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* Nonleptonic B decays and factorization
approach

* Annihilation diagrams in factorization
approach

* Hard collinear contribution to the
annihilation Diagrams

 Enhanced contribution at high order
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Why nonleptonic B decays

* Best place to study direct CP violation
» Best place to determine CKM phase angle
* Good place to test strong interaction theory

* Good place to search for the signal of new
physics
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Factorization approaches

* Naive(BSW) and generalized factorization approach(Cheng et al, Ali,
Kramer, Lu)

<P1P2|Heff|B> = Zl<P1|j#|0 > < p2|_]‘u|B>
+ Zy < B|j"[0 >< Pi|j,|B >

« QCD factorization(BBNS,1999)
« SCET(Bauer etal,2001)

« PQCD approach(Li, Lu, Xiao,...)
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Nonleptonic B decays beyond leading power

e Chiral enhanced contribution:

» Chirally-enhanced twist-3 corrections (end-point divergences).

> The scalar QCD penguin amplitude ryae.

*Annihilation diagrams: sizable, large strong phase...

*Other power suppressed contributions
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Annihilation diagrams in factorization approaches

QCDF PQCD Zero-bin
subtraction

Leading region hard hard hard
factorization NO Yes Yes
strong phase honzero honzero zero
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Parameterization of endpoint singularity in QCDF
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» The parameter Xa contains strong phase, which is assumed to be

caused by the soft rescattering mp

XA = (l +QA€f(pA)lnA—h
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Parameterization of endpoint singularity in QCDF

|

1
. 1 1
A} :;frasfdxdy{qb;wz(x) @M](y)[ —I—_—:| @p(x, ;) =06x(1—1x)
0

y(I—xj) 2y
2
+ D, () Dy, (= }

. . 1 1
* Parameterization of f vy f LR
0

logarithmic divergence B

y
0

» The parameter Xa contains strong phase, which is assumed to be

caused by the soft rescattering mp

XA :(l_I_QAe“pA)lHA—h

2022/7/30 FHREERYENEFEmHEWHT S Kb 7



Parameterization of endpoint singularity in QCDF
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Parameterization of endpoint singularity in QCDF
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PQCD approach and zero-bin subtraction

@ TMD factorization [Keum, Li, Sanda, 2001; Lii, Ukai, Yang, 2001]:

1 1

— P —inS(xms —k%).
xm%—k%—kis xm%—k% ( B T)

> Including the partonic transverse momentum generates the non-vanishing strong phase.

> In the QCD factorization approach the TMD effect is part of the higher-twist contribution.

@ Zero-bin subtraction [Arnesen, Ligeti, Rothstein, Stewart, 2008]:

1 bl 1 b XP; 1! !
fodxchgu):/O g P (x u);wM( “)—¢M(1,u)1n(zﬁ>-

> The factorization scale i taken at the m, scale. Cancellation of the t_-scale dependence?
» SCET definition of ¢, (1, 1t)? Weak annihilation is real? [Beneke, 2007]
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Power counting of different regions

1
. 1 1
A :nasfdxdy{@M (x) Dy (y)[ — 4+ =
. 2

+ Dy () B, Mz }

« Asymptotic form of DAs of
light mesons

Pp(x, p)=06x(1-x)

Momentum b-emission Light-emission
fractions diagram diagram
A

y~1,y~1dy~1

Hard-collinear x~1, x~A dx~A
gluon y~1,y~1 dy~1

A’ A
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Soft gluon x~1, X~A,dx~A
y~A, y~1,dy~A
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Factorization of pure annihilation decays at tree level

« The denominator of the propagators

1 1
ym%y [T —w/mp + i€] yTmy + ie

t

Regularized the endpoint
singularity

* Factorization at tree level(leading twist)

0o 1 1 1
= dw ¢ h (w dx O, (i ly o, (
gffﬁ /[; @B( )/[; L DMy (”L) /D ay Pnry (y) Ty (i - w/-m,B n IE)
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The Strong Phase

0o 1 1 1
p— ', T 7y T N N | — o ;
G5, —/0 dw ¢ ( )/O dr @Mg(i)/ﬂ dy dm(¥) Ty (7 — w/mp + ie)

