
Contributions from ΦB2 to the B → PP decays

with the QCD factorization

�ww£àH���Æ¤

Qin Chang, Lili Chen, Yunyun Zhang, Junfeng Sun etal.

Eur.Phys.J.C 79 (2019) 12, 996

�I1�l3­�ÔnÚCP»�ï?¬£HFCPV 2021¤

2021c11�10-14F@ 2² øH�Æ 1 / 17



VVVããã

1 ïÄ�µ

2 ïÄÄÅ

3 nØµe

4 o(Ð"

2 / 17



1 ïïïÄÄÄ���µµµ

1.1 ¢¢¢������¡¡¡

• �X&ÿì�Øä,?§�5BelleII&ÿì��Ýò¬�

�50ab−1§LHCb UpgradeII&ÿì��Ýò¬��300fb−1"

• &ÿEâ�3Øä/Jp§&ÿì�ÿþ°Ýò¬��J,§¿

�U
Â8�õ'uB 0f�êâ"

3 / 17



1.2 nnnØØØ���¡¡¡

• O�B0f��PCrfÝ
�����{§~XpQCDÏfz�

{!QCDF�{�"

• QCDF érfÝ
��O�®�NNLO¶�gØ$�î��Ì�

�z�®²��O�§¿�uyù
?�éJpnØ°(Ýké

­���z"

• PQCD ©|'�O��®²��
+Þ��z¶nØïÄ¥��

Ä
�¹B0f©Ù�Ì¥�gØ$�ΦB2Ü©��z"

• �
�¢�&ÿ°Ý���§nØO��°(Ý��ØäJ,"

4 / 17



2 ïïïÄÄÄÄÄÄÅÅÅ

2.1 ÄÄÄÅÅÅ���

• B0fdü�Iþ©Ù�Ì£DAs¤£ã§U1/mb Ðm�+Þ�©Ù�ÌkXe

/ªµ

〈0|q̄α(z)[...]bβ(0)|B̄(p)〉 =

−
i fB

4

{(
6 p + mb

)
γ5

}
βγ

∫
dξ e−iξp+z−

[
ΦB1(ξ) + 6 n−ΦB2(ξ)

]
γα
,

©Ù�Ì�8�z^��µ∫ 1

0
dξΦB1(ξ) = 1 ,

∫ 1

0
dξΦB2(ξ) = 0 .

• ΦB1 = φ+
B±9ΦB2 = (φ+

B − φ−B )/2§��5ùφ+
B 6= φ−B"

• ΦB2Ü©��z�ΦB1�'�,´�ΛQCD/mbØ$�§�´b§���þ´k�

�§Ø´Ã���§ΛQCD/mb´Ø��Ñ�þ
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• 3©Ùepjc28.515ÚPRD 74.014027 ¥�Ñ§3PQCD�{¥§ΦB2 éB → π/

GÏf��z��30%"¿�XΦB2é©|'��z�U��§cÙ´é,
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3 nnnØØØµµµeee

3.1 QCDÏÏÏfffzzzúúúªªª

U1/mbÐm§k��ÎÔi �rfÝ
��¤Xe/ªµ

〈P1P2|Ôi |B̄〉 = FB→P1
0

∫ 1

0

dx T I
i (y)φP2 (x) + FB→P2

0

∫ 1

0

dy H I
i (x)φP1 (y)

+

∫ 1

0

dξ dx dy T II
i (ξ, x , y)φB(ξ)φP1 (y)φP2 (x),

• 1�1�ü�´º�?���z§�B 0f©Ù�ÌÃ'"

• 1�1��éAuØ�Ïfz��z§�B0f©Ù�Ì�'"
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• �ÄM�*öÑ��Ú�«ã�zµ

(a)

(b)
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3.2 ���ÌÌÌ©©©ÛÛÛ

M�*öÑ��HB2
k (P1P2)�/ªXeµ

HB2
1 (P1P2) = παs

∫ 1

0
dx

∫ 1

0
dy

∫ 1

0
dξ ΦB2(ξ)

{
ΦP1(y) ΦP2(x) 2 [

ξ − x̄

x̄ ȳ2ξ
+

x − ξ
xȳ2ξ

]

