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Outline

e Necessity of study on the weak annihilation contribution in B — {K, 7} {T¢~ decays

e QCD factorization of the weak annihilation amplitudes of B — {K, 7} £T¢~ decays

e The phenomenological impact from weak annihilation contribution

e The power suppressed long-distance quark loops

Based on: Y. K. Huang(# 5 FE), YLS, C. Wang( L) and Y. M. Wang(E K ),
arXiv: 2403.11258
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b — (d, s){*T¢~: prominent tools in searching for new physics

e Flavor-Changing Neutral Current processes: standard model contribution is loop suppressed

e Rich angular distribution observable in B — V/£T¢~ decays

1 dY(T + 1) 9 3. , 1,
= = = — |=FLsin“ 0 F 0 —Fy, sin“ 0 26
d(T"' +T)/dg? dg2d§ |p  32n [ Lsin® 0 + Fp, cos” Ok + 2fr sin“ 0 cos 20,

4
—Fp, cos? 0k cos 20, + Sz sin? 0 sin® 0, cos 2¢
4S54 sin 20 i sin 20, cos ¢ + S5 sin 20k sin 0y cos ¢
+%AFB sin® 0 cos 0y + S7sin 20 sin 0 sin ¢
+Sg sin 20k sin 26, sin ¢ 4+ Sy sin? O sin? 0, sin 2(1)] s

The “clean " observables
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Fr(1—Fy)
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Anomalies related to b — (d, s)¢T(~

e Branching ratio of Bt — K+¢T¢~ [B. Capdevila, etc., arXiv: 2309.01311]

1.1,2.0],5M _7
BL A, =(0.33+0.03)x1077,
4.0,5.0],SM -7
B, = (0.37£0.03)x1077,
5.0,6.0],SM -7
B S, - =(0.37+0.03)x1077,

B2 O (991 +0.02)x 1077 (4.00),

Bt K+utu—
BET T = (0.2240.02)x 1077 (4.40),
BEPOIE = (0.234+0.02)x 1077 (4.00).
o the angular observable PZ[B. Capdevila, etc., arXiv: 2309.01311]
PGy = —0.72£0.08; PLIEOS0 081 40.08

PSSO — 0439+ 0.111+£0.036 (1.90),  P.LI5%%% = —0.583 +0.090 + 0.030 (1.90).
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Anomalies related to b — (d, s)¢T(~

e Isospin asymmetry A;(B — K{1(7)
B(B® — K"Outp™) — (o/74) - B(BT — KWty
B(B® — KMOutp=) + (ro/74) - B(B* — KO Fptp=)’

—-2011 -v-2012
T T

Ar =

1 T T
< LHCb B - Ku'u
05f 3
of + | flT— ; ]
]D 5'; 1'0 1'5 2'0 :
R [GeVIcA

e Including 2012 data, A;(B — K{*{~) deviates from zero at the level of 1.5 (40 from 2011 data)
[LHCb, JHEP06,133(2024) arXiv:1403.8044]
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The importance of annihilation contribution

e Sensitive to isospin asymmetry and CP asymmetry in B — (K, 7){T¢~ decays

Charged B meson decays: (color allowed) tree operators contribute
e Necessary blocks for scale independence of the A(B — (K, m){T¢™) at leading power

e two-loop matrix elements for penguin operators(¢q* # 0)

o one-loop weak annihilation contribution in the longitudinal amplitude
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The decay amplitudes of B — (K, 7)¢* ¢~ at large recoll

e the decay amplitude
A(B = PUTET) = —(P(p")0T [Her | B(p))
we will concentrate on the large recoil region(1GeV? < ¢* < 6GeV?)
e The effective weak Hamiltonian for the semileptonic b — D¢T¢~ (with D = d, s)

