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Anomaly?
✦ #⚥㶨ؙحصٗسعך䄶㠨%⚥㶨穄朐䡾חろךךⴓ䀄嫰ך
椚锷⦼ָ㹋꿀״ة٦ر㣐ְָֹהְֲֿה㜠デְׁג

W

B
0
s

b

s D
(∗)+
s

s

c

π−

d

u

W

B
0

b

d D(∗)+

d

c

K−

s

u

✦ ֹד걾⥋כ鐰⣣ךխ铎䊴ַך鎘皾ׁג׃חֲ״ךוכ⦼椚锷ךֿ
ַךְז׃㶷㖈כ♷㺔זꅾ銲ְזְגխ罋䣁ַׁך

3.5 σ 
4.7 σ 
4.5 σ 
5.3 σ

<latexit sha1_base64="nEk2juW2shYa8h3dH5oDO7tRKbo="></latexit>

Data SM
103 B(B̄0

s ! D+
s ⇡�) 3.00 ± 0.23 4.09 ± 0.21

103 B(B̄0 ! D+K�) 0.186 ± 0.020 0.303 ± 0.015
103 B(B̄0

s ! D⇤+
s ⇡�) 2.0 ± 0.5 4.46 ± 0.22

103 B(B̄0 ! D⇤+K�) 0.212 ± 0.015 0.327 ± 0.016

Bordone et al., 2007.10338
Cai et al, 2103.04138
Fleischer & Malami, 2109.04950
Endo, Iguro & S.M., 2109.10811
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Calculation of B→MM decays
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Color-allowed B→D(*) M decays
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SM values:Le↵ = �
GFp
2
V ⇤
uDVcb (C1Q1 + C2Q2) + h.c. (D = d, s)

Q1 =
⇥
c̄�µT a(1 � �5)b

⇤⇥
D̄�µT

a(1 � �5)u
⇤

Q2 =
⇥
c̄�µ(1 � �5)b

⇤⇥
D̄�µ(1 � �5)u

⇤
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Factorization

a1(D
+K�) =

2X

i=1

Ci(mb)

Z 1

0
du T I

i (u)�K(u)
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GFp
2
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usVcb

h
C1(mb) hD+K���[c̄�µT a(1 � �5)b][s̄�µT

a(1 � �5)u]
��B0i(mb)

+ C2(mb) hD+K���[c̄�µ(1 � �5)b][s̄�µ(1 � �5)u]
��B0i(mb)
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Bjorken (89)

Bauer, Pirjol, Stewart, hep-ph/0107002
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<latexit sha1_base64="5crjOmUVNpKt85Pw2lh0iSlSOAM="></latexit>

ꫬ��mb٦ٕ؛أך♳״��饔��mb٦ٕ؛أך♴״�



✦ 䄶㠨㹀侧�fKכ��-BUUJDF�2$%ד�鎘皾〳腉铎䊴כ������玎䏝��
✦ �鎘皾ד�
-$43	��MJHIU�DPOF�2$%�TVN�SVMFTכ�麊⹛ꆀⴓ䋒ꟼ侧�ΦK(u)ך�,
✦ a1ך��Q2$%ךד�0-//�ך�✮鎉⦼ך铎䊴כ����玎䏝��	2&%酡姻כ刿ח㼭ְׁ
�

✦ Vcb F0(mK2)ؙحصزفٖىإכ�䄶㠨ך㹋꿀⦼���椚锷�	-BUUJDF�-$43
ⵖꣲַ�
铎䊴כ侧�玎䏝

6 / 15

a1(D
+K�) =

2X

i=1

Ci(mb)

Z 1

0
du T I

i (u)�K(u)
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ꫬ��mb٦ٕ؛أך♳״��饔��mb٦ٕ؛أך♴״�

Inputs

a1(D
+K�) = 1.025 + [0.029 + 0.018i]NLO + [0.016 + 0.028i]NNLO

= (1.069+0.009
�0.012) + (0.046+0.023

�0.015)i
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q = p � p0

<latexit sha1_base64="xZZRqsN+NRP2EC0HfLfEahneAiU="></latexit>

Huber et al., 1606.02888
Beneke et al., 2107.03819
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SM predictions

5.1 % 
5.0 % 
4.9 % 
4.9 %

uncertainties
Data         SM
7.7 % 
10.8 % 
25.0 % 
7.1 %

3.5 σ 
4.7 σ 
4.5 σ 
5.3 σ

<latexit sha1_base64="nEk2juW2shYa8h3dH5oDO7tRKbo="></latexit>

Data SM
103 B(B̄0

s ! D+
s ⇡�) 3.00 ± 0.23 4.09 ± 0.21

103 B(B̄0 ! D+K�) 0.186 ± 0.020 0.303 ± 0.015
103 B(B̄0

s ! D⇤+
s ⇡�) 2.0 ± 0.5 4.46 ± 0.22

103 B(B̄0 ! D⇤+K�) 0.212 ± 0.015 0.327 ± 0.016

2109.10811
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✦ ַךְג䯝ִ⦪⯐ך倜暟椚ח劤䔲כֿ

