 � 1)((�tb+)2 + (�cb+ )2) + 18ab��tb�
: (29)

oTS@DA WIDNO, ^TO OPREDELITELI Btb
� I Bts

� RAWNY MEVDU SOBOJ, I, SLEDOWATELXNO, W KA-
^ESTWE RE[ENIQ ODNORODNOGO URAWNENIQ (26) MOVNO WYBRATX KAK TRIWIALXNOE RE[ENIE

�ts� = 0, TAK I NETRIWIALXNOE, PRI^<M POSLEDNEE REALIZUETSQ PRI USLOWII RAWENSTWA

NUL@ OPREDELITELQ B� = Btb
�

= Bts
�
. kAK BYLO POKAZANO W [1], [2], NENULEWYE ZNA^ENIQ

DLQ OTNOSITELXNYH OTKLONENIJ �b;�
b
FB POLU^A@TSQ W SLU^AE NETRIWIALXNOGO RE[ENIQ

DLQ �tb� , PO\TOMU W DANNOM SLU^AE BUDEM S^ITATX, ^TO OSU]ESTWLQETSQ USLOWIE B� = 0,
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PRI KOTOROM ODNORODNOE URAWNENIE (26) OTNOSITELXNO PARAMETRA �ts
�
IMEET NETRIWIALX-

NOE RE[ENIE. zAMETIM, ^TO PARAMETR xsb
+
, OPISYWA@]IJ NEJTRALXNYJ PEREHOD MEVDU

LEWOPOLQRIZOWANNYMI s- I b-KWARKAMI, SWQZAN S �ts
�
SLEDU@]IM SOOTNO[ENIEM W NULEWOM

PRIBLIVENII:

xsb+ = (�a + (2 + a2lcy)b�
tb
+ + 10=9alcykb(l0 + 1)((�tb+)

2 + (�cb+ )
2)�ts

�
lcx: (30)

iTAK, MY PRI[LI K WYWODU, ^TO ESLI WYPOLNQETSQ USLOWIE (23), TO PRAWAQ KOMPONENTA
xsb� NEJTRALXNOGO PEREHODA �sWb RAWNA NUL@. kROME TOGO, LEWAQ KOMPONENTA xsb+ MOVET

PRINIMATX PROIZWOLXNYE ZNA^ENIQ, ESLI WYPOLNQETSQ USLOWIE RAWENSTWA NUL@ OPREDELI-
TELQ ODNORODNYH URAWNENIJ (25), (26). wY^ISLIM MASSU c-KWARKA S U^<TOM DIAGRAMM,
SODERVA]IH WKLADY S U^ASTIEM s-KWARKA. oDNOPETLEWYE DIAGRAMMY, DA@]IE WKLADY W

MASSU c-KWARKA I IME@]IE KWADRATI^NU@ RASHODIMOSTX, PREDSTAWLENY NA pIS. 2.
pOSLE WY^ISLENIQ PETLEWYH INTEGRALOW WYRAVENIE DLQ MASSY c-KWARKA S U^<TOM

SOOTNO[ENIJ (24) PRINIMAET WID

mc =
K

4�
Mt

 
3p
2
(Ucb�

cb
+ + Ucs�

cs
+ ) �

3

2
yc � yct+ y

ct
�
� 3
p
2Ucb��̂

cb
�

!
; (31)

yct� =

 
a � 2b��tb�=Utb +

ab

2
�xb0 +

10

9
kb(x

b
0�

tb
� + xsb+ �

ts
� )(l0 + 1)

!
�tb+Ucb;

yc =

 
a � 2b��tb

�=Utb +
ab

2
�xb0 +

10

9
kb(x

b
0�

tb
� + xsb+ �

ts
� )(l0+ 1)

!
�cb+Ucb:

oDNAKO MASSU c-KWARKA MOVNO TAKVE WYRAZITX INYM SPOSOBOM, A IMENNO IZ USLOWIQ (23):

