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Correction to Rare B -» (K,n)¢"¢~ Decays
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Motivation

& Flavor changing neutral current(FCNC) processes: prominent tools in

searching for new physics signals

b (sd)fte-

2025/4/19 HFQCD-2025@NJNU 3



Motivation

CONLE LY

OCEAN UNIVERSITY OF CHINA

Angular distribution

Forward-backward asymmetry and flat term

Differential decay width

CP asymmetry

[sospin asymmetry asymmetry
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€ Observablesin B —» P£*¢~(P = K, )
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@ Branching ratios of B » Kt~
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Motivation

€ CP Asymmetriesin B » Kt~
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Sensitive to weak annihilation contribution
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€5 - mftL™ : larger CP and isospin asymmetry are expected

€ Measured branching ratio [LHCb, 1505.00414]
BR(B* » nt¢*t¢™) = (1.83 + 0.24 + 0.05) x 1078

€ Direct CP asymmetry [LHCb, 1505.00414]

Aep(BY > mHete™) = —0.11 4 0.12 + 0.01
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& Angular observablesin B » K¢t~
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@ The local contribution
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_ Grpry Ve Vo
aloca(B - ppto=) = - ‘i’/"i :’ 2 [Colh + CyoLhy] FBF

a, _
Ogy = ﬁ (SLVubL)(f)/“f)

/-\\I'- f \
::B | ik O10a= % (SLYubr) (y*yst)
Local Form factors
7K = (K()|sy,(1 —vs)|B(p + @) 300w [F(LQCDFLCSR)  — MILC
2 2 2 2 0 : ‘
mp — Mg mp — Mg mem [ (LQCD+LCSR) —— HPQCD
=[2p+q)u— e qu] f+(q?) + e qufo(qz) Lol = FH(LQCD) — LCSR(f*) _
- mem f*(LQCD) LCSR(f") 2

Lattice: calculation at large g%+extrapolation
[Bailey etc., 1509.06325; HPQCD, 2207.12468]
LCSR: calculation at small g2

[Cui etc., 2212.11624]
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€ The nonlocal contribution
U
Crdem v ryy [2imbc7 BoP 4 16n2}1§f)] + VipVip 16729}

ﬂg&nlocal(g N Pf-l'f_) — N ?

Yor = C1(Q5—0Q1) + C,(Q5—QY) H = iQ,[ d*xe'T*(P(D)|T[pyp (), Hitf]|Bp + )

Herr = C1Qf + C,05 + X.C;Q; + Cgy0gy 7{5"’) = iQ, [ d*xe'®*(P(D)|T|pyp(x), He:¢||B(p + @)

e
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@ The nonlocal form factor
HEP = iQ, [ d*xe'T*(P(p)|T|py.p(x), C1QY + C,Q8 + YC:Q; + Cg4084]|B(0 + @))

® Large recoil region 4m? — ¢% > Am, : light-cone OPE

A. Khodjamirian etc., 1006.4945 N. Gubernari etc., 2011.09813

® Small recoil region |¢?| = © (m?): local OPE (assuming quark hadron duality)

B. Grinstein etc., hep-ph/0404250 M Beylich etc., 1101.5118

® Resonance region: violation of quark hadron duality
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€ The nonlocal form factor: leading power contribution at Large recoil region

g*€ [1-7]GeV?
® Soft form factor o o

® Hard spectator scattering

P
S

b o b Qs s b Q16 s
® Annihilation
5 QL E q q q q
——R - —— <

[Beneke etc., hep-ph/0106067; Ali etc. hep-ph/0601034]
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@ Arriving at a complete leading power study at 0(ay)

> f:/\ 3
L/

Penguin operator
Insertion

D

® NLO correction at leading power
® Soft-collinear factorization
® More pronounced for B = Tt~
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@ Factorization formula

ﬂff’“) 7“ W (g*)[q2(2p + Q) — (mg —mg)q,]

477:2

0 at) = - N [ i o000 )

|

® X.CiH;

@ strategy of the calculation: two step matching

|

2.CiH; Jm
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&® hard function

oM = (W m 5 (1= 5) (Wh) )
Q; = H! « 040 4 Il s 08D (W) () A1 =9)h(0)].
o — L) (m) 5 (1-5) (W) 0)]

(@) ) 5 [Whi prow] (sn) (1 +) b, (0)}
@ the method [0911.3665,2002.03262]
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@ Jet function from A-type operators
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@ Jet function from B-type operators

B1
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€ Resummation of large logarithms

Hard function

MC H; (u ,Ll) — [ cusp(as) ln + yh(as)] C H; (u ‘Ll) f dvFERBL (U u, (XS) C H; (U ‘Ll)

w, —a(ip, 1)
= C; Hy(u, p) = eSnlint) <m > J UgrsL (v, u, up, 1) CiH; (u, up)
b 0

Jet function

d J-(n-q,0,p) a J- (n q, w, W)
ding 7i-qg—1 = [Teusp(@s) lnw + Yne(@)J-(n - q, 0,1) — [ do’ wlpy,- (0, w, as) g1

© 3,1 /n (une.m)
:>]—(n ’ CI; w, M) eSh(ﬂhC:M) J d(,() Au'hC ek U ((,()’ w )]—(n ’ qr W, HC)
T_l'q_l 0 (,(), (1)’ LN,— ) ’l’thC’lL{' T_l‘q_l
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€ Convergence of the convolution

f e (" @ q“’“)qu( ) and j/+<n-q,ﬁ-q,w,u>¢§(w>
0

®w-0
pg(w)~1, J-(n-qowp ~1 ¢z (w) ~w, Ji(n-qoup ~1
® - o
1. u - 2 % _ 1 o
t ~—]n— (n-gn-qg w,u) ~In“—— . : ~ 1 —
¢ (@) ~ —In— J-(n-qm-q0p) 7q Jo(n- g7 g ,p) ~ Zln—
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: : .. : o 2my, T

@ cffective Wilson coefficient Cl=Cost +—2 2 =yt
mp Mp
® CYinB-omfte:
4 . . . . .

NLO WA contribution brings about 35% = o} ——LO ——NLOprs === NLO
reduction for real part, and 15% reduction % ot -
for imaginary part —é'

®C inBomtte:

Only 3% corrections to qff)
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. . = 0.20F ' ' ' -

@ Branching ratios: £, mem O mmm NLOppg mmmm NLO

T o000
WA brings negligible corrections ) =

) =
< -o020.
g 0.00f

@ CP asymmetriesin B » nf ¢~
<
e

€ CP asymmetriesin B » K£T £~

q Ge\/2
_ [1.1,2.0] [2.0,3.0] [2.0,3.0] 4050 [5.0,6.0]
B~ > K—¢%¢~ 1.0819:92 0.671092 0.441912 0.33+912 0.27%319
B® — KOp* ¢~ 0.01+9:98 0.04+9:97 0.0619:97 0.08+9:97 0.0919-07
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@ Isospin asymmetry

0.0 T :
0.005_ o 1O NLOprs s NLO '
€ NLO WA brings about 25% _g e
shiftof A;in B » mé £~ i: —0-05
= —0.10f
_0.15]

®A,inB - mft{ is 3-6 times
larger than B —» K£1¢~
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€ We established the factorization formula for the weak annihilation
contribution in B » P£T £~ at leading power, and calculated NLO

perturbation functions

€ NLO weak annihilation contribution can bring sizable correction to the

CP asymmetry and isospin asymmetry.

€ The power suppressed contributions, such as long distance quark loop

diagram, may have large impact on many observables
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