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Motivation

@ Flavor changing neutral current(FCNC) processes: suppressed in SM
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‘Branehing ratios of B = K£Tf~ Sensitive to form factors
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®R g : lepton flavor universality

@Ll;lfl-{ojji”“_ = (0.33 + 0.03) x 1077

@L“;"fg’ﬂjﬂi_ = (0.37 4 0.03) x 1077

@fj;”fl-{"j"fi”“_ = (0.37 + 0.03) x 1077

@E;fﬂﬁfpfﬁ’ = (0.21 + 0.02) x 10~7(4.00 )

@HOSOLLHED g 99 1 0.02) x 10~7(4.40 )

B+_)K+I'L+I'L_

B = (0.23 £ 0.02) x 1077(4.00 )

[Albrecht etc., 2107.04822]

— — 2
Ry = @B+—>K+u+u_/@B+—>K+e+e_ =14+ 0(asm, mu)
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‘Isospin Asymmetries in B - K{ tp-
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Sensitive to weak annihilation contribution
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®CP Asymmetries in B — K¢~
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®B - nft¢ : larger CP and isospin asyvmmetry are expected
2 P y y P

@ Measured branching ratio [LHCb, 1505.00414]
BR(B* - nt¢*¢7) = (1.83 £ 0.24 + 0.05) x 1078

@ Direct CP asymmetry [LHCb, 1505.00414]

Acp(BT » wr¢t¢7) = —-0.11 £ 0.12 £ 0.01
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‘Angular observables in B = K*ft¢~

d*T
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QCD factorization for B > P¢*¢~ (P = K, m)

@ The local contribution

_ G o Ver Vi
AR B - Pt o) = — TR G Ll + CyoLy | FEF |
V21
Oy = == (5,7ub1) (Br*0) A
o = 4 LYuPr)(ty
| B | ]
O104= 2 (5,v,b1) By ys) / Y
Local Form factors
—K S B mg — mg 5 ms — mz ,
% = (K)|sy,(1 —vs)|Blp + @)= [Cp + @) — 7 q,] f+(g%) + = q,f0(q?)
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Local Form factors

e Lattice: calculation at large q%+extrapolation

[Fermilab Lattice and MILC ,1507.01618; JLQCD, 2203.04938, B.

Colquhoun et al., 1510.07446 1510.07446]
[Bailey etc., 1509.06325; HPQCD, 2207.12468]
[Fermilab Lattice and MILC, 1509.06325; HPQCD, 2207.12468]

e Light-meson LCSR: valid at small g*
[Khodjamirian etc., 1103.2655; A. Bharucha, 1203.1359]

e B-meson LCSR: valid at small g*

Including QCD corrections and power corrections to

correlation functions
[Cui etc., 2212.11624; Lii etc. 1810.00819]
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@ The nonlocal contribution

_ u
Anonlocal (B _, pp+p=) = %%{thw}) |20my, €, 2P + 16m2 O | + Vi Vi 16m2 )

ﬁ,ﬁ‘ 9 = iQ,[ d*xe'*(P(p) |T By, (), HY || BG + @) \

® [arge recoil region 4m?2 — g% » myA : light-cone OPE

[Beneke etc., hep-ph/0106067; Al etc. hep-ph/0601034]

® Small recoil region |g?| ~m2 : (local OPE)
B. Grinstein etc., hep-ph/0404250
M. Beylich etc., 1101.5118

\\0 Resonance region: violation of quark hadron duality /
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@ Arriving at a complete leading power study at 0(a,)

2R W

® Penguin operator ® NLO correction to annihilation
insertion diagram
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NLO annihilation contribution

@ Factorization formula  [Huang etc., 2403.11258]

Hi = e 1, (@142 2p + @)y — (mh — mi)g, ]

4-77,'2

2 p d
70,1 (q?) = — -0t Z j - f du T (0,1 1) (0, ) Dp (1)

N, mp

@ Strategy of the calculation: two step matching

ﬂ ﬂ o, (@, u, W=Y.CiH; (u, 1) * Jm (w, 1)
2.CiH; (u, u) I (0, 1)
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@ hard function[0911.3665,2002.03262]

0 = ewe) () § (1= 3) (Why) )
Q; = H » 049 + gl « 0BV [(EW) 0) (1 —5)ho(0)].
oF = — {(ﬂ-@%) t7) L (1 - 5) (Wi) (0)]
l(gm) (0)? [Wj i pﬁm] (sn) (1 + 75) hq.(oﬂ

@ Jct function

<0 T (i@, 00| E)FT + <0 (0, £ d*yir@ ), 040 §>FT L fmg

= > fama /% @ 0

<0 T {50, § d*yirl) ), 0V} E)FT
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Resummation of large logarithms
Hard function
ﬁcil_]i(ur .u) — [ cusp(as) ln + Vh(as)] C H; (u .u) f dvFERBL (U U, as) C H; (U ,Ll)

w, —a(pp,u)
= C; Hy(u, p) = eShlini) <m > j UgrpL (v, u, pp, 1) CiH; (u, up)
b 0

Jet function

d ]_(n-q,a),u) .[ZZ J- (Tl q,wy)

ding a-g—1 = [Teusp(@s) ln + Yne(as)]J-(n - q, w, 1) — Jdo' wlpy,- (0, w, as) R

o) 1 /A (upec,u)
]_(Tl "4, W, ,U) S dw Hhc ‘ ]—(n "4, W, MC)
= h(Uhett) J Urn /
7’_lq—1 e 0 w' w' LN, (a)rwuuhCHu) T_lq—l
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Convergence of the convolution

Joo]_(n > (7], 70 © @), (l),[l)
0

n-q—uw

) g f1+<n-q,ﬁ-q,w,u>¢;<w>
0

®w~-0
pr(@)~ 1, (g0~ 1 Ph@) ~ w, Jo(n-qa,m ~ 1
®w-o
¢§(w)~%1n% ]‘(n'q’ﬁ'q’w’“)“'lnz% ]+(n-q,ﬁ-q,w,u)~%lnﬁiq
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Phenomenology

. , . | o gD
& Effective Wilson coefficient Ci = cyoit + 20 2P,

®CyinB-omlt:

NLO WA contribution : 35%(15%)

reduction for real(imaginary ) part of LO

®C,inB->nafte:

¢*(GeV?)

