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Motivation

1999 —— 2008 2009 ——
SLAC(Babar) CERN(LHCD)

—

KEKB(Belle) KEKB(Belle-II)
1999 —— 2010 2018 ——
« The measurement of CP violation in B decay has led
to Nobel Prize in 2008.
«  With the operation of more advanced experiments,
the B physics has entered the era of high precision.
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Experiments that start from 2008
LHCD

Experiments that start collecting results
recently




Motivation

1999 —— 2008 2009 ——
SLAC(Babar) CERN(LHCD)
KEKB(Belle) KEKB(Belle-II)
1999 —— 2010 2018 —— "kl T

. . 1.0 - %‘fsﬂﬂﬁmd&Dms ]
« B meson decay is an ideal place to study CKM phase angle and Sein2b | :

CP violation.
« The precision test of Standard Model (SM) will help us to find

new physics or search new particles indirectly

0.5




Motivation

Complicated!!!

PHYSICAL REVIEW D 76, 074018 (2007)

Charmless nonleptonic B, decays to PP, PV, and V'V final states in the
perturbative QCD approach

Ahmed Ali' and Gustav Kramer?

'Deutsches Elektronen-Synchrotron DESY, 22607 Hamburg, Germany
2[I. Institut fiir Theoretische Physik, Universitit Hamburg, 22761 Hamburg, Germany

Ying Li, Cai-Dian Lii, Yue-Long Shen, Wei Wang, and Yu-Ming Wang

Institute of High Energy Physics, CAS, P.O. Box 918(4), 100049, People’s Republic of China
(Received 19 March 2007; published 17 October 2007)

charmless two-body decays
B->PP: 34
B->VP: 62
B->VV: 34

How to simplify?

)




Auto calculation

k. factorization: Other approaches:
e QCD factorization

e SCET factorization

A ~ [d°k, d%k, A%k, Tr [ C(t) Op(k;) @, (ky) P,(ks)
H(k,,k,,k.,t
Pacgo%riz%ti%n): J A process =) Several parts

The key point is how to modular calculate these parts of different processes,

especially the hard kernel.




Auto calculation

\ /// x Fermi 4-quark interaction

10
Hepr = y: VbV, D Oloq + 0202] Vo Vip [ZCZOZ} } + H.c.
Ms q “° CKM Wilson coefficients

Current operator: O = (qubs)v-a(Dsga)v—a,

<
Factorizable emission diagram

* For each two body B decay process, we have factorizable/non-
factorizable emission/annihilation diagrams(totally 16 diagrams).

 Each diagram has (;0; ~ (704, contributions.




Auto calculation

The formulas of (M2 M3|H.sr|B) are different process by process.
We introduce a systematical approach with SU(3) matrix elements to calculate these formulas.

Matrix definition:

100 0
B_:(17070)7 ...... - 0y =000 ) Ad: 1,
ud s 000 0
000\«
Me+ =My =11 00 g ;
000/ s
Then the contributions of Wilson coefficients (;, C, can b q

be represented as:
Ay (B — MsMs) = [Fe(a_1) + M. (C1)| BM30, MsA
C, + 1/361<I[1-7_e(a2) + M. (C2)] BM3AfTr(6, M|

factorizable non-factorizable

X
X
Y

A

(-




Global fit

A specific process of two-body B meson decay is very complex to calculate(20 mins each).

Several days will be cost to finish only once fit.

To be capable of fitting Gegenbauer moments of light meson, a database of different orders of

Gegenbauer moments should be established.(once fit with several mins)

The distribution amplitude of Pseudo-scalar meson(twist-2 part):

op(x) = 2\;%61:(1 —x) |1+ alcf/2(1 —2x) + agO:;/Q(l —2x) + a402/2(1 — 2x)

The Gegenbauer moments of a light meson are linear independence to each other, so:
(Mz(az + as) Ms(az)|[Hess| B)

= Q2 0,02, My (Mo M3z |Hey | B)oo + g nr, a2 v, (Mo Ms|Hepp| B) a2
Then the full amplitude can be reconstructed by database as:
A= z Ap * A * Mym

nm=1

Database of different
Gegenbauer moments




Global fit

*

Least-Squares Fitting (Isq)

e The Isq method minimizes the summed y?of residuals to obtain the coefficient
estimates.

+ The summed square of residuals is defined as : eXPe;;I;emal
n A\
» N —9)?
X% = -
o . i=1 Y fitted data
Bayesian analysis

* In order to stabilize a complicate non-linear lsq fit, one can use bayesian analysis.
 The modified expression of summed square of residuals is defined by:

(an_— dy)?
XTZn = XZ + X}%rior’ X}%rior — z £

Refers to QCDSRJ1]

a, + 5§n is choosen by physical background at reasonable range.

[1]. Ball P, Zwicky R, Phys. Rev. D 71, 014015 (2006)

fit parameter
(Gegenbaue)



Global fit

What we want to fit ?

Fit parmeters: Y
CKM phase angle

(Q2ns Aags Aigs Aogs Aags Azps Aigss A2k
twist2 (pseudvoscalar meson) twist? (ve%tor meson)

T T T T
o) A2 A2k, A2k ) »
twist3 (pseudoscalar meson)

Why we want to fit ?

* a;x and a,+ marked the symmetry breaking of up (down) quark and strange quark.

