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→ XA = (1+ρAeiϕ) ln

MB
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ù�ëê¿v

k(����, Ïd�Ä�vã��zòénØýó
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2 QCDÏfzµeeBs → π
+
π
− PC

L§�O�

2.1 £ãB0ffPC�$Uk�M�îþ

3IO�.e, £B0f��fPC�$Uk�

M�îþ�±�¤Xe/ª
[8]

Heff =
GF√

2
{VubV

∗

us[C1(µ)O1(µ)+C2(µ)O2(µ)]−

VtbV
∗

ts

10
∑

i=3

Ci(µ)Oi(µ)}+h.c , (1)

Ù¥VubV
∗

us, VtbV
∗

ts ´�A�CKMÝ
�Ïf�¦È,

Ci(µ)(i = 1, · · · ,10)´3­�zIÝµe�%�ÖX

ê, k��ÎOi(µ)�±L«�

O1 = (sibj)(V −A)
(ujui)(V −A)

,

O2 = (sibi)(V −A) (ujuj)(V −A)
,

O3 = (sibi)(V −A)

∑

q

(qjqj)(V −A)
,

O4 = (sibj)(V −A)

∑

q

(qjqi)(V −A)
,

O5 = (sibi)(V −A)

∑

q

(qjqj)(V +A)
,

O6 = (sibj)(V −A)

∑

q

(qjqi)(V +A)
,

O7 =
3

2
(sibi)(V −A)

∑

q

eq (qjqj)(V +A)
,

O8 =
3

2
(sibj)(V −A)

∑

q

eq (qjqi)(V +A)
,

O9 =
3

2
(sibi)(V −A)

∑

q

eq (qjqj)(V −A)
,

O10 =
3

2
(sibj)(V −A)

∑

q

eq (qjqi)(V −A)
,

(2)

Ù¥ iÚ j ´SU(3)ôÚ�I, q�3IÝµ = O(mb)

�¢Så�^�§�, =q=u,d, s, c,b. O1,2 �äã�

Î, O3—6 �QCDè��Î, O7—10 �>fè��Î.

2.2 QCDÏfzµeeB
s
→ π

+
π

− PC�Ì�O

�

|^B0f��fPC�k�M�îþ, �±ò

Bs →π
+
π

− PCL§�+Þ��Ì��

A(Bs →π
+
π

−)=−2
GF√

2
VtbV

∗

ts

(

a3 +
3

2
Qua9

)

×

〈π+π−|uγµLu|0〉〈0|sγµLb|B̄s〉−

2
GF√

2
VtbV

∗

ts

(

a5 +
3

2
Qua7

)

×

〈π+π−|uγµRu|0〉〈0|sγµLb|B̄s〉+
GF√

2
VubV

∗

usa2〈π+π−|uγµLu|0〉〈0|sγµLb|B̄s〉+(u↔ d)=

−2i
GF√

2
VtbV

∗

tsfBS
pµ

B

(

a3 +
3

2
Qua9

)

〈π+π−|uγµLu|0〉−

2i
GF√

2
VtbV

∗

tsfBS
pµ

B

(

a5 +
3

2
Qua7

)

〈π+π−|uγµRu|0〉+

i
GF√

2
VubV

∗

usfBS
pµ

Ba2〈π+π−|uγµLu|0〉+(u↔ d), (3)

ª¥ai ≡Ci+Ci+1/NC , L = (1−γ5)/2, R = (1+γ5)/2.

d u ¥ þ 6 Å ð Ú ¶ ¥ 6 Ü © Å ð, � � 4 �

mu,md → 0�, ù��Ì�0. =3�$��, o�

PC�Ì�0, I��Äg+Þ�(αS �)��z.

3 αs �, X � v P C Bs → π
+
π

− L § � ¤ ù

ã X ã 1 ¤ «. (a) Ú (b) ü � ã ´ � Ï f z � �

z. 3­§�4�e, XJ�Ñ s§���þ, Ý


�〈π+π−|u 6PB(1−γ5)u|0〉��z3ü�ãmò��-

�, =�Ïfz�ãéØC�Ìvk�z. Ïd, �Ï

fz��zòéPC�ÌåÌ��^, �Ïfz��

z�±ÏLO�ã1¥�(c), (d)ü�ã��.