G . . o
Ho = —7; [th o HYD + Vv, H ] e,

where
HL=Crof+CaQs+ Y Qi HY =C1(Q5 — QY) +Cx(Q5 — QF)
1=3—10

e the semileptonic operator

aem 7 —
Og10 = o (Cl)v,a (5b)v—a,
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The leading power decay amplitudes at large recoil

e Contribution from semileptonic operators Oy 19

.A(B — K[i_f_)l@g,w

GFr Qem, _ _
= —= Vi Vit |0l ' Co f 51 (@%) + Lruvsl p Cro S (67) |
N
N yau
N/
AN
————
B K
e B — P form factors
N ~ m2 — m2 m2 — m2
(P(O)|ay"vsbl B(p)) = fEp(q°) p“+p'“—%q“ +f§p(q2)%q”
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The leading power decay amplitudes at large recoil

e Contribution from electro-magnetic penguin and four-quark operators : [Beneke etc. , NPB 612
(2001) 25-58 arXiv: hep-ph/0106067] B — (K, m)y*,v* — £T4~

~ Gem M ley “ (q2)

(P() v (a0, )|H 3 | B(p)) = [@° (pu + 1)) — (mB —mP) qu]

471’2 mp
T =) fhe(e)
w2 Fp fp © dw 1 (t w)
_— e d T o m ) ) ’
N XD [ e ) b ) o)

Yuelong Shen (OUC) NLO WA correction to B — {K, w} ete— 9 /27



The leading power decay amplitudes at large recoil

e Hard spectator scattering and annihilation contribution
T =@ fhele

F dw u ‘
7r B fr Z / “ / du Il(f m> (wyu, 1) pB,m(w, 1) pp(u, 1),
— Jo

o@’ <§

Q‘Q
5
3

e weak annihilation diagrams contribute at leading power for B — P{¢T¢~ and the longitudinal

polarization of B — V/{+{~
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SCET analysis of B — (K, m){t(~

e Two step matching: QCD—SCET—SCETy [Ali etc. EPJC 47 (2006) 625-641 arXiv: hep-ph/0601034]
a 4 4
Heps — R VAN /dséfs]f‘s + /ds/dra'B s,r)JP (s, T
£f 73 w<; (5)Ji"(s) ; i (s,m)J5 (s,7)

+/ds /dr /dt éc(s,r, t)Jc(s,r7 t)) + Higher power operators

e the A-type operators o @ o
_ B nt _ b ‘fjl/‘ o o} RSSO
Ji = Xne(sm) (1 +78) {7, ——3(0) Lyu(35)L I el e
!N%y?«; b NG ! w‘:
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SCET analysis of B — (K, m){t(~

e the B-type operator o o o

_ B nH B B — : LI ‘}:‘”'*’
JE = Xne(sm)(1+98) {31, ~—FAner (r)(0) Eru(s)t, o

e the C-type operator(incomplete) e Bnan Tl [} :

" 0 ! a i a

T = Tnelsm) (14 3) B (07) Ty (am) (L1 90) o),
Yuelong Shen (OUC) NLO WA correction to B — {K, w} ete— 12 /27



SCET analysis of B — (K, m){t(~

e Mathching from SCET; to SCET
</ d*xT{JP (s, 1), L)) (@) }er =I5 @ (OF (s, 1)) pr

e B-type SCET operators are matched onto the following SCET; operators

22,0 . m) (1~ 30) 2940 B ()t

07 = Xe(sn)(1 + Ws){ﬂv

e Definition of LCDAs
= o 1 o
(P(p)] (XWe) (t7) %w (Wix) ©10) = =i fp 55 /0 duet TPV G (u, p),

(0] (@:Y2) (¢7) () 5 (Vi 1) (0)10) = ZfB(me et o5 ),
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The NLO annihilation contribution

e An additional operator O(B1) also contributes at leading power

Qi =H x0®10 + gllx 0B

ot = [(xwa (1) 2 (155 (Wiy) (0>] [(EWe) (0) (1 =) hu(0)]

oy — L {(;zwg) (tﬁ)%(l—%) (ng) (0)} [(gwc) o2 [sz' ,DLCWC] (sn) (1 +s) ho(0) | ,

mp 5

e Hard functions HZ-I’II have been calculated up to two-loop order.