 CKM phase angle vy is sensitive to new physics and CP violation.

(=)



Global fit

Since the influence of w;, in two body B decay depends on specific process, we can not extract
wy by fitting Gegenbauer coefficients database.

Method of extracting w, in two body B decay:

We compare the experimental data with pQCD prediction of running w,,.

32 — —— 10 — — .
y .| fitting 1 ] itti
30 - . _ A | fitting i
(Ié-*-\ - l:l experiment | C_'Ig'\ 9 | I:l experiment ]
(- 4 _
S 28 = s 1
~ | ~— 1
™ N
= B
> [
T T
) )
'
n
aa) aa)
J 3_ 7
16 I 0 ) ! 0 I ) ! I T T T T T T T
0.46 ~ 0.48  0.50  0.52  0.54 0.46  0.48  0.50  0.52  0.54



Global fit

Channel Experimental data This work
Branching ratio(107°)| Acp(%) |Branching ratio(10°) Acp (%)
By - KTK* /K K*" 11.2 +2.2 — 14.4+0.7 —33.3+£1.4/55.2+£2.7
Bs - K'K*°/K°K™° 16 +4 — 14.07 £ 0.76 0+0
B~ —»pna° 109+ 1.4 2411 8.73 4 0.26 24.6 £+ 2.5
B~ — K"~ 6.8 + 0.9 —39+21 3.49 + 0.19 —33.2+1.8
B - p"K" 3.44+1.1 4 4 20 3.05+0.38 2.62 +0.68
B —» nK*° 3.3+0.6 —15+ 11 1.675 + 0.098 —7.314+0.44
B® = a pt/ntp” 23 + 2.3 13+ 8/6 £8 21.35 £ 0.57 —25.54+1.5/9+1.2
B, - K Kt 25.4 4+ 1.7 —14 + 11 23.1+1.3 —8.2+24
B, -t 0.68 + 0.08 = 0.739 + 0.075 —1.6+0.39
B, -+ K°K" 20+ 6 0+0 2444+ 1.4 040
B, - Kt 5.6 + 0.6 221+ 1.5 5.43 £+ 0.55 223+ 1.2
B~ - KK~ 1.31 +0.17 44+ 14 1.386 + 0.075 20.2 + 2.6
B~ 5 'K~ 12,9+ 0.5 3.7+2.1 12.86 + 0.23 —6.5+ 0.58
B~ — K%z~ 23.7+ 0.8 —1.7+1.6 22.88 4 0.45 —2.84 +0.23
B - K'K" 1.21 +0.16 . —60+70 1.172 + 0.077 0+0
B® — K70 9.9+ 0.5 ] 0+13 8.87 £0.21 —3.84 4 0.48
B - K nt 19.6 + 0.5 /’ —8.4+0.6 20.09 + 0.37 —8.25 4 0.36
B’ - 7 nt 5.1240.19 j 3144 5.29 +0.17 23.8 +2.1

over 5 sigma error data



Global fit

CKM phase angle Y: 15.112.9

Our fitted Gegenbauer moments of pseudoscalar meson and vector meson:

P T
Gegenbauer Ao Ay ;. ay,
moments
Fitting 0.592+0.067| -0.370+0.095 1.12+0.13 -0.49+0.34
results
P T
Gegenbauer a1k Ay % ;. sk
moments
Fitting 0.345+0.0078 0.261+0.081 -0.398+0.048 ~0 ~0
results
Twist-2 Gegenbauer moments calculated by QCD sum rules[1]:
Gegenbauer Ay Ayr
moments
Fitting results 0.251+0.15 -0.015+0.025
Gegenbauer a1k Ay Aag 1K«
moments
Fitting results 0.06 +0.03 0.25+0.15 —_ 0.03+0.02

[1]. Ball P, Zwicky R, Phys. Rev. D 71, 014015 (2006)

0191.4+0.091
A1k~ Aok«
~0 0.1+0.027

0.15 +0.07
Aok«

0.11 +0.09

o



Global fit

Another part of processes predicted by pQCD approach with
fitted Gegenbauer moments:

Experimental Previous pQCD Our results
Channel data prediction (LO)
Branching Branching Branching
ratio(107°) ratio(107%) ratio(107%)
B~ = E—E*O 10.1+0.8 5.5 [1] 5.06+0.23
B- - p‘?o 1.3 +1.2 3.6 [1] 3.4+0.59
B~ - p°K~ 3.11+0.5 2.5 [1] 2.31+0.43
B » mtK*~ 1.510.4 5.1[1] 4.86+0.28
BY - 9%p° 2.01+0.5 0.15[2] 0.0496+0.0068
B > K~ p*t 1.0+0.9 4.1 [1] 4.431+0.64
B > K K* 0.078+0.015 0.127+0.002
B, » n~K** 2.9+1.1 1.6[3] 10.32+0.25

These channels are not predicted well in leading oxrder by pQCD approach.

[1]. H. n. Li and S. Mishima, Phys. Rev. D 74, 094020 (2006) [2].Z.Rui, X. Gao and C.D. Lu, Eur. Phys.]. C 72, 1923 (2012)
[3]. A. Ali, G. Kramer, et al, Phys.Rev.D 76,074018 (2007)
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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 y 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.

@