ã 1 X�vPCBs → π
+

π
− L§�g+Þ�¤ùã

3QCDÏfzµee, 0f�1I©Ù�Ìå

X­���^, ùp�Ñ�I0f�1IÝK�f
[5]

:

MP
δα =

ifP

4

{

6 p′γ5Φ(µ)−µP γ5

(

φp(µ)−

iσµνnµ
−
vν φ′

σ(µ)

6
+iσµνp

′µ φσ(µ)

6

∂
∂k⊥ν

)}

δα

,

(4)

Ù¥Φ(µ)´�I0f�ÛÝ -2 �©Ù�Ì, φp(µ),

φσ(µ)´�I0fÛÝ -3�©Ù�Ì. dÝK�f�

±wÑÛÝ -3�©Ù�Ì´�µP L*Ø$�, �éπ
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0f5`, µπ ¿Ø�,

µπ =
m2

π

mu +md

= 1.5GeV, (5)

'§�UI�OΛQCD ��õ
[5]

. ¤±3O��, Ø=

�Ä
π0fÛÝ -2�©Ù�Ì�z, ��Ä
ÙÛ

Ý -3�©Ù�Ì�z. é+Þ��1I©Ù�Ì, æ

^ÙìC/ªΦ(µ) = 6µ(1−µ), 
éuπ0fÛÝ -3

�©Ù�Ì, æ^©z[9]¥�/ª

φp(µ) =
Apβ

2

2π2

(

1+BpC
1/2
2 (µ)+

CpC
1/2
4 (µ)

)

exp

(

− m2

2β2(1−µ2)

)

, (6)

ª ¥ � � þ © O �: µ ≡ 2x − 1, Ap = 2.841 ×
10−4MeV−2, Bp = 1.302, Cp = 0.126, m = 290MeV,

β = 385MeV, ± 9 Gegenbauer polynomials:

C1/2
2 (t)=

1

2
(3t2−1), C1/2

4 (t)=
1

8
(35t4−30t2 +3).

éuB0f�1IÝK�fæ^Xe/ª
[5]

:

MB
βα = − ifBMB

4

[

1+ 6 v
2

{

ΦB
+(̟) 6n+ +ΦB

−
(̟) 6n−−

∫ l+

0

dη(ΦB
−
(η)−ΦB

+(η))γµ ∂
∂ l⊥µ

}

γ5

]

αβ

. (7)

Ù¥ l =
l+
2

n+ ´B0f¥�*ö§��Äþ; ΦB
+ Ú

ΦB
−

´B0f�ü�1I©Ù¼ê, æ^©z[10]�Ñ

�/ª:

ΦB
+(l+)=

√

2

πλ2

l2+
λ2

exp

[

− l2+
2λ2

]

,

ΦB
−
(l+)=

√

2

πλ2
exp

[

− l2+
2λ2

]

.

(8)

|^B0ffPC�k�M�îþÚ0f�1I

ÝK�f, �±�ÑBs → π
+
π

− PCL§�äã�Î

�z�Ì�

AT (Bs →π
+
π

−)=
GF√

2
fBS

f 2
π
παs

CF

N 2
C

C1×
∫
∞

0

dl+

∫1

0

dx

∫1

0

dy

{

Φ(x)Φ(y)×
[

(

xΦB
+(l+)+ξΦB

−
(l+)

) M 4
B

DSk2
+(ξ−y)ΦB

−
(l+)

M 4
B

Dbk2
g

]

+

µ2
π

m2
B

φπ(x)φπ(y)
[(

xΦB
+(l+)+yΦB

−
(l+)+

3ξΦB
−
(l+)

) M 4
B

DSk2
g

+

(

xΦB
+(l+)+(y+3ξ)ΦB

−
(l+)−

2
mb

mB

(

ΦB
+(l+)+ΦB

−
(l+)

)

)]

M 4
B

Dbk2
g

}

, (9)

Ó�, �±�ÑBs → π
+
π

− PCL§�è��Î

�z�Ì�

AT (Bs →π
+
π

−)=
GF√

2
fBS

f 2
π
παs

CF

N 2
C

×
∫
∞

0

dl+

∫1

0

dx

∫1

0

dy×
{

Φ(x)Φ(y)

[(

2C4 +
C10

2

)(

(xΦB
+(l+)+ξΦB

−
(l+))

M 4
B

DSk2
g

+

(ξ−y)ΦB
−
(l+)

M 4
B

Dbk2
g

)

+

(

2C6 +
C8

2

)(

yΦB
−
(l+)

M 4
B

Dsk2
g

+

((ξB−x)ΦB
+(l+)+ξΦB

−
(l+))

M 4
B

Dbk2
g

)]

+

(

2C4 +2C6 +
C8

2
+

C10

2

)

µ2
π

m2
B

φπ(x)φπ(y)×
[

(xΦB
+ +yΦB

−
(l+)+3ξΦB

−
(l+)−2

mb

mB

(ΦB
+(l+)+

ΦB
−
(l+))

)

M 4
B

Dbk2
g

+

(

xΦB
+(l+)+yΦB

−
(l+)+

3ξΦB
−
(l+))

M 4
B

DSk2
g

]}

, (10)