 Inserting asymptotic form of light meson DAs and GN model for
B meson, we can obtain an approximate result

18 [ (In 52 + 9 = 2) — 7]

* A perturbative strong phase is generated

i ~ —1)—a 7
» In comparison with QCDF Ay = [1 T (TElnﬁ ] In 372

AB
(1 + pae'?4) InZB
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The enhanced higher order contribution

* The pure annihilation decays suchas B, — ntn~
are penguin dominated

* The tree operators can provide enhancement at
higher order of coupling constant

D
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Weak annihilation amplitudes at NLO

* The amplitude of B — g*¢* — M, M,

géﬁ S| (MMy) for M{M, = PP, V.V,

M (p) Ma(q)|g* “(Bg.B)) =
Mi(p)M2(4)l&" (P @) 8" (P B)) { [€qppg L (M M>) tor MM, = PV, VP.

(8" (pg, ) 8" Py, B)| At By) = i€55 Fv Py, Py) + 8up FaPg, )

Symmetry relations of the two transition form factors:
2 =2 =2 2
Fv(ps.py)=—Fv(P;.02),  Faps,p3) =Fa(p;.p;).

* Symmetry relation indicates
» The displayed NLO diagrams will NOT contribute to B — PV, VP decays.

» Only the axial-vector form factor F4 will be relevant due to the symmetry properties
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Weak annihilation amplitudes at NLO

* The NLO amplitude )5 ZC PP (M M) + C5% PP (M M)

+ ch- 77N (M M)
i=1

6

C
> cprt = (C’z - = ) Hy(myp) + [(03+ 16 C5) —
i=1

N 7 (€ 16C)| )+ 1 (0)

C

—|—(C4—+—1006) [H](mb)+H1(mc)+3H1(0)] — [504—805+4 (Ni +5) CG:| H2

ot P = g Hy, Zc 7 = [(C3 +4C5) + Cp (Cy +4Cg)] Hy,
* The triangle diagrams Is vanishing for tree operator

* The charming loop with large Wilson coefficient or
CKM matrix element enhanced NLO contribution
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The predicted amplitudes

v =1my/2 Vv =myp v =2my
T (0) 2.03—17.74 | 2.00 —17.47 | 1.97 — 17.2
7 (0) —0.38 +3.357[—0.25 +2.167|—0.16 4 1.42

a /(A7) T 12220 — 3.63i|—2.41 — 3.611|—2.47 — 3.571

as/(4m) ToW  |=1.65 —2.34i|—1.82 — 2.40[—1.91 — 2.434

TABLE I. Numerical predictions of the dynamical quantities
77O and 77 (p = u, ¢) for Bs — 7w~ with three dis-
tinct renormalization scales v.

2022/7/30 FUREERYEBENE FENTZETE Kb 15



The predicted CP asymmetries

Ad ir

Amlx

B, —» 7wt T, 70 70

Bs = py prs PLPL

_BS—%wLum

Bs — PL WL

—36.3752 (0.0 £ 0.0)
—36.3752 (0.0 £ 0.0)
—36.3757 (0.0 £ 0.0)

0.0+ 0.0 (0.0 % 0.0 )

—4.2720% (35.97100)
—4.3755 (35.97475)
—3.8725% (35.9710%)

—71.070% (=71.012)

_Qd—+f(+}(_
Bd—+f{fkﬁz_

Bq — ¢r ¢r

39.0722 (0.0 £ 0.0)
39.675Y (0.0 £ 0.0)

38.3711% (0.0 £ 0.0)

=220, (—47.05.3%)

419.7
—1.47547

(—47.0755%)

27.875.7, (0.0 4 0.0)
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 We found the collinear gluon exchange can
contribution at leading power of annihilation
diagram which is missed in the previous studies,
and they can be formally factorized at tree level.

* The higher order contribution from quark loop
diagrams can significantly modify the CP violation
of pure annihilation B decays.
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Discussions

« We have not discussed the factorization property
beyond tree level: LCDA at endpoint region? Soft
gluon exchange?

* We have not included the leading power multi-
particle contributions

AX?~ —
my, A

« A more comprehensive study with soft-collinear
effective theory is needed
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