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Outline

e Nonleptonic B decays and factorization approach

e Theoretical analysis of Annihilation diagrams

e Enhanced quark-loop contribution to Pure annihilation type B
decays

e Enhanced quark-loop contribution in PQCD approaches
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Why nonleptonic B decays

study on CP violation determine CKM phase
angle

test strong interaction search for new physics
theory signals
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Factorization approaches (@ leading power

e Naive factorization(sswig8s) and Generalized factorization(cheng etc. Alj,
Kramer, Li1998)
(M1 M,|0;|B) = ClFB_)Ml]CM2 + CzFB_)MZfMl

e QCD factorization (BBNs1999)
SCET(Bauer et al 2001)

(MyM|0;|B) = FB"MiT! @ ¢ppr, + T @ 5 @ b, ® P,
e PQCD approach (Li, Li, Xiao etc.)

(MiM3|0;|B) =H @ ¢p @ P, @ py, @ €725
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Power suppressed contributions

e Chiral enhanced contributions

e Chirally enhance twist-3 corrections(end point divergence)

e The scalar QCD penguin amplitude r, a¢

e Annihilation diagrams

e (Comparable to leading power contribution

e Main source of strong phase

e Other power suppressed contributions: soft gluon exchange...
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Annihilation diagrams in QCDF

e Example of the amplitude %

1 M, M, Gm1 () Pm2(y)
+ Ty Ty =

Al o f dxdy {¢1(x)¢2 ) L,(l — Xy)

e Endpoint singularity P (x) ~ 6x(1 — 2)[1 + aC3*(2x — 1) + -]
¢p(x) ~ 1
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Annihilation diagrams in QCDF

e Parameterization of logarithmic divergence

ld 1d 1
| ox fo Ziny - =3 (x4’
0

e Strong phase: assumed to be caused by the soft scattering

. m
X£4 =1+ pA€l¢A lnA—:

Fitted from experimental data:
Cheng etc. 0909.5229,0910.5237;
Zhu etc., 1106.4709,1304.7438;
Chang etc, 1409.2995,1610.02747,1706.06381.
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Annihilation diagrams in PQCD

e TMD factorization

1 1 . 2 2
=P —intd(xms — k
xmg—kZ+ie xmg—k% (xmg 7)

> Including the partonic transverse momentum:
no endpoint singularity, nonvanishing strong phase

> TMD effect is regarded as part of higher twist contribution in QCDF

2025/4/25 5 JELHCORTS B BF ) 2=



Revisiting Power counting

e The factorization amplitude(leading twist)

1
Aia ! docd $1(x) P2 (y) AP > | dxdy $1(092()
! A= xy ' %2y
0 y(1—xy) 0
Momentum fractions b quark-emission light quark-emission
x~1,x~1,dx~1
Hard gluon y~1,7~1,dy~1 1 1
. x~1,x~Adx~2A
Hard-collinear gluon y~15~1,dy~1 A 1
Soft gluon B LB = 058 = A3 A

y~Ay~1dy~2

[Lu etc., 2202.08073]
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Regularization of endpoint singularity at tree level

e Separation of hard and hard collinear region

J dwd)B(w)f j P4 (x )¢z(J’)

j da)ch(w)f j dy ¢1(x)¢2(Y)

[Lu etc., 2022.08073]

¢1(x)¢z(y)
f dops (@) j jo d Xy(x —— + L€)
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Expecting a soft-collinear factorization

j dwd} () j f ay ¢1(x)qbz(y)
0

!

fo " do jo “do, jA ' dx jo dyH )0

Opm, (w1, w3)

yw,(wy — wq + i€)

® The soft-collinear function

Opu (w1, wz) = [ dtf dse'@1t=®29 (M (p)|[gs (tn)Ty by, (0)][$£(0) T gse(s1)][Bg (P))

e Factorizationis yet to be proved
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Pure annihilation charmless B decays

e Occur only via annihilation diagram, symmetric flavor structure

B, — 1, pp, pw, ww, TP, TW B; - KtK—,K**K*", ¢, K*TK~, Kt K*~

e No space-like penguin
contribution Y >wm< é
(V—-A)WV +A)

- =2(5—-P)(S+P)

e Vanishing “factorizable” diagrams for B, = PP,V,V;

()

e PQCD calculation [Li, Lu etc. hep-ph/0404028 ... ]
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"The enhanced high order contribution for pure annihilation decays

e The pure annihilation decays such as B » m*m~ are penguin dominated

A = VipVisP + Vi Vi T

e The tree operator can provide enhanced contribution through quark loop
[Lu etc., 2202.08073]

As

s cchﬂ;T

41T S ¥ X
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General analysis

e Theamplitudeof B - g*g® - M M,

(9" (pg, @) g™ (B B)|Hesr|Bg) = i€appyp, Fv (05 D3+ Gup Fa5, D)

gaphy(MMy) for PP,V,V,
ieaﬁquJ_(Mle) for PV, VP

(M1 (M2 (q)|g* (g, )9 (Bg B)) =

e Symmetry relation
FV(pé! ﬁé) — _FV(ﬁé' pé)' FA (pé' ﬁé): FA (ﬁéw pé)
e Some conclusions