�mc =
jUcbj�tb+
jUtbj�cb+

Mt: (32)

rASS^ITAEM OTNOSITELXNYE OTKLONENIQ [IRINY �b I ASIMMETRII Ab
FB OT sm [2], POD-

BIRAQ �tb� ; �
cb
+ TAKIM OBRAZOM, ^TOBY OPREDELITELX Btb (25) OBRA]ALSQ W NULX. rEZULXTATY

WY^ISLENIJ PREDSTAWIM W WIDE TABL. 1, ZAME^AQ PRI \TOM, ^TO mc | MASSA c-KWARKA,
NAJDENNAQ IZ WYRAVENIQ (31), A POD �mc PODRAZUMEWAETSQ MASSA c-KWARKA, WY^ISLENNAQ c
POMO]X@ SOOTNO[ENIQ (32). pRI \TOM W KA^ESTWE jUcbj WYBIRAETSQ SREDNEE ZNA^ENIE 0.039.

tABLICA 1.

�V �tb� �tb+ �cb+ �;t\B �b �b
FB � mc;g\B �mc;g\B

-0.03 0.173 0.05 0.1872 7.827 0.0023 -0.0377 -0.119 1.816 1.816
0.174 0.0506 0.1883 7.823 0.005 -0.0407 -0.121 1.827 1.83

-0.04 0.1971 0.0478 0.214 6.786 0.002 -0.0433 -0.114 1.555 1.557
0.1976 0.0494 0.21504 6.784 0.0058 -0.0442 -0.118 1.56 1.562

-0.045 0.2062 0.0475 0.2244 6.404 0.0013 -0.0426 -0.113 1.436 1.438
0.2073 0.0483 0.226 6.401 0.0053 -0.0448 -0.115 1.456 1.453

-0.05 0.2155 0.0465 0.2344 6.08 0.001 -0.0444 -0.111 1.349 1.349
0.217 0.0474 0.2363 6.077 0.0047 -0.0475 -0.113 1.365 1.364

-0.06 0.2314 0.0447 0.2516 5.559 0.0002 -0.047 -0.107 1.197 1.208
0.2335 0.0454 0.2541 5.555 0.0042 -0.0507 -0.109 1.219 1.215
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oCENKU DLQ ZNA^ENIQ �sb
+
MOVNO NAJTI IZ DANNYH PO OTNOSITELXNOJ [IRINE BR(b!

s
) = 3:21 � 0:43 � 10�4 [14], U^ITYWAQ, ^TO WER[INA (4) DA<T DLQ [IRINY RASPADA

�(b! s
) SLEDU@]EE WYRAVENIE:

�(b! s
) =
1

4M2
t

�mb((x
sb
+
)2 + (xsb

�
)2): (33)

zAKL@^ENIE

w ZAKL@^ENIIe OTMETIM, ^TO PRI RASSMOTRENII WOZMOVNOSTI ANOMALXNYH WZAIMODEJ-
STWIJ s-KWARKA W RAMKAH RASSMATRIWAEMOGO WARIANTA MODELI DINAMI^ESKOGO NARU[ENIQ

\LEKTROSLABOJ SIMMETRII NAJDENO ^ASTNOE RE[ENIE, PRIWODQ]EE K NULEWOMU ZNA^ENI@

PARAMETRA xsb
�
, KOTORYJ OPISYWAET WZAIMODEJSTWIE PRAWOPOLQRIZOWANNYH KWARKOW W PE-

REHODE b ! s. kAK BYLO POKAZANO, DANNOE RE[ENIE OSU]ESTWLQETSQ PRI SOOTNO[ENII

Uts�
tb
+ + �Ucs�

cb
+ = 0: zNA^ENIQ �tb+ ; �

cb
+ , PRI KOTORYH UDOWLETWORQETSQ DANNOE USLOWIE, PRI-

WODQT K NEPLOHIM REZULXTATAM DLQ OTNOSITELXNYH OTKLONENIJ [IRINY �b I ASIMMETRII

Ab
FB . pARAMETR xsb+ , HARAKTERIZU@]IJ U^ASTIE WO WZAIMODEJSTWII \LEWYH" KWARKOW, W

SILU RAWENSTWA NUL@ OPREDELITELQ Bts (26), PRI KOTOROM SU]ESTWUET TAKVE NETRIWIALX-
NOE RE[ENIE DLQ �tb

�
, MOVET BYTX OTLI^EN OT NULQ, I EGO ZNA^ENIQ MOGUT BYTX OCENENY

IZ \KSPERIMENTALXNYH OGRANI^ENIJ, NAKLADYWAEMYH NA OTNOSITELXNU@ [IRINU RASPADA

BR(b! s
).

