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�Â,
1)

uÀ;

(�w���ÆÔn�>fEâÆ� �ë 116029)

Á� 3ºÚ9Ï�<óÚ(TC2)�.µee, ïÄ
¥5 top0fπ
0
t é�f�»�(LFV)L§

li → ljγ, li → ljlkll Ú t→ clilj ��z. �Ä��cµ→ eγL§�¢�þ�éTC2�.¥gdëê��


��, ?�ÚO�
 top0féL§ li → lj lkllÚ t→ clilj©|'�þf?�. ê�(JL², 3�Ü©

ëê�mS©|'���JpA�þ?. top0fé,
L§�?��A�N��ò5�¢�*ÿ�.

'�c ¥5 top0f(π0
t ) �f�»� (LFV) ©|'

1 Úó

>fé¡5»" (EWSB)Å�Ú¤�f�þ�5

´�câfÔnÆ��¯K��. IO�. (SM)

�¤�fÚf5�ÀÚfJø
�þ, �´§%ØU


)º¤�f�þ�)�ÄåÆ�Ï, �IþÜ©

��3²T5ÚØg,5�¯K. Ïd, SM�´$

Uk�nØ, 3pUI (TeV)AT�3�ÑSM�#

Ôn.

º§���þ (mt ≈ 178.0±4.36GeV)é�, §´

8c<�uy���âf. <�g,�±��º§

��þ�Ù¦�§�Ú�f��þ5ØÓ, �N§

�5ÚEWSBÅ�k,«éX. �âù«g�, <

�JÑ
�
�ÑSM�#Ôn�., Ù¥ºÚ9Ï

�<óÚ (TC2)�., �Ê·TC2�., top see-saw

�., ÚºÚ see-saw�.´4�;.�~f
[1]

.

¯¤±�, du�f�3aquCKM·ÜÝ


�o�Ý
, 3�¥�fvk�þ, �fêLe, Lµ Ú

Lτ gÄ�gÅð, 3SM¥Ø�3�f�»� (LFV)

L§. ,, ��¥�f¢�Ú�í¥�f¢�ê

â
[2]

y¢
¥�f�m�3��Ú�·Üy�, ùÒ

¿�X�fêØ2üÕÅð. d¢�êâ´3pUI

e�3�ÑSM#Ôn�1����yâ, ¤±SMI

��
?�, AT#NLFVL§(Xli → ljγ, li → ljlkll

Ú t → clilj)�3. ïÄù
LFVL§3pU¢�¥

�&Ò��&ÿ#ÔnJø��, ¤±<�3�Ñ

SM��
AÏ�.µeeéùaL§�
°(�

nØO�, �Ñ
�
k¿Â�Ôn(J. �©Ì

�ïÄTC2 �.
[3]

ýó�¥5 top0fπ
0
t éLFVL

§li → ljγ, li → lj lkll, t → clilj��z, ¿?Ø
3ò

5�pUéEÅ¢�¥&ÿd?��A��U5.

éuTC2�., EWSBÅ�Ì�dTC�p�^

½Ù¦�r�p�^�), ºÚ�p�^=éEWSB

Å�k��Ü©�z, �Jøº§��þ�Ì�Ü©.

Ïd, 3$U�Ì¥�3 top0fπ
±,0
t ´d�.�7

,A�. ¤±, ïÄ top0f3�cÚò5pU!$U

¢���U&Ò´�~k¿Â�, §U
�Ï<�3

éEÅ¢�¥Ïé top0f, �yr�p�^ÄåÆ

nØ.

duºÚ�p�^=�13�¤�fÍÜ, ¤±

TC2�.vkGIMÅ�, §��)�UC (FC)ÍÜ

º�, Ïdtop0f��)#�FCÍÜ. ¥5top0f

π
0
t���¤�fÍÜ/ª���

[1, 3—5]

mt√
2Ft

√

ν2
w−F 2

t

νw

[Ktt
URKtt∗

UL t̄γ5tπ0
t +Ktc

URKtt∗

UL t̄LcRπ0
t ]+

ml√
2νw

l̄γ5lπ0
t +

mτ√
2νw

Kτiτ̄ γ5liπ
0
t . (1)