Bordone et al., 2007.10338; Cai et al, 2103.04138; Iguro & Kitahara, 2008.01086; Bordone et al., 2103.10332; 
Fleischer & Malami, 2109.04950
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新物理以外の可能性

ַ֮כהֿזה�
���	0ְָג鋅琎ה�
����	�0כֿ

Bordone et al., 2007.10338

Endo, Iguro & S.M., 2109.10811
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Quasi-elastic rescattering
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Chua, Hou & Yang, hep-ph/0112148
Chua & Hou, hep-ph/0504084, 0712.1882
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B→DP decays
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π
−Transition {S, Iz} Mode Amplitude Data

b ! cūd {1,�1} Bs ! D+
s ⇡

� TD 30.0± 2.3

Bs ! D0K0 CP 4.3± 0.9

{0,�3/2} B� ! D0⇡� TD + CP 46.8± 1.3

{0,�1/2} B
0 ! D+⇡� TD + E 25.2± 1.3

B
0 ! D0⇡0 1p

2
(�CP + E) 2.63± 0.14

B
0 ! D0⌘

c�p
2
(CP + E) 2.36± 0.32

B
0 ! D0⌘0

s�p
2
(CP + E) 1.38± 0.16

B
0 ! D+

s K
� E 0.27± 0.05

b ! cūs {�1, 0} B
0 ! D+K� TD 1.86± 0.20

B
0 ! D0K

0
CP 0.52± 0.07

{�1,�1} B� ! D0K� TD + CP 3.63± 0.12

{0,�1/2} Bs ! D+
s K

� TD + E 2.27± 0.19 †

Bs ! D0⌘ �s�CP +
c�p
2
E —

Bs ! D0⌘0 c�CP +
s�p
2
E —

Bs ! D0⇡0 1p
2
E —

Bs ! D+⇡� E —

Table 1. List of B ! DP decays with b ! cūd and b ! cūs transitions. The values in the
second column are the strangeness and the z component of isospin of the final state. The fourth
column shows the SU(3) decomposition of the decay amplitudes. The experimental data for the CP-
averaged branching ratios (in units of 10�4) in the fifth column correspond to the PDG values [36],
which are consistent with the HFLAV ones [48]. †The data for Bs ! D+

s K
� represents a sum of

CP-averaged branching ratios, B(Bs ! D+
s K

�) and B(Bs ! D�
s K

+).

scale µ = mb, where the leading-order contributions are given by a1(µ) = C2(µ) and

a2(µ) = 4C1(µ)/9 + C2(µ)/3 in terms of the Wilson coe�cients in eq. (2.1).

The coe�cient a1(µ) associated with the color-allowed tree amplitude is calculated for

di↵erent processes in the framework of QCDF to the NNLO accuracy [4]:

a1(mb) =

8
>>>>><

>>>>>:

�
1.069+0.009

�0.012

�
+
�
0.046+0.023

�0.015

�
i for B

0 ! D+K�,
�
1.072+0.011

�0.013

�
+
�
0.044+0.022

�0.014

�
i for B

0 ! D+⇡�,
�
1.068+0.010

�0.012

�
+
�
0.034+0.017

�0.011

�
i for B

0 ! D⇤+K�,
�
1.071+0.012

�0.013

�
+
�
0.032+0.016

�0.010

�
i for B

0 ! D⇤+⇡�.

(2.14)

It is noticed that these are almost universal, and hence a common value of a1(mb) is used

in our numerical analysis:

a1(mb) = 1.070± 0.012 . (2.15)

We set a1 to be real by absorbing its phase in a2 and E, which are complex parameters in

the following analysis. On the other hand, it is hard to evaluate the color-suppressed tree

amplitudes reliably in QCDF, because subleading-power and non-factorizable contributions

– 5 –

T C E

color-allowed tree color-suppressed tree exchange
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Tensions in B→DP
<latexit sha1_base64="phDJMQNq3gnZG8Nsge4hsikJS0s="></latexit>

Transition {S, Iz} Mode Amplitude Data
b ! cūd {1,�1} Bs ! D+

s ⇡� TD 30.0 ± 2.3
Bs ! D0K0 CP 4.3 ± 0.9

b ! cūs {�1, 0} B
0 ! D+K� TD 1.86 ± 0.20

B
0 ! D0K

0
CP 0.52 ± 0.07
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NP in a1(mb)
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Global fit