Only 3% corrections to Tl(f) of NLO(BEFS) [Huang etc., 2403.11258]
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€ Branching ratios:

NLO WA contribution : 15% corrections

T 0.20f ' ' - -
1 101 > & L NL NL
WA brings negligible corrections = mum LO mmmm NLOgrs mmmm NLO
T 0.00F———= __
2 e —
= —
.. _ < —0.20}
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€ CP asymmetries in B —» K€€~

B~ - K ¢t¢- 1.0815:92 0.67+3:92 0.44%912 0.33%912 0.27%319
B® — KOp* ¢~ 0.01+9:98 0.0419:97 0.0619:97 0.08+9:97 0.09%9-97
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Isospin asymmetry

0,05 e _
‘ NLO WA: 0 002 mem O mmm NLOppg mmm NLO |
brings about 25% shift of A; in B — AR ?tf ~0.05}
Q
= —0.10f
~0.15}

@®A;in B - "¢~ 3-6 times larger than
B - K& ¢~
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Power corrections

® Long distance quark-loop

® Higher twist contribution

2026/1/18

Cross-Strait 2026@Guangzhou
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Long-distance quark loop

® Subleading power corrections: soft gluon emission A.Khodjamirian etc, 1006.4945

HEE D p,q) o = 2CHUEY D)IOL(@) B + ) e. CQ@ :
Ou(q) = / dw 11pap(q, w)SLY d|lw — (in;D)]éaﬁbL 3
® The matrix element: light-cone sum rules =
Fii ) (p,q) =i / d*yeV(OIT{j X (y)Ou(g)}B(p + q)) §
® A revisiting N. Gubernari etc., 2011.09813 W :
Including more B meson LCDAs \B/ d s

® (Collinear gluon emission:
Mishira, 2505.16426

2026/1/19 Cross-Strait 2026 @Guangzhou 21



® Higher twist B-meson LCDAs

Such as: Four-particle twist-5 and twist-6 LCDAs

® Power counting of internal lines

Hard VS hard-collinear

AQCD << m.~myg AQCD < me, << my

2026/1/18 Cross-Strait 2026 @Guangzhou
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® Long distance quarkloopin B - yy .

® A novel soft function with different light-cone direction [Qin etc. PRL. 131 (2023) 9, 091902 ]
(01(@sSn) (71) S S (0)S1 g5 Gy Sa (T2 - Yy {5 S by (0)|By )

= ZFB(.U)mBj dwidw, e {171+ 02T) P (wy, wy, 1)

® Normalization

Jr dwl CI)G ((1)1, W2, ,Ll.) — J dwl CD4- ((1)1, W2, ‘Ll) 0 AZ + AZ
—00 0 _7"E H
roo 0 j dwidw,; Pg(wy, wy, 1) = 3

J d(l)z cI)G (wlr W2, ,Ll) — f da)Z CI)S(wll W2, ‘Ll) -

—00 0
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® Generalizedto B - K#¢ v o et em

K'interpolation current

® A novel soft function with different light-cone direction [Qin etc. PRL. 131 (2023) 9, 091902 ]
(01(@sSn) (71) S S (0)S1 g5 Gy Sa (T2 - Yy {5 S by (0)|By )

= ZFB(.U)mBj dwidw, e {171+ 02T) P (wy, wy, 1)

® Normalization

Jr dwl CI)G ((1)1, W2, ,Ll.) — J dwl CD4- ((1)1, W2, ‘Ll) 0 AZ + AZ
—00 0 _7"E H
roo 0 j dwidw,; Pg(wy, wy, 1) = 3

J d(l)z cI)G (wlr W2, ,Ll) — f da)Z CI)S(wll W2, ‘Ll) -

—00 0
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Summary and outlook

@ We established the factorization formula for the weak annihilation contribution in

B — P£7¢~ at leading power, and calculated NLO perturbation functions

€ NLO weak annihilation contribution can bring sizable correction to the CP

asymmetry and 1sospin asymmetry.

@ The power suppressed contributions, such as long distance quark loop diagram, may

have large impact on many observables

2026/1/18 Cross-Strait 2026 @Guangzhou 25



NLO annihilation contribution ) THisix%

OCEAN UNIVERSITY OF CHINA

@ Jet function from A-type operators

<0 ‘T{'e(f,z: O(AO)}‘ §>FT n <O ‘T{'ggf,f d4yiﬁ§?(}’)» O(AO)}‘ 1§>FT = EmeB —— Q ¢p
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o, dd Ay
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(2) (2)
EE qs L

(f) (9)
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NLO annihilation contribution ) THisi{x%

g OCEAN UNIVERSITY OF CHINA

@ Jet function from B-type operators

B1
(0[7{ié. § dtyicg)),0®)|B) =3 foms /Y © 63
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3 o
:\ em [
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