Ù¥νw = ν/
√

2 = 174GeV, li(i = 1, 2)�L11 (12)
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��fe(µ), Kτi ´�·ÜÏfëê, Ft ≈ 50GeV´

top0fPC~ê�. KUL ÚKUR ´þ§��þé�

zÝ
MU �^=Ý
, K+
ULMUKUR = Mdia

U . �
�

)CKMÝ
�/ª, �ò§����
[4]

Ktt
UL ≈ 1, Ktt

UR = 1−ε, Ktc
UR 6

√
2ε−ε2 . (2)

3�¡�O�¥·�ò�Ktc
UR =

√
2ε−ε2, ε´��g

dëê, ���0.01—0.1
[1, 3]

.

�©(�Xeµ12Ü©O�π
0
t éLFVL§li →

ljγÚ li → ljlkll ��z. ^LFVL§µ→ eγ�¢�þ

��Ñ§é�·ÜÏf���, 3dÄ:þ?�ÚO

�
©|'Br(li → ljγ)ÚBr(li → ljlkll)��; 13Ü

©?Øπ
0
t é©|'Br(t → clilj)��z; 14Ü©�

Ñ(Ø.

2 LFVL§ li → ljγ, li → ljlkll

2.1 LFVL§ li → ljγ

¥�f��¢�
[2]

L²üÕ��fêLe,µ,τ »�,

LFVL§(X li → ljγÚ li → lilj ll)�3. ù
L§�©

|'3äkmÃ¥�f�SM¥�~�. ©z [6]�Ñ

Br(µ → eγ) < 10−47, Xd��©|'´ØU�ò5

�¢�*ÿ��. �c li → ljγL§©|'�¢��þ

��
[7]

Br(τ→µγ) < 1.1×10−6,

Br(τ→ eγ) < 2.7×10−6, (3)

Br(µ→ eγ) < 1.1×10−11.

l�§ (1)�wÑπ
0
t ��éLFVL§ li → ljγ�

)ü�?�z, Ù¤ùãXã1¤«. ã1¥¤�fS

��±´τ, µ½e. �´, S�DÂf/ª�
m2

f

s−m2
f

(
√

s´�%Uþ, mf ´�f�þ), s ≫ m2
f , �éu

�fτ5`�fµÚe��þé�, ¤±=�τ��¤

�fS�.

ã 1 ¥5 top0fπ
0
t éLFVL§ li → ljγ�z�¤ùã

^�§ (1)ÚÙ¦¤ù5KLFVL§ li → ljγ�

PC°Ý���
[5]

Γ (τ→mγ)=
m5

τ
k2

τmαe

2048ν4π4

[

F 2
1−

1

2
m2

τ
(F 2

2+F2F3)−mτF1F2

]

,

(4)

Ù¥m= µ½e , Fi L«�

F1 = B0 +m2
πt

C0−2C24 +

m2
τ
(C11−C12)−B∗

0 −B
′

1, (5)

F2 = 2mτ(−C21−C22 +2C23), (6)

F3 = 2mτ(C22−C23). (7)

Γ (µ→ eγ)=
m4

τ
mµk2

τµ
k2

τeαe

2048ν4π4
•

[

F ′2
1 −mµF ′

1F
′

2−
1

2
m2

µ
(F ′2

2 +F ′

2F
′

3)

]

(8)

Ù¥

F
′

1 = m2
µ
(C11−C12)+mτ(mµ−mτ)C0−2C24 +B0 +

m2
πt

C0−
mτ

mµ

B∗

0 +
mτ−mµ

mµ

B
′

0−B
′

1, (9)

F
′

2 = 2[(mτ−mµ)(C11−C12)−
mµ(C21 +C22−C23)], (10)

F
′

3 = 2[mτC12 +mµ(C22−C23)]. (11)

ü:Ún:IþÈ©¼êBn, C0, Cij�L�ª�

Cij = Cij(−pl, pγ, mπt
, mτ, mτ),

C0 = C0(−pl, pγ, mπt
, mτ, mτ), (12)