−Φ
p
P1

(y) ΦP2(x) rP1
χ [

x̄(y − ȳ) + 2ȳξ

x̄ ȳ2ξ
+

(x − ξ)(ȳ − y)

xȳ2ξ
]
}
,

HB2
2 (P1P2) = παs

∫ 1

0
dx

∫ 1

0
dy

∫ 1

0
dξ ΦB2(ξ)

{
ΦP1(y) ΦP2(x) 2 [

x̄ − ξ
x̄ ȳ2ξ

−
x − ξ
xȳ2ξ

]

+Φ
p
P1

(y) ΦP2(x) rP1
χ [

(x̄ − ξ)(y − ȳ)

x̄ ȳ2ξ
−

2ξȳ − x(ȳ − y)

xȳ2ξ
]
}
,

HB2
3 (P1P2) = παs

∫ 1

0
dx

∫ 1

0
dy

∫ 1

0
dξ ΦB2(ξ)

{
ΦP1(y) ΦP2(x)

rP2
χ

2
[

2x̄ − ξ
x̄ ȳ2ξ

−
2x − ξ
xȳ2ξ

]

+Φ
p
P1

(y) ΦP2(x)
rP1
χ rP2

χ

4
[

2x̄ − ξ
x̄ ȳ2ξ

−
2x − ξ
xȳ2ξ

]
}
,

• HB2
k ´�"�§æ^ì?/ªΦP1(y)=6 y ȳ ÚΦp

P1(y)=1 �§È

©
∫ 1

0
ΦP1(y)

ȳ2 dy Ú
∫ 1

0

Φp
P1(y)

ȳ2 dy ¬ÑyuÑ"

• �´§�Ä8�z^�
∫ 1

0
dξΦB2(ξ) = 0�§�{���\��§

�ªHB2
k �z�""
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�kØ�Ïfz��«ãk�z§Ai,B2
k /ªXeµ

AB2 = π αs

∫ 1

0
ξΦB2(ξ) dξ = π αs 〈ξ〉B2,

Ai,B2
1 = −AB2

∫ 1

0

dx

x̄

∫ 1

0

dy

y

{
2

ΦP2(x) ΦP1(y)

1− x ȳ
− rP1

χ rP2
χ

x̄

y

Φp
P2(x) Φp

P1(y)

1− x ȳ

}
,

Ai,B2
2 = +AB2

∫ 1

0

dx

x̄

∫ 1

0

dy

y

{
2

ΦP2(x) ΦP1(y)

x̄ y
− rP1

χ rP2
χ Φp

P2(x)Φp
P1(y)

[ x̄

1− x ȳ
−

x

x̄ y

]}
,

Ai,B2
3 = −AB2

∫ 1

0

dx

x̄

∫ 1

0

dy

y

{
2 rP2
χ

x Φp
P2(x)ΦP1(y)

1− x ȳ
+ rP1

χ ΦP2(x) Φp
P1(y)

[ y − ȳ

1− xȳ
+

1

x̄y

]}
,

• ΦB2éWA�Ì��z´�"�§ù´duÝ〈ξ〉B2 ´�"�"

• æ^ì?/ªΦP1(y)=6 y ȳ ÚΦp
P1(y)=1 �§¬ÑyuÑ"
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Ai,B2
1 = −AB2

{
12 (π2 − 6)− rP1

χ rP2
χ

[π2

6
+

1

2
X 2
A + XLXA + XA − XL

]}
,

Ai,B2
2 = +AB2

{
72 (X 2

A − 1)2 − rP1
χ rP2

χ

[π2

6
+

1

2
X 2
A + XLXA − X 2

L

]}
,

Ai,B2
3 = −AB2 6

{[π2

6
+

1

2
X 2
A − XA

]
(2 rP2

χ − rP1
χ ) + rP1

χ (XAXL − XL + 1)
}
.

• ∫ 1
0
dx
x
→XA,

∫ 1
0
dx
x2→XL,∫ 1

0dx
lnx
x
→− 1

2
X 2
A,

∫ 1
0dx

lnx
x2 →XL − XA − XLXA.