ª f(9)Ú(10)¥ x = 1 − x, ξB = (MB − mb)/MB,

ξ = l+/MB. Db,s Úk2
g ©O´b§�, s §�Ú�f

�DÂf. §��äN/ª©O�: DS = M 2
Bx(y−ξ),

Db = M 2
B(1−x)(1−y−ξ), k2

g = M 2
Bxy.

o�PC�Ì�äãÚè�ã�Ì�Ú:

A(Bs →π
+
π

−) = VubV
∗

usA
T −VtbV

∗

tsA
P =

VubV
∗

usA
T [1+zei(γ+δ)], (11)

Ù¥z = |VtbV
∗

ts/VubV
∗

us||AP /AT |, L«è�ã�ÌÚ

äã�Ì�'�; γ = arg[VtbV
∗

ts/VubV
∗

us], �£�CP

»��f� ; δ ´è�ã�ÌÚäã�Ì�m��

ér �. z Úδ Ñ�±3QCDÏfz�{¥�O�

Ñ5.

2.3 ê�(JÚ©Û

ùp, �Ñê�O��¤�^���'Ñ\ëê

��:

éu%�ÖXêCi(µ), �­�zIÝµ = mb/2,

¿æ^{ü�ê�5z(NDR)�YeO��g+Þ�

���
[8]

C1 = 1.130, C2 =−0.274, C3 = 0.021, C4 =−0.048,

C5 = 0.010, C6 =−0.061, C7 =−0.005/137,

C8 = 0.086/137, C9 =−1.419/137, C10 = 0.383/137.

(12)

éuCKMÝ
�, æ^8c��þ, AO´3B

ÔnïÄ¥²~æ^�»�Åd" (L.Wolfenstein)ë
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êz/ª, ¿ò2004câfêâL
[11]

�Ñ�4�ëê

�¥%�

λ= 0.2236, A= 0.824, ρ̄ = 0.20, η̄ = 0.33, (13)

��Ñ\�. Ù¥ ρ̄ = ρ

(

1− λ2

2

)

, η̄ = η

(

1− λ2

2

)

.

éuÙ¦��'ëê, ��

MBS
= 5.37GeV, mb = 4.66GeV, τB0

S
= 1.461ps,

fBS
= 236MeV, fπ = 130MeV. (14)

3éªf(9)Ú(10)¥�Äþ°êÈ©�, ¬��

à:uÑ, ù�´3QCDÏfz�{¥O��vã�

�ØN´?n�/�. Ï~�¹e, ?nù«uÑI

�Ú\����ëê

∫1

0

dy

y
→XA = (1+ρAeiϕ) ln

MB

Λh

,

�©z[7,12,13]. 3O�¥, vkæ^ù���ëê,


´|^
Cornwall¤£ã�äk�þ�k��f

DÂf
[14]

5�Øù«à:uÑ, äN��{�

1

k2
g

⇒ 1

k2
g

=
1

k2 +M 2
g (k2)

,

M 2
g (k2)= m2

g









ln

(

k2 +4m2
g

Λ2

)

ln

(

4m2
g

Λ2

)









−
12
11

.

(15)

� � /, mg = (500 ± 200)MeV, Λ = ΛQCD =

250MeV. ù«æ^k��fDÂf��{Ó��

�
�:QCD
[15]

Ú|ØïÄ
[16]

�|±, �:�(J

ÚnØïÄÑL²�fDÂf¿Ø�
1

k2
uÑ�@�

¯.

|^þ¡�Ñ�Ñ\ëêÚB0füNPC©|

'�úª:

Br(Bs →π
+
π

−)=
τBS

8π

|pc|
m2

Bs

|A(Bs →π
+
π

−)|2, (16)

Ù¥ |pc|�3Bs 0f·�X¥ü�"�0f�Ä

þ��, 3­§�4�e, |pc| = MBS
/2, �±��

Bs →π
+
π

− PCL§�CP²þ©|'�

Br(Bs →π
+
π

−)= (1.24±0.28)×10−7, (17)

Ù ¥, ¥ % � é A u � f � þ � � 500MeV, � A

�þ�Úe�©OéAu�f�þ��300MeVÚ

700MeV. ÓCDF/ Ü�|�ÑBr(Bs → π
+
π

−)��

#¢�þ�
[17]

Br(Bs →π
+
π

−)< 3.4×10−6@90%C.L (18)

�', ·��O�(J'ù�þ��Nõ; Ókc

^QCDÏfz�{O�TL§¤�(J�', ·

� � ( J k 
 é � � U õ. 3 © z[7,14]¥, � ö

æ ^ 
 � � ë ê

∫1

0

dy

y
→ XA = (1 + ρAeiϕ) ln

MB

Λh

5�Øà:uÑ, ��TL§CP ²þ�©|'�:

Br(Bs → π
+
π

−) = 2.2×10−8. C5|^�6QCD�

{, <�éBs → π
+
π

− PCL§�?1
ïÄ
[18]

, ¦

��(J�Br(Bs →π
+
π

−)= (4.2±0.6)×10−7, �·

��(JÄ���.