B0 = B0(pγ, mτ, mτ),

B∗

0 = B0(−pm, mπt
, mτ),

B
′

1 = B
′

1(−pl, mπt
, mτ), (13)

Ù¥mπt
´ top0f��þ, Pm(m = µ½e)´"��

f�Äþ, Pl ´Ð��f��þ. l = τ½µ, ©OéA

Xτ�fPCτ → eγÚµ�fPCµ→ eγ. þ¡��

§¥b�"��f�þ�0.

eb�·ÜÏfkτµ �ukτe, @oéumµ ≈ 0,

me ≈ 0ÒkΓ (τ→ µγ)≈ Γ (τ → eγ). L§ li → ljγ�

©|'Br(li → ljγ)���

Br(τ→µγ)≈Br(τ→ eγ)=

Brexp(τ→ eνeντ)
Γ (τ→ eγ)

Γ (τ→ eνeντ)
, (14)

Br(µ→ eγ)=
Γ (µ→ eγ)

Γ (µ→ eνeνµ)
, (15)

Ù¥

Γ (τ→ eνeντ)=
m5

τ
G2

F

192π3
, Γ (µ→ eνeντ)=

m5
µ
G2

F

192π3
.(16)
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3O�¥�¤�ÍÜ~êGF = 1.16637×10−5GeV−2,

©|'Br(τ → eνeντ)°(¢�ÿþ�Brexp(τ →
eνeντ)= (17.83±0.06)%

[7]
.

ê�O�¥�SM�ëêαe(mZ) =
1

128.8
, mτ =

1.777GeV, mµ = 0.105GeV
[7]

. Ø
ù
ëê±	, ©

|'�6uTC2�.�3�gdëê: ε, mπt
, kτl. é

top0f�þmπt
����ÏLïÄÙé,
*ÿþ

��z�Ñ
[1], 8c<����mπt

�AzGeV.

ã 2 � Ñ 
 © | ' Br(µ → eγ) � · Ü Ï f k

�Cz�. �
'�π
0
t ���)�Br(µ → eγ)

ê � � � c ¢ � � � �, · � ^ Y ² ¢ � L «

Br(µ → eγ) = 1.1× 10−11. lã2 �±wÑ©|'

Br(µ → eγ)���Xmπt
�O\ü$, �k �O\

,p. 3��ëê�m, ©|'Br(µ → eγ)�ê��

�32.5×10−12—1.4×10−7. ÏLaq�O�, ���

�3TC2�.�Ü©ëê�mS, LFVL§ li → ljγ

�©|'Br(τ →µγ)≈Br(τ→ eγ)< 2×10−10, d(

J��'�cτ → lγ¢�þ�$4�þ?, ¤±·�

vkx�A�Cz�.

ã 2 ©|'Br(µ→ eγ)��·ÜÏfk �Cz�

ã 3 ·ÜÏfk �#N��mπt
�Cz�

�Ä��c¢�éLFVL§µ → eγ���, b

�150GeV6 mπt
6400GeV, �Ñ
é·ÜÏfk �

��(Xã3¤«). lã3�±wÑk �ê��mπt
O

\O\. XJ�¦mπt
�u400GeV, @o7Lk

k 6 0.21
[5]

. Ïd, �cLFVL§µ → eγ�¢�þ�

éTC2�.�gdëêk kér���.

2.2 LFVL§ li → lj lkll

3TC2�.¥, ¥5 top0fπ
0
t éLFVL§ li →

lj lkll �z�¤ùãXã4¤«. 3ã4(b), (c), (d)¥,

�k = l.