• ëêXAÚXL´�¹
r� �Eê§¿���ëêz�

XA = (1 + ρA e iφA ) ln
mB

Λh
,

XL = (1 + ρA e iφA )
mB

Λh
.
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• æ^GN-typeB0f©Ù�Ì[A.Grozin,M.Neubert,PRD55,272(1997)]µ

φ+
Bq

(ξ) = N+ ξ exp
(
−
ξmBq

ωBq

)
, φ−Bq

(ξ) = N− exp
(
−
ξmBq

ωBq

)
,

〈ξ〉B2 =
1

2

(
〈ξ〉+ − 〈ξ〉−

)
=

Λ̄

3mb
,

Ù¥N±´8�z~ê§¿÷v8�z^�
∫ 1

0φ
±
Bq

(ξ)dξ = 1"〈ξ〉+ = 2 〈ξ〉− =

4
3

Λ̄
mb

and Λ̄ = mB − mb ≈ 0.55 GeV"

• Bs0f�ωBs = 0.45±0.10 GeV§��〈ξ〉B2 = 0.042±0.01¶

[ J. Sun, Z. Xiong, Y. Yang, G.Lu, Eur. Phys. J. C 73, 2437 (2013).]

• Bd0f�ωBd
= 0.42±0.10 GeV§��〈ξ〉B2 = 0.039±0.01"

[T. Kurimoto, Phys. Rev. D 74, 014027 (2006).]
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X�«L§Bd → K+K− ÚBs → π+π− �PC�Ì�¤Xe/ªµ

A(Bs→π+π−) = i
GF√

2
fBs f

2
π

{
V ∗ubVus

(
b1+2 b4+

1

2
b4,EW

)
+V ∗cbVcs

(
2 b4+

1

2
b4,EW

)}
,

A(Bd→K+K−) = i
GF√

2
fBd

f 2
K

{
V ∗ubVud

(
b1+2 b4+

1

2
b4,EW

)
+V ∗cbVcd

(
2 b4+

1

2
b4,EW

)}
.

• �«Xêbi½ÂXe¤«µ

b1 =
CF

N2
c

C1 A
i
1 , b4 =

CF

N2
c

[
C4 A

i
1 + C6 A

i
2

]
,

b4,EW =
CF

N2
c

[
C10 A

i
1 + C8 A

i
2

]
.
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3.3 (((JJJ���©©©ÛÛÛ
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(d)

• Ù¥ã(c)Ø¹ΦB2��z§ã(d)�¹
ΦB2 ��z"¢�éA¢�¥%�§�G

éA2σØ�"

• dã(c)��§��ÑΦB2��z�ã(c)vk­U«�"

• �Ä
ΦB2��z�§ã(d)k­U«�§=Bd→K+K− ÚBs→π+π−PCL§

U
��Ó�|�«ëêρA ÚφA"
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This work Beneke

Decay S1 S2 S3

mode A
i,B2
k

=0 A
i,B2
k
6=0 A

i,B2
k

=0 A
i,B2
k
6=0 A

i,B2
k

=0 HFLAV

Bs→π+π− 3.13+0.56
−0.43 5.08+1.05

−0.86 3.44+0.62
−0.47 5.63+1.18

−0.97 1.49 6.7±0.8

Bd→K+K− 0.85+0.17
−0.14 1.01+0.20

−0.16 0.78+0.15
−0.13 0.91+0.18

−0.15 0.79 0.80±0.15

• CP²þ�©|'£±10−7�ü ¤§Ø�5gu��6Ñ\ëê"

• �YS1µρA = 1ÚφA = 0◦§r� φA�"´éØg,�"

• �YS2µρA = 1.2ÚφA = −40◦§¦þÓ��Ä�ρA ���Ú�"

�φA"d	§�YS2 ����Beneke©ÙNPB675.333(2003)¥S3�Y

���ρA = 1 ÚφA = −45◦ ´'��C�"

• æ^S2�Y§ΦB2©OéB(Bd→K+K−)ÚB(Bs→π+π−)Jø
��20%

Ú60% �?�"
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4 ooo(((ÐÐÐ"""

(1) éΦB2Ü©�ïÄuy§B → PPPCL§¥§ΦB2 é�*öMÑ��Ú�Ïf

z�f�«�Ì��z�±�Ñ"

(2) ΦB2 Ü©éX�«L§Bd→K+K− ÚBs→π+π− ��zØ��Ñ§3T���

«ãëê(ρ, φ) �me§þãL§�PC©|'3�½§ÝþéUõnØ(J�

¢�êâm��Ék­�¿Â"

(3) Ï��5¢�ÚnØþéB0f��PC��\�ïÄ§�·�8�n)B 0f

�PC±9�~y��Jøk¿Â�ë�"

a�� P�!ÓÆ�Õf�
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