> Only F4 will be relevant due to the symmetry properties

> The displayed NLO diagrams will not contributeto B - VP, PV
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Enhanced NLO amplitudes

e The NLO amplitude (0(a?))
TP, 5 2 ¢, PPD My, My) + ¢ PP (My, M)
=1

Quark loop CM penguin

e The charming loop : large Wilson coefficient +large CKM matrix element

e The triangle diagrams is vanishing for tree operator: negligible
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Numerical results(QCDF @ leading order, leading twist)

Adl[’ Al’l"ll}(
By —»ntn= 72020 363713 (0.0£0.0) 421314 (35.97159)
By — pf pp . o0 ) —36.37%2(0.0£0.0) —4. 35‘0“ (35.971>9)
By — wp o, ~36.3737 (0.0£0.0)  —3.8754% (35. 9*{?3)
By — pj w] 0.0 +£0.0 (0.040.0) —71. 0er (—=71.07%7)
By — KT K™ 39.01575 (0.0:£0.0) —2.20504 (=470 ig g) [Lu etc., 2022.08073]
B,y K gk 39, 6+49 +19.7 +15 ’
g — KiTK¥ (0.0 £ 0.0) — 1.4 27 (—47.01 13°0)
By — ¢1 b7 38. %ﬂég (0.0 +0.0) 27.8j,5,,§9 (0.0 £ 0.0)
By — it p~ 135500 (—1.355) ) =997 (—99.71 %)
Bg—m p ’a+;flg(1 370 ~99.9T 122 (—99. 9“”)
By — 10 p! 0.0 +0.0 (0.0 £ 0.0) —99. 8+14 ¥ (—99. 8+(‘)4f}8)
By — K+ K*™ 4”6 o 4“ 6) 9 8+109 (9. 8+109)
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. Enhanced NLO contribution in PQCD approach

e The predicted branching ratio from factorization contribution in QCDF is too small .

e Higher twist contribution can be included in PQCD approach

-&t‘jl

+ crossing diagrams

-atm

(e) (d)

[Sheng etc., 2504.15002]
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. Enhanced NLO contribution in PQCD approach

[ ANLO| [ALo+NLO|
Aro ANLO lALo| [ ALO|
BY — ntw™ | 4.97+3.974 | 1.26 — 2.074 0.38 1.02
B) — prpy | 7.06+ 1150 | 3.83 —2.904 0.36 1.02

ACS‘ twist—2 A(S‘twist—B A(S‘total A(ﬂ LO

BY — ntr 35.8° 33.6° 38.0° 7.2°
Acp X sin Ad
BY— prp; | —166.0° —112.7° 30.3° —8.9°
Amplitudes and strong phases [Sheng etc., 2504.15002]
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. Enhanced NLO contribution in PQCD approach

108 Theory 108 gxp. fr
By o nto, 0.39751% (0.3675-21) 0.72 4 0.10 -
By — 7070 0.1970L0 (0187011 <77 1.0 (1.0)
By — 00 0.897019 (0.82+0-19) <320 | ~10(~10)
Branching By— ptp, | 1717038 (1584030 - ~ 1.0 (~ 1.0)
ratios By —» ww 0.62703 (0.557032) - ~ 1.0 (~ 1.0)
B, = pw ~0(~0) - ~ 1.0 (~ 1.0)
Bg— KTK~ | 0127003 (0.117993) | 0.078 £ 0.015 -
By — K** K* | 0.14109 (0.12+0.96) <04 | ~10(~L0)
[Sheng etc., 2504.15002] 5, 46 | 0.02070010 (00150007 | < 027 0.99 (0.97)

2025/4/25

o i LHCO RIS B 2



. Enhanced NLO contribution in PQCD approach

Adll‘ 18:1113):

CP asymmetries _
y Byt 71070 | —6.075L (—3.6718) | —4.272L4 (3591106
By — pppp, p4 0% | —42701 (—1.9%07) | —4.375° (35.97179)
dep(t) — DBy MiMy) (B, 5 MiMy) By — wrwy, —4.6758 (—2.6%59) | —3.8755° (35.97179)

T T(By = MiMy) + T(By — My M) ) |
CAZE cos(Amyt) + ABE sin(Am, 1) Bs — pLwr 0.0+ 0.0 (0.0£0.0) | —71.07%% (—71.07%%)
~ cosh(AT,t/2) + Aar sinh(AT, t/2)

By — KK~ 41.67155 (38.71153) | —2.27587 (—47.0713%
By— K}V K3~ 3677850 (254117 | 147200 (—47.0%13 7
[Sheng etc., 2504.15002] By — 1 é1 2397781 (0.0) | 27.8%37, (0.0£0.0)
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Summary

e We found the hard-collinear gluon exchange can contribute at leading
power of annihilation diagram which is missed in the previous studies.

e Based on a factorization assumption of the soft function, the annihilation
diagrams(initial state emission) are factorizable at leading twist.

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

e In PQCD approach, the predicted branching ratios can be consistent with
the experimental data(after including the NLO contribution), the predicted
CP asymmetries need to be tested.
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Thanks for your attention.
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