
Jun Hua 

Shanghai Jiao Tong University

11.07.2021

1

Hsiang-nan Li, Cai-Dian Lu ,̈ Wei Wang, and Zhi-Peng Xing

arXiv:2012.15074



CONTENT

Motivation

An auto calculation in PQCD

Global fit for Gegenbauer moments

Summary
2



1999 —— 2008

1999 —— 2010

2009 ——

2018 ——

Motivation

• B meson decay is an ideal place to study CKM phase angle and  
CP violation.

• The precision test of Standard Model (SM) will help us to find 
new physics or search new particles indirectly
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Motivation
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QCD factorization: separating the processes 
with different energy scales:

Consider a B meson decay process

𝑩𝟎 → 𝝅"𝝅#
4-quark
operator
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kT factorization:
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𝒌𝑻 resummation Threshold 
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The full amplitudes can be factorized as: 

Other approaches：

• QCD factorization 

• SCET factorization

• ......

Motivation



Charmless two-body decays:
B->PP: 34
B->VP: 62
B->VV: 34 
Three body:
hundreds of process…

Charmless nonleptonic Bs decays to PP, PV, and VV final states in the
perturbative QCD approach
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We calculate the CP-averaged branching ratios and CP-violating asymmetries of a number of two-body
charmless hadronic decays !B0

s ! PP, PV, VV in the perturbative QCD (pQCD) approach to leading order
in !s (here P and V denote light pseudoscalar and vector mesons, respectively). The mixing-induced CP
violation parameters are also calculated for these decays. We also predict the polarization fractions of
Bs ! VV decays and find that the transverse polarizations are enhanced in some penguin-dominated
decays such as !B0

s ! K! !K!, K!". Some of the predictions worked out here can already be confronted with
the recently available data from the CDF Collaboration on the branching ratios for the decays !B0

s !
K"##, !B0

s ! K"K# and the CP asymmetry in the decay !B0
s ! K"##, and are found to be in agreement

within the current errors. A large number of predictions for the branching ratios, CP asymmetries, and
vector-meson polarizations in !B0

s decays, presented in this paper and compared with the already existing
results in other theoretical frameworks, will be put to stringent experimental tests in forthcoming
experiments at Fermilab, CERN LHC, and Super B factories.

DOI: 10.1103/PhysRevD.76.074018 PACS numbers: 13.20.He, 13.25.Hw, 13.30.Eg

I. INTRODUCTION

There has been remarkable progress in the study of
exclusive charmless !B0

d ! h1h2 and B$ ! h1h2 decays,
where h1, h2 are light pseudoscalar and/or vector mesons.
Historically, these decays were calculated in the so-called
naive factorization approach [1], which was improved by
including some perturbative QCD contributions [2,3].
Currently, there are three popular theoretical approaches
to study the dynamics of these decays, which go under the
name QCD factorization (QCDF) [4], perturbative QCD
(pQCD) [5], and soft-collinear effective theory (SCET) [6].
All three are based on power expansion in 1=mb, where
mb is the b-quark mass. Factorization of the hadronic
matrix elements hh1h2jOijBi, where Oi is typically a
four-quark or a magnetic-moment–type operator, is shown
to exist in the leading power in 1=mb in a class of decays.
In addition, these approaches take into account some con-
tributions in the decays B! h1h2 not included in the
earlier attempts [1–3], in particular, the so-called hard
spectator graphs.

Despite being embedded in the "=mb approach, justified
by both the large mass, mb % O (5 GeV), and a large
energy release in the decay, with Ehi % mB=2, these meth-
ods differ significantly from each other in a number of
important aspects. For example, these differences pertain
to whether one takes into account the collinear degrees of
freedom only as in QCDF and SCET, or includes also the
transverse momenta implemented using the Sudakov for-
malism, as followed in the pQCD method. Also, in pQCD,
the power counting is different from the one in QCDF,

which makes some amplitudes differ significantly in the
two approaches. The other differing feature of pQCD and
QCDF is the scale at which strong interaction effects,
including the Wilson coefficients, are calculated. In
pQCD, this scale is low, typically of order 1–2 GeV. In
QCDF, typical scales for the Wilson coefficients are taken
as O&mb', following arguments based on factorization.
There also exist detailed differences between QCDF and
SCET, despite the fact that dedicated studies in the context
of SCET have allowed us to gain a better understanding of
the QCDF framework. These differences, though not in-
herent, lie in how practically the calculations are done in
the two approaches and involve issues such as the treat-
ment of the so-called charming penguin contributions [7]
to the decays B! h1h2. These are argued to be power
suppressed in QCDF, and left as phenomenological pa-
rameters to be determined by data in SCET. Likewise,
the treatment of the hard spectator contribution in these
two approaches is also different. We recall that a generic
factorization formula [8]

 hh1h2jOijBi % #h2
&u' ! &TI&u'FBh1&0' " CII&$; u'

!$Bh1&$; 0'' (1)

involves the QCD form factor FBh1&0' and an unknown,
nonlocal form factor $Bh1&$; 0'. In QCDF, this nonlocal
form factor factorizes into light-cone distribution ampli-
tudes (LCDAs) and a jet function J&$; !; v', when the
hard-collinear scale

!!!!!!!!!!
mb"

p
is integrated out. This interpre-

tation of the hard spectator contribution was not at hand in
the BBNS papers [4], but was gained subsequently in the
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How to 
simplify？
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Auto calculation 
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Factorizable Non-factorizable