Transition {S, Iz} Mode Amplitude Data

b ! cūd {1,�1} Bs ! D+
s ⇡

� TD 30.0± 2.3

Bs ! D0K0 CP 4.3± 0.9

{0,�3/2} B� ! D0⇡� TD + CP 46.8± 1.3

{0,�1/2} B
0 ! D+⇡� TD + E 25.2± 1.3

B
0 ! D0⇡0 1p

2
(�CP + E) 2.63± 0.14

B
0 ! D0⌘

c�p
2
(CP + E) 2.36± 0.32

B
0 ! D0⌘0

s�p
2
(CP + E) 1.38± 0.16

B
0 ! D+

s K
� E 0.27± 0.05

b ! cūs {�1, 0} B
0 ! D+K� TD 1.86± 0.20

B
0 ! D0K

0
CP 0.52± 0.07

{�1,�1} B� ! D0K� TD + CP 3.63± 0.12

{0,�1/2} Bs ! D+
s K

� TD + E 2.27± 0.19 †

Bs ! D0⌘ �s�CP +
c�p
2
E —

Bs ! D0⌘0 c�CP +
s�p
2
E —

Bs ! D0⇡0 1p
2
E —

Bs ! D+⇡� E —

Table 1. List of B ! DP decays with b ! cūd and b ! cūs transitions. The values in the
second column are the strangeness and the z component of isospin of the final state. The fourth
column shows the SU(3) decomposition of the decay amplitudes. The experimental data for the CP-
averaged branching ratios (in units of 10�4) in the fifth column correspond to the PDG values [36],
which are consistent with the HFLAV ones [48]. †The data for Bs ! D+

s K
� represents a sum of

CP-averaged branching ratios, B(Bs ! D+
s K

�) and B(Bs ! D�
s K

+).

scale µ = mb, where the leading-order contributions are given by a1(µ) = C2(µ) and

a2(µ) = 4C1(µ)/9 + C2(µ)/3 in terms of the Wilson coe�cients in eq. (2.1).

The coe�cient a1(µ) associated with the color-allowed tree amplitude is calculated for

di↵erent processes in the framework of QCDF to the NNLO accuracy [4]:

a1(mb) =

8
>>>>><
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1.069+0.009

�0.012
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0.046+0.023

�0.015
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i for B
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1.072+0.011

�0.013
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+
�
0.044+0.022

�0.014

�
i for B

0 ! D+⇡�,
�
1.068+0.010

�0.012

�
+
�
0.034+0.017

�0.011

�
i for B

0 ! D⇤+K�,
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1.071+0.012

�0.013

�
+
�
0.032+0.016

�0.010

�
i for B

0 ! D⇤+⇡�.

(2.14)

It is noticed that these are almost universal, and hence a common value of a1(mb) is used

in our numerical analysis:

a1(mb) = 1.070± 0.012 . (2.15)

We set a1 to be real by absorbing its phase in a2 and E, which are complex parameters in

the following analysis. On the other hand, it is hard to evaluate the color-suppressed tree

amplitudes reliably in QCDF, because subleading-power and non-factorizable contributions

– 5 –
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B→D*P & B→DV decays
✦ �穠卓ָ䖤ךず圫גְאח�#̔%7�䄶㠨ה�1�%̔#
✦ 
�	�6ֻזכד�
�	�46כגְאח�#̔%7�㼎獥䚍铬ׅSFTDBUUFSJOH�

���TPM������TPM	�㜥さָ罋ִךאꟼ⤘ָ➰ֻח٦ة٦ًٓػ
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Summary
✦ $PMPS�BMMPXFE�䄶㠨��������������������������������������������������������������ך䄶㠨ⴓ䀄嫰ך㹋꿀⦼ה�
2$%�GBDUPSJ[BUJPO״ח�椚锷⦼ךהָٖ֮ؤח陽锷ְגזח�

✦ 'BDUPSJ[BUJPO�	JO�MBSHF�mb�MJNJU
�ץ锃ֲַוַֹד铡僇ٖؤךֿג״ח��RVBTJ�FMBTUJD�SFTDBUUFSJOHְג׃搀鋔כד�
✦ 2VBTJ�FMBTUJD�SFTDBUUFSJOHכד�DPMPS�BMMPXFE�䄶㠨ה�DPMPS�TVQQSFTTFE�䄶㠨ך
⚕倯ず儗ח铡僇ׅהְֿזֹדָהֿ爙׃�

✦ 
���	�0�⤘侧�a1(mb)לז㹀ׅ⟎倜暟椚׃�幾ׅ㺔♷ָ䗳銲֮ד�
✦ 倜暟椚ך〳腉䚍鷄実ׅהず儗ח垥彊垷㘗�1ך➭ֶֽח/mb�酡姻װ�GPSN�GBDUPST�	!�MBSHF�SFDPJM
֮ד灇瑔ָꅾ銲ז刿ךגְאח�
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