e tree operator [Beneke etc. , NPB 832 (2010) 109-151 arXiv: 0911.3655]
e penguin operator [Bell etc. , JHEP 04 (2020) 055 arXiv: 2002.03262 |
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The annihilation contribution in SCET

e Matching to O(B1:

() atan)s(up)g T [ daLaco(a), b))

= i (') (@) s(up) g ()| O b(ps)) i VA4 {
11
Lo _ L1 HIO _ o
1 N. @’ ? 7
e i B il ~11(0) i 1
s = 5 {QCF Ncu]’ A
I ORT - O iy =165,

Yuelong Shen (OUC) NLO WA correction to B — {K, w} ete— 15 /27



calculation of jet function

e Match O™0 to SCETy;

A _ _
AVn.gn-q)n, =

/d‘lave“lI 0|T{ Jera, u (), (EWe) (

+ [ o i@

0} 1561

) iLe (v) (EW2) <0>%hv<0>} B(p),

i i i Vs Eias W
- ra pl
) (9)
n2 n2 2
2
Il _1+cp{1n2 B _om ln(1+?7)71n2(1+77)+<771) In(l +7) — = — 1],
w—"n-q —n-q n 6
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Calculation of jet function

e jet function from B-type operators

n-q d4£l? eiqm/ds ei(n~q)7‘s
27

[ atutorr (% @)L (), (€2) (003 [Wi PLoWe] (sm) o (0)} BO)

B _ _
= 1(3 1)(n~q,n-q,7)nu.

Ji
hy
[
< N -1, (0)
[ Y jmn.//
p AN
q ’
@ .
(L o 8
Etll
‘

S4qs

1Y =20 (14 (1 - 1) 6(r) 01— 7),
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The analytic result

e the explicit expressions of the NLO weak annihilation corrections to the short-distance matching functions
(t,u)
TP, m

{Tgﬁ)@ Tz(vi)Jr} 5 _QqN—/ drl+(n-q,n-q,w,T)

{ ZC’ [HI (u, 7) g — HY (u, 7) 5qd5pﬁ] ZC H (u T)}

=3
{T(m (t>_} 5 QN4mBJn (n;ciﬁ%g, w)
6
{_Zcﬁwuw_m Guare] Y G},
i=1 i—3

the effective Wilson coefficients
2my, T3 (¢%)
mp ng(q2)
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Convergence of the integral

e the asymptotic behavior of B meson LCDA
$pw) > w, dpWw) =1, w0

1 _ 1
¢§(w)—>flnﬁ, ¢p(w) = —In = W — 00
w o w w

e the asymptotic behavior of the jet function

Ji(w) =1, J-(w)—1, w—0
1
J+(w)—>71n7L, Jf(w)—>1n27L, w—0
w n-q n-q
e convergence of the convolution
[ dwti@ish@)
and
dw _
/mﬂ—(WWB(W)
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Phenomenology

e impact on Céu) in b — m¢*t¢~: NLO WA contribution brings about 35% reduction for real part, and

15% reduction for imaginary part(comparable to other NLO contribution )

e only 3% corrections to T,gt)

Yuelong Shen (OUC)
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Phenomenology

e including the NLO weak annihilation correction in the improved theory predictions can lead to the negligible
impacts on BR(B — K¢1¢7) and BR(B — nft¢7).

o Acp = {1.021593, 0647553, 0427519, 0.3170:15,0.2675:00} B~ — K~ £7¢~
Acp = {0.0177393, 0.0475:97, 0.0610:37, 0.0810:97,0.09%0:00} B® — K¢,

[@2ins aax) = {[1.1,2.0], [2.0,3.0], [3.0, 4.0], [4.0,5.0], [5.0,6.0]} GeV?>.
e CP asymmetry in B — wft¢~