Emission

Annihilation

According to the 
Feynman diagram:

4 types

According to the 
Fermi 4-quark interaction：

(V-A)(V-A)
(V-A)(V+A)
(S-P)(S+P)

𝑪𝟏𝑶𝟏 ~ 𝑪𝟏𝟎𝑶𝟏𝟎

3 types



Auto calculation 
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B → 𝑀'𝑀(The decay amplitudes

SU(3) Flavor Structure: 
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Auto calculation 
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Auto calculation 
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The total amplitudes：



Auto calculation 
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𝐵 → 𝑀'𝑀( Amplitudes → Vegas Br, CP

Factorization 
Formula

Wave
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Hard
Kernel
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Wilson
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Wilson
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Fit parameters :

CKM phase angle 𝛄

Global fit
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(𝑎()* , 𝑎()+ , 𝑎(,* ,𝑎(,+ ) ,

𝑡𝑤𝑖𝑠𝑡3 (𝑝𝑠𝑒𝑢𝑑𝑜𝑠𝑐𝑎𝑙𝑎𝑟 𝑚𝑒𝑠𝑜𝑛)

(𝑎(), 𝑎?), 𝑎@,, 𝑎(,, 𝑎?, ) , (𝑎(A, 𝑎@,∗, 𝑎(,∗ )

𝑡𝑤𝑖𝑠𝑡2 (𝑝𝑠𝑒𝑢𝑑𝑜𝑠𝑐𝑎𝑙𝑎𝑟 𝑚𝑒𝑠𝑜𝑛) 𝑡𝑤𝑖𝑠𝑡2 (𝑣𝑒𝑐𝑡𝑜𝑟 𝑚𝑒𝑠𝑜𝑛)

Gegenbauer moments:



Global fit

• A  specific process of two-body B meson decay ——(20 mins each) 

Distribution amplitude of Pseudo-scalar meson(twist-2):
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How to fit Gegenbauer moments？

PP: 9*9
PV:9*4*2

The contribution of Gegenbauer moments can be decomposed:

Then the full amplitude: 𝐴 = 4
%,'()

𝑎% 6 𝑎' 6 𝑀%'

Database of different 
Gegenbauer moments

PP: 9*9
PV: 9*4*2



• Minimizes the summed 𝜒'of residuals 

• The summed square of residuals is defined as : 𝜒" =$
#$%

&
(𝑦# − (𝑦#)"

𝜎'"

• To stabilize a complicate non-linear lsq fit, one can use bayesian analysis. 

• The modified residuals is defined by: 

𝜒(" = 𝜒" + 𝜒)*#+*" ,

,𝑎& ± ,𝜎,#
" is chosen by physical background at reasonable range.

Refers to QCDSR[1]

Experimental 
data

Fitted data

𝜒)*#+*" =$
&

(𝑎& − ,𝑎&)"

,𝜎,#
" ,

Least-Squares Fitting (lsq) 

Bayesian analysis

fit parameter
(Gegenbauer)

Global fit
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Experimental  
error

Channel

Python Lsq-fit



Method of extracting 𝝎𝒃𝒔 in two body 𝑩𝒔 decay:
We compare the experimental data with PQCD  prediction of running 𝝎𝒃𝒔. 

Global fit

𝝎𝒃 in two body 𝑩𝒔 decay depends on specific process, can not extracted by fitting database 
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𝐵+ → 𝐾,𝐾-

𝐵+ → 𝐾,𝜋-
𝐵+ → 𝐾. ?𝐾.

𝐵+ → 𝜋,𝜋-



Global fit
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over 5 sigma error data

Channel:19
Data:22



Gegenbauer
moments 

𝑎𝟏/ 𝑎$/ 𝑎0/ 𝒂𝟐𝝅𝑷 𝒂𝟐𝝅𝑻 𝑎𝟏5
|| 𝑎$5

||

Our Result —— 0.644±0.075 -0.41 ±0.09 1. 𝟎𝟖 ±0.15 -0.48±0.33 —— 0.16±0.08

Sum Rule —— 0.25±0.15 -0.015±0.025 —— —— —— 0.15±0.07

Our fitted Gegenbauer moments of pseudoscalar meson and vector meson:

Gegenbauer
moments 

𝑎)7 𝑎$7 𝑎07 𝒂𝟐𝑲𝑷 𝒂𝟐𝑲𝑻 𝑎𝟏7∗
|| 𝑎$7∗

||

Our Result 0.331±0.082 0.28±0.10 -0.398±0.073 —— —— —— 0.137±0.029

Sum Rule 0.06±0.03 0.25±0.15 —— —— —— 0.03±0.02 0.11±0.09

CKM phase angle 𝜸: 75.1±2.9

Experimental    𝜸:   𝟕𝟐. 𝟏3𝟒.𝟓6𝟒.𝟏

Global fit
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Other processes predicted by our results:

These channels are not predicted well in leading order by PQCD approach. 

Global fit
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Summary

• We establish a database of  B/Bs charmless two body decays by an 
automated program. Branching ratios and CPVs of different processes can 
be easily derived by this database.

• Based on this database, we fit the CKM phase angle γ and Gegenbauer
moments of light mesons.

• With the fitted parameters, we give the PQCD predictions of branching 
ratios and  CPVs of several processes. Some processes can not be 
predicted well at leading order.
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Thank		You	!
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