ã 4 π
0
t éLFVL§ li → lj lkll �z�¤ùã

Äk�Ä¥5 top0fπ
0
t éLFVL§ li → lj lkll

�ä?�z(Xã4(a)). éuL§µ → 3e, π
0
t �ÏL

FCIþÍÜπ
0
tµeédL§�)�z, �´ºÚ�p

�^��13 �¤�fk', �11 �Ú12 �¤�

f��·Ü�~�kµe ≈ 0
[4]

. Ïd, π
0
t ��é©|'

Br(µ → 3e)�ä?�z�0. ¥5 top0fπ
0
t �ÏL

FCÍÜπ
0
tτe, π

0
tτµéLFVL§τ→ 2µeÚτ→ 2eµ�

)�z. =�Äπ
0
t éü�?�z�τ→ lilj lk L§�P

C°Ý���

Γ (τ→ 3e) =
m7

τ
m2

e

1042π3m4
π
ν4

k2, (17)

Γ (τ→ 3µ) =
m7

τ
m2

µ

1042π3ν4m4
π

k2, (18)

Γ (τ→ 2µe) =
m7

τ
m2

µ

3072π3m4
π
ν4

k2, (19)

Γ (τ→ 2eµ) =
m7

τ
m2

e

3072π3m4
π
ν4

k2, (20)

Ù¥ml(l = µ, e, τ)L«�f��þ.

2�Äπ
0
t (Xã4(b), (c), (d))éLFVL§ li →

lj lkll �ü�?�z(Xã4(b), (c), (d)). �ã1aq,

è�ãS�=�τ ¤�f�. ��Bå�^©|'

Br(li → ljγ)5L«Br(li → ljlkll). Br(li → lj lkll)�
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��

Br1-loop(τ→ 3µ)= Br1-loop(τ→ 3e)=

Br1-loop(τ→ 2µe)= Br1-loop(τ→ 2eµ)≈
αe

3π

(

ln
m2

τ

m2
µ

− 11

4

)

Br(τ→ eγ), (21)

Br1-loop(µ→ 3e)≈ αe

3π

(

ln
m2

τ

m2
µ

− 11

4

)

Br(µ→ eγ).

(22)

b � mµ ≈ 0, me ≈ 0 Ò � � Br(τ → eγ) ≈
Br(τ → µγ). Br(τ → eγ)ÚBr(µ → eγ)�A�L

�ªd�§(14)Ú(15)�Ñ.

'�π
0
t ���äãÚü�ãé li → lj lkll ��z,

·�uyéu©|'Br(τ → 2eµ), Br(τ → 3e), Ú

Br(µ → 3e), ü�ã�z���'äã�z�4�þ

?. ù´Ï��é�ÍÜπ
0
tee�

me

ν
¤�', me ��

é�, §éù
©|'kér�Ø$. �´, éuL§

τ → 3µÚτ→ 2µe, ùü«�z´Óþ?�. Ïd, 3

O�τ→ 3e, τ→ 2eµÚµ→ 3e��Ñ
ä?�z.

�Ä��cµ → eγ L§�¢�þ�(Br(µ →
eγ) 6 1.1×10−11)égdëêmπt

Úk ���, �éN

´��©|'Br(µ→ 3e)��. (JL²Ùê���

�u2.87×10−14, ùk�U3e��¢�¥&ÿ�.

ò ä ? � z Ú ü � ? � z � \, w , � �

� Br(τ → 3e) ≈ Br(τ → 2eµ), Br(τ → 3µ) ≈
Br(τ → 2µe). ¤ ± ã 5 ¥ � x 
 ü ^  �, =

Br1 = Br(τ → 3e)ÚBr2 = Br(τ → 3µ). lã5 �

±wÑ©|'�mπt
�O\ü$. �mπt

< 400GeV

�, Br(τ → 3e) ≈ Br(τ → 2eµ) > 1.1 × 10−15,

Br(τ → 3µ) ≈ Br(τ → 2µe) > 3.1× 10−15. =¦�

mπt
= 200GeV, ©|'Br(τ → 3µ)��=U��

1.54×10−14, ù�$uτ→ liljlk ¢��Ñ���(10−6

½10−7)
[7, 8]

.

ã 5 ©|'Br(li → lj lkll)�mπt
�Cz�

Br1 = Br(τ→ 3e), Br2 =Br(τ→ 3µ).

3 ¥5top0fÚt→ clilj

òã4¥ li, lj , lk, ll ©OO��t, c, li, lj �±��

¥5 top0fπ
0
t éLFVL§ t → clilj ?��¤ùã.