é 0.20 mem O mmm NLOgpps mmm NLO
5000
)
< -0.20
T 0.00
£,
‘I:
T -0.30
)
< -0.60
1 2 3 4 5 6
7*(GeV?)
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Phenomenology

e the isospin asymmetry of B — K/*/~ in the kinematic ranges ¢* € [2.0,4.0] GeV? and
q? € [4.0,6.0] GeV? are given by (—0.74)70-22 % and (—0.44) 1508 %, respectively,

e isospin asymmetry in B — m/t(~

mem LO mmm NLOpps mmm NLO

A(B — wt

about 25% corrections to Aj(B — wf147)
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Power suppressed quark-loop contribution

e the power supprssed contribution: long distance quark-loop

2
>
(>

f< TOO00000000 Y / \

[
b\/

s

N AW

e Firstly calculated by A. Khodjamirian etc.using light-cone sum rules [JHEP09(2010)089
arXiv:1006.4945], the predicted contribution is about 5% for B — K{* ¢~ and 20% for
B— K*te~

e A more recent study by N. Gubernari etc. [JHEP02(2021)088 arXiv:2011.09813]obtains a much
smaller result by employing the full set of 3-particle B meson LCDAs.
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Power suppressed quark-loop contribution

long distance quark-loop in B, — vy [Qin etc. PRL131(2023)9, 091902 arXiv:2207.02691]

e power counting of the loop momentum: hard-collinear rather than hard m2 ~ myA

the soft light quank and soft gluon must be along opposite light-cone direction

the soft function

(01(GsSn) (m1m) (S} S7)(0) (SE gs Guv Si)(2m) 7”9y 75 (SLhy)(0)| By)

oo oo
=2fp(n)m / dw1 dws exp [—i(w1T1 + waT2)] Pa(wi,ws, 1),
0 0
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Power suppressed quark-loop contribution

e Renormalizaiton of the soft function|Huang etc. PRL133(2024)17, 171901 arXiv:2312.15439]

400 400
OrGen (le w2, /J') = / dwi / dwéZG (le w2, w/17 wév u)okéare (w/h Wé) )
—o0 —o0

(a) (b) (c) (d) (e)

e the renormalization constant

e s C 1 2
Zé) ) % -4 { [7 +In ,ui +i7r9(w1w2)] S(w1 — W) 8w — wh)
T € € wiwsg — 10
27

+ ( : ) [Hy(wi,w]) — H_(w1,w]) — 2imé(w1 — w]) O(wh — wa)]

[Hy (w2, wh) — H_(w2,wh) — 2imé(wz — wh) O(w] — w1)] },

e the support region of ®¢(w1,ws, 1) must be extended to the entire real axes —oo < w12 < +oo.

Ha (wy,w]) = 0(Fwi) F> () (wg, wl) + 0(Fw;)G<) (wy, w))
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Power suppressed quark-loop contribution

e the aysmtotic behavior

ML+, 1 artaz | _ g—imas
ex E H Ho
CDGP(WLQ —=0,u) = 7*2€Xp[v+2’yE (a1 +a2)] | — S
6 wp wo 4
A2 402 1 ai+taz w 1+ay
exp E H Ho 0
OGP (wi,2 = oo, p) x —=——= — exp [V + 27g (a1 + a2)] —
6 w§ wo Fwi
4 — = 1.0GeV 6 — p=10GeV
T o3 — ;1= 2.0GeV, Re|dg L 5 — i =20GeV, Re[dg]
x et = 2.0GeV, Im[®g x 4 - i = 2.0GeV, Tm[®¢;
E 2 — i =50GeV, Re[bg T: 3 — 4 =50GeV, Re[®g]
31 i =5.0GeV, Tm[®g 302 = 5.0GeV, Im[®g
3 21
& 0 El
1

: Re[bg)

T[]

Yuelong Shen (OUC)

wi(GeV)

NLO WA correction to B — {K, =} ¢+ e~

wo
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(14 a)D(1+ az)

1+asg
) s
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Summary

e The annihilation contribution is necessary for the scale independence of the B — (m, K){T ¢~

decay amplitudes

e The annihilation contribution is also has significant impact on the CP asymmetry and isospin

asymmetry in the B — m{T{~ .

e The power suppressed contribution is also required for the precise study on the heavy meson decays.
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