,	, ÏLO�, ��è��Î�z�äã�Î

�z�m�'��z=9.8, r ��δ = 164◦. dd�

±wÑ3ù�L§¥, è��Îéo�PC�ÌåÌ

��z. '�z Ú� δ �(JÑÚ^�6QCD��

�(J
[18]

���.

3 Bs → π
+
π
− P C L § ¥CP» � �

ïÄ

3¥5B0 0f�PCL§¥, du�3B0 ÚB0

·Ú, Ð� (t = 0)�X�B0 0f�±ÏLü�ØÓ�

L§B0(0) → B0(t) → f, B0(0) → B
0
(t) → f PC�"

� f. 3IO�.¥, äkØÓCP�����Ìmu

)Z�, l
�)CP»�. éB0
s ÚBs

0
NX5`, P

C�"�π
+
π

− ��m�'�CPØé¡ëêACP(t)

½Â�
[19]

:

ACP(t) =
Γ (Bs(t)→π

+
π

−)−Γ (Bs(t)→π
+
π

−)

Γ (Bs(t)→π+π−)+Γ (Bs(t)→π+π−)
=

Cππ cos(∆mt)+Sππ sin(∆mt), (19)

Ù¥∆m´Bs ÚBs ü0f�þ����m��þ�.

Cππ ÚSππ ©O´£ã��CP»�Ú·ÚCP»��

ëê, §��½Â©O�:

Cππ =
1−|λCP|2
1+ |λCP|2

, Sππ =
−2Im(λCP)

1+ |λCP|2
, (20)

ªf¥

λCP =
V ∗

tbVtd〈π+
π

−|Heff |Bs〉
VtbV ∗

td〈π+π−|Heff |Bs〉
. (21)

ã2�Ñ
��CP»�ëêCππ (ã2(a))�·Ú

CP»�ëêSππ (ã2(b))�f �γ Cz�­�. d

ã2 �±wÑ, �γ = 60◦ ± 14◦[13]
�, ��CP »�

ëêCππ '��, ���−0.05, 
·ÚCP»�ëê

Sππ '��, ��
0.18. ��CP»�k�U3ò5

�¢�þ�*ÿ�.
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ã 2 X�vPCBs → π
+

π
− L§��CP»�ë

êCππ �·ÚCP»�ëêsππ �f �γ Cz

�­�ã

4 �(

�©|^QCDÏfz�{?Ø
X�vBs →
π

+
π

− PCL§, O�
TL§CP ²þ©|', ¿

?Ø
L§�CP »�. (JL²: 1. X�vPC

Bs → π
+
π

− L§�CP²þ©|'��
10−7 þ?,

3dPC¥, è��Îé��PC�ÌåÌ��

z. 2. TL§�CP»�é²w, ��CP»�ëê

Cππ =−0.05, 
·ÚCP»�ëê'��, Sππ = 0.18.

Ó±cïÄBs → π
+
π

− PCL§�', ·��ïÄk

ü�ØÓ�/�: 1. 3O�L§¥, Ó��Ä
B0

f�ü�1I©Ù¼êΦB
+ ÚΦB

−
��z; 2. ±c^

QCDÏfz�{ïÄTL§�, ÏLÚ\��ëê∫1

0

dy

y
→ XA = (1+ρAeiϕ) ln

MB

Λh

5�Øà:uÑ; 


´æ^
Cornwall¤£ã�äk�þ�k��fD

Âf
[14]

5�Øà:uÑ. Cc5kNõnØ
[20]

Ú¢

�
[21]

ïÄÑ|±Cornwallé�fDÂf�ù�£ã,

§®²3B0fPC¥��
NõA^. ��ò5�
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Probe the Strength of Annihilation in Bs →π
+
π
− Decays

with QCD Factorization *

LU Gong-Ru SU Fang YANG Ya-Dong HAO Hong-Jun

(Department of Physics, Henan Normal University, Xinxiang 453007, China)

Abstract Using the method of QCD factorization, we calculate the branching ratio and the CP violation for pure

annihilation decay Bs → π
+

π
− in the Standard Model. Meanwhile, we employ an effective gluon mass resulted in the

study of the infrared behaviour of gluon propagators to avoid the soft endpoint divergence. We find that the CP-averaged

branching ratio is about 1.24×10−7, and the penguin diagram contributions is dominant in this process. The direct

CP violation parameter is about −0.05, while the mixing-induced CP asymmetry is a quite large number of 0.18. Once

these quantities can be measured in the future LHC-b experiments, studying such a process will enrich our knowledge

on the dynamics of the charmless hadronic decay of B-meson and the property of gluon.

Key words QCD factorization, pure annihilation decay, branching ratio, CP violation
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