Äk�Äπ
0
t éº§�DkPC t→ cll(l = τ,µ,e)��

z. ^�§(1), (2)Ú�'�Ù¦¤ù5K, t → cll�

�z�Ì���
[9]

M1 = Mtree +Mloop, (23)

Mtree = A1ūcγ5ut

i

q2−m2
πt

+imπt
Γtotal

ūlγ5vl, (24)

Mloop = ūl(−ieγ
ν
)vl

−igµν

p2
γ
+iε

ūcΛtcγ,µut, (25)

Λtcγ,µ = A2[γµF1 +pt,µF2 +pc,µF3] (26)

Ù¥

A1 = i
mt√
2Ft

√

ν2
w−F 2

t

νw

Ktc
URKtt∗

UL

ml

ν
,

A2 =
i

16π2

em2
t

3F 2
t

ν2
w−F 2

t

ν2
w

Ktc
URKtt

UR(Ktt∗

UL )2

F1 = [(mc−mt)(−mtC11 +mtC12 +mcC12)−
2C24 +m2

π
C0 +B0−B∗

0 −B
′

1],

F2 = 2mc(C22−C23)+2mt(2C23−C21−C22),

F3 = −2(mc−mt)(C12 +C22)−2mtC23.

Ù¥q ´π
0
t �o�Äþ, Γtotal ´π

0
t �oPC°Ý, Ù

L�ª3©z [10]¥®²�Ñ.

π
0
t ���éLFVL§ t → cτl(l = µ½e) �)ä

?�z. �z�Ì�

M2 = A3ūcγ5ut

i

q2−m2
πt

+imπt
Γtotal

ūµγ5vτ, (27)

A3 = i
mt√
2Ft

√

ν2
w−F 2

t

νw

Ktc
URKtt∗

UL

mτ

ν
Kτl . (28)

PC°ÝΓ (t → clilj)�de¡��mÈ©��

L�ª��,

Γ (t→ clilj)=
1

2mt

∫
(2π)4δ4(pt−pc−pli −plj) •

∑

|M |2 d3pc

(2π)32Ec

d3pli

(2π)32Eli

d3plj

(2π)32Elj

, (29)

Ec, Eli ÚElj ©OéA"�âfc, li Ú lj �Uþ.

3 ê � O � ¥, · � b � º § � o P C ° Ý

Γt ≈ Γ (t → wb), � � Γ (t → wb) = 1.56GeV,

mt = 175GeV, mc = 1.2GeV
[7]

.
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Xã6 ¤«©|'Br(t → cττ)�mπt
O\~

�, �εO\O\. 3TC2�.���ëê�m¥,

©|'Br(t → cττ)����uBr(t → cµµ). ~X,

éumπt
= 200GeVÚε = 0.05, ©|'Br(t→ cττ)Ú

Br(t → cµµ) ��©O´8.2×10−8 Ú5.6×10−9. ¥

5 top0fπ
0
t é©|'Br(t → cττ), Br(t → cµµ)Ú

Br(t → cee)�ü�?�zA�´���, ê��u

5×10−9. π
0
t é©|'Br(t → cll)�ä?�z�'u

m2
l

ν
. Ïd, éuL§ t→ cττ, ä?�z��'ü�?

�z�ü�êþ?, éuL§ t→ cµµ, ä?�zÚ

ü�?�z3Ó�þ?.

ã 6 ©|'Br(t→ cττ)�mπt
�Cz�(�)

ä?Úü�?��z)

éuL§ t → cee, ä?�z�Ïf
m2

e

ν2
é©|'

Br(t→ cee)kér�Ø$, Br(t→ cee)Ì�dü�ã

�), ê��u5×10−9. Ïd, XJ�3pU¢�¥

ÏLº§�DkPC t→ cll&ÿπ
0
t ��U&Ò, Äk

AT�ÄL§ t → cττ. 'X, XJ�mπt
= 150GeV,

ε = 0.08, ©|'Br(t→ cττ)�����7.1×10−7.