aWTOR BLAGODAREN b.a. aRBUZOWU ZA OBSUVDENIQ I KRITI^ESKIE ZAME^ANIQ.

oBOZNA^ENIQ, ISPOLXZU@]IESQ W PREDSTAWLENNYH NIVE DIAGRAMMAH

q �¥àè¨­ë �â ­¤ àâ­®© �®¤¥«¨

x �­®¬ «ì­ë¥ ¢¥àè¨­ë: ¢¥àè¨­  (1)

¨ ¢¥àè¨­  á® áâàãªâãà®© ���k� ;

«¨­¨ï t-ª¢ àª ;

he �¥àè¨­  á® áâàãªâãà®© 
�k
2
� k̂k�;

«¨­¨ï b-ª¢ àª ;

shs he x ; q q q q q q «¨­¨ï c-ª¢ àª ; ¡®§®­­ ï «¨­¨ï;

h hsq ; �ã¬¬  «¨­¨© t, b, c ¨ s-ª¢ àª®¢.

«¨­¨ï s-ª¢ àª ;b b b b b b b
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��
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rrrr
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rrrr
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�
�

eh�
��AA

A

A
A
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rrrr
rrrr
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��
x

AA
AA

q q q q q q qb b b b b b b
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s bbbbb x

x

��
��
x

AA
AA

bbbbb x x

��
��

x

AA
AA

bbbbbb he ��
��

AA
AA

xbbbbb he hs xbbbbb hsxbbbbb ��
��

x

AA
AA

bbbbb x

��
��

sh AA
AA

q q q q q qb b b b b bbbbbbb ��
��

AA
AA

q q q q q qb b b b b bbbbbb hs b
b
b
b
b

�
�
�

eh

A
A
Abbbbb x

q
q
q
q
q b

b
b
b
b

�
�
�

eh

A
A
Abbbbb x

q
q
q
q
q b

b
b
b
b

�
�
�

x

A
A
Abbbbb x

q
q
q
q
q
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hb b b b b b b b b b ��
��
x

AA
AA

q q q q q q qb b b b bhs ��
��
x

AA
AA

q q q q q q qb b b b bhs x

x

b b b b b ��
��
x

AA
AA

q q q q q q qb b b b bx x

��
��

x AA
AA

b b b b bhe ��
��

AA
AA

xq q q q q q qb b b b bhe hs xq q q q q q qb b b b b hsxq q q q q q qb b b b b ��
��

x AA
AA

q q q q q q qb b b b bx

��
��

sh AA
AA

q q q q q q qb b b b b ��
��
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AA

q q q q q q qb b b b bhs qqqq
qqqq
qqqq
qqqq
qrrrrrrrrrrrrrrrrr�
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�
�

x�
��AAA

A
A
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hq q q q qbbbbb q q q q qbbbbb ��
��
x

AA
AA

q q q q qb b b b b bq q q q q qbbbbb hs b b b b b bq q q q q q��
��
x

AA
AA

q q q q qbbbbb hs bbbbb x

x

q q q q q ��
��
x

AA
AA

q q q q qbbbbb x x

��
��

x AA
AA

q q q q qbbbbbb he ��
��

AA
AA

xq q q q qbbbbb he hs xbbbbb q q q q q hsxbbbbb q q q q q ��
��

x AA
AA

q q q q qbbbbb x

��
��

b b b b b bq q q q q qsh AA
AA

q q q q qbbbbbb b b b b b bq q q q q q��
��
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AA

q q q q qbbbbb hs

q
q
q
q
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A
A
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�
�
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A
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�
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��
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AA
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rIS. 1. dIAGRAMMNOE PREDSTAWLENIE SISTEM URAWNENIJ (13)-(16).

q q q q q shb b b b b b b bq q q q q q q q q q hsq q q q qb b b b b b b b q q q q q q q q q q q q qhsq q q q q q q q q q q q q q q q q qhs q q q q q q q q q qx xq q q q q

rIS. 2. dIAGRAMMY, DA@]IE WKLADY W MASSU S-KWARKA.
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