ã 7 ©|'Br(t→ cτµ)≈Br(t→ cτe)�mπt
�Cz�

lþ¡�?Ø, �±wÑπ
0
t =éº§�DkP

C t → cτl(l = µ½e)�)ä?�z. �Ä�LFVL§

µ → eγ�¢�þ�é�·ÜÏfk ���, ·�O�


©|'Br(t→ cτl)��, (JXã7¤«. lã7�

±wÑ, �0.02 6 ε 6 0.08Ú150GeV6mπt
6400GeV

�, ©|'Br(t → cτµ) ≈ Br(t → cτe)�ê����

1.8×10−10—1.7×10−8.

4 (Ø

TopcolornØ�ÊHA�´ýó
 top0f��

3. top0f�13�¤�fkér�ÍÜ, ��)#

�FCIþÍÜ, Ïd�éFCL§�)k���z.

top0féFCL§�z���dÙ�þÚ�'�·

ÜÏf�ê�û½.

�©ïÄ
TC2 �.ýó� top0fπ
0
t éLFV

L§ li → ljγ, li → lj lkll Ú t → clilj ��z. ·�u

y3TC2 �.��ëê�mS©|'Br(τ → eγ)

��Cq�uBr(τ → µγ), ê��u2× 10−10. d

(J��'�cτ → lγ �¢�þ�$4 �þ?, Ï

dØU3ò5�¢�¥&ÿ�. �cµ → eγ ¢�

þ�éTC2�.gdëêmπt
Úk kér���. Ä

uù
��, ?�ÚO�
π
0
t éLFVL§ li → lj lkll

��z. éuLFVL§µ → 3e, τ → 3e Úτ → 2eµ,

5gè�ã��z��'äã��z�4 �þ?,

¤±3O�¥·��Ñ
äã�z, �Ñ©|'

Br(µ → 3e)�����u2.87× 10−14. 3e��

p U ¢ � ¥ k � U * ÿ � ¥ 5 top 0 f é d L §

�?��A. ©|'Br(τ → 3e) ≈ Br(τ → 2eµ)Ú

Br(τ → 3µ) ≈ Br(τ → 2µe)���u1.54×10−14, �

$u¢��Ñ�ù
L§�¢�þ�(10−6 ½10−7),

Ïdò5�¢�Ø�UÏLù
L§&ÿπ
0
t ��U

,�.

éuLFVL§ t → clilj, O�(JL²: ©|'

Br(t → cτµ) ≈ Br(t → cτe), Ùê�31.8× 10−10—

1.7× 10−8 ��S; éuBr(t → cll), 3TC2 �.�

��ëê�mS, Br(t → cee), Br(t → cµµ)��

�uBr(t → cττ)��. À�Ün�ëê�, ©|'

Br(t → cττ)�����7.1× 10−7. Ïd, e�ÏL

LFVL§ t→ clilj &ÿ¥5 top0fπ
0
t ��UÔn,

�AÄk�ÄL§ t→ cττ. 3LHC¢�¥ÏLFCL

§&ÿ top0f��U5®3ë�©z [4, 11]¥k�

[�?Ø, ©Ù`²3LHC¥�N�±*ÿ� top0

f. ·��ó��3LHC¢�¥&ÿ¥5Iþâf

��U,�Jø
,	�«�{.
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Neutral Top-Pion and the Lepton Flavor Violation Processes *

YUE Chong-Xing1) YU Dong-Qi

(Department of Physics, Liaoning Normal University, Dalian 116029, China)

Abstract In the context of topcolor-assisted techicolor (TC2) model, we study the contributions of the neutral top-

pion π
0
t to the lepton flavor violation (LFV) processes li → ljγ, li → lj lkll and t → clilj respectively. We find that the

present experimental upper bound for µ→ eγ gives severe constraints on the free parameters of the TC2 model. Under

these constraints, we consider the processes li → lj lkll and t → clilj generated by π
0
t exchange at the tree-level and

the one loop level. Our numerical results show that the neutral top-pion π
0
t can enhance the branching ratios of these

processes by several orders of magnitude. Some of those processes might be used to detect the possible signals of π
0
t in

the futrue high energy experiment.

Key words neutral top-pion (π0
t ), lepton flavor violation, branching ratio
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