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B decays are important!




WhyB—>yy?

« FCNC: Sensitive to dynamics beyond the SM, e.g. CP violation

- Simplest decay (as B — 1 7): to address the intricate strong

iInteraction mechanism of the heavy-meson systems

— — structure of the B meson
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WhyB—>yy?

» Sensitive to dynamics beyond the SM (FCNC), e.g. CP violation

- Simplest decay (as B — u ™1 7) to address the intricate strong

iInteraction mechanism of the heavy-meson systems

— — structure of the B meson

Observables Belle 0.71ab™ ! (0.12ab™!) Belle Il 5ab™! Belle Il 50ab™!

Br(Bg — v7Y) < 740% 30% 9.6%
Belle |l Acp(Bg — vY) — 78% 25%

] Br(B, ) < 250% 23% ~
Physics Book - S

BRE ) (1320 10 2 BRB - ) D6t ) o [0

[Y.-L. Shen, Y.-M. Wang, Y.-B. Wei, 2009.02723]



History of B — yy b——
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Leading power

Two polarizations
[Bosch, Buchalla, hep-ph/0208202; Descotes-Genon, Sacharajda, hep-ph/0212162]

» NLL corrections + Systematic power corrections

both ~ O(10%) [Y.-L. Shen, Y.-M. Wang, Y.-B. Wei, 2009.02723]
» One important but tough piece missing — — long-distance
penguin contribution g .




History of Long-distance penguin contribution

In inclusive b — s decays

_ A¢ cp  "MpNoep Aoep
_ Realized in B — Xy, expansion of Q2 ( (22 )", beyond <
m¢ m¢ mp oy

[Voloshin, '96; Ligeti, Randall, Wise, ’97; Buchalla, Isidori, Rey, '97]

. Factorization in B — X y using SCET, mc2 ~ m,Aoep
[Benzke, Lee, Neubert, Paz, 1003.5012]

Factorization in B — Xt
[Benzke, Hurth, Turczyk, 1705.10366]

— > u >
- Phenomenological Application in B — X, £
[Huber, Hurth, Enrico, Jenkins, QQ, Vos,1908.07507, 2007.04191]

®

In exclusive b — s decays Soft gluon from charm-loop

o Initiated in B — K*y
[Khodjamirian, Ruckl, Stoll, Wyler, ’97]
» Developed in B — K*£7¢

[Khodjamirian, Mannel, Pivorarov, Wang, 1006.4945]
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History of Long-distance penguin contribution
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P: an angular-distribution observable

[LHCb, 2003.04831]

Charm-loop effectin B — K*) ¢t ¢~ and B — K*v

A. Khodjamirian (Siegen U.), Th. Mannel (Siegen U.), A.A. Pivovarov (Siegen U.), Y.-M. Wang (Siegen U.)

Jun, 2010
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History of Long-distance penguin contribution

» Long-distance penguin contribution exist in basically all b — s

decays
» Factorization completed in inclusive decays, but not yet in

: 7
exclusive decays

- Attempt in the simplest decay B — 7y

-

Soft gluon from charm-loop




Factorization
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Factorization

4G
TS Valiy |G PO

p=u,c

6
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1=3

)+ Co(v) Py (v) + Z Ci(v) Fi(v)

@QL%TGPL) (PL"T*br)

Py = (qcupr) (pL’Y”D

Ps = (qrvubr) Z(TV“Q’);

q/
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q/
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Factorization

Integrate out the hard and hard-collinear d.o.f.

M=H%*J*S (my, > m.~ O(G/Amy,) > AQCD)

First-step match:

wa(emgt)o | >—1 | &Eplnn. Fio)

loop: anti-hard-collinear
F(x) = 4 x arctan’ P /
g .

(p=D*==2p-l=—myi-l b ENYE
= Non-local operator!
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Factorization

Second-step match: g

p//n

P r @Gy PLG,, FPb|g(D)b(v)gk)) 4

q//n

[ 8em €,

= e p, ef(p) €X(q) X |GV 1§75 PLGo(€) D(V)
<p ! el q}/ﬂ p hard-collinear

(q—k)2=—2q-k=—mbn-k

» The hard-kernel (jet functions) depends on 2 different light-cone

components of the gluon and light quark momenta.

* [t becomes evident to introduce the 3-particle B-meson distribution

amplitude with 2 light-cone directions.

HxJxJx®;
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Factorization
The explicit factorization formula:;

8 (p). softdq _ Qq qu 400 d 00 da)2 Cl
}5(%}2L == ‘ ( — )\ G — 0, 1
P : Mg \N_ew @Y Yoo @2 2N,

The light quark momentum component w; =n - k ;
The soft gluon momentum component w, =1 - [ .

The novel B-meson DA:

(01 (in) &G e tirlysh,0)|B,)

+00

+00
= 2fB(//l) mg J da)l J da)z cXp [_i(a)lfl + 6021'2)] (I)G(a)l, W, ,l/l)

— OO0

» The quark and gluon fields are localized on 2 distinct light-cone directions.

Non-trivial RG evolution of this soft function, mixing positive 1into negative
support of w,,. See an upcoming paper [Huang,Ji,Shen,Wang,Wang,Zhao,2312.15439].

See also Yong-Kang'’'s talk.
14



Factorization

The (tree-level) normalization conditions of ®:

Matching the conventional 3-particle B meson DAs as 7; or 7, — 0.

(01G(z))(8, G )(z) M hylys h,(0)|B,) = 2 fr(u)®y(zy, 29, 1) Twist 4

(01G(z))(g; G, )z n* fiylysh,(0)|B,) = 2 () @s(z,, 2, 1) Twist 5
[Braun, Ji, Manashov, 1703.02446]

/ dw1@G(w1,w27M)=/ dwy ®4(wi,wa, 1),
0 0

* / dWQ(I)G(WlaW%H):/ dwa @5 (w1, wa, 1),
0 0

o0 o0 )\2 )\2
/ dwl / de (I)G(wla W2, :u) — L i i
0 0

3 ?

=P The power counting: FE"ft"‘q/FLLP ~ Aplm,

15



Factorization

The asymptotic behaviors of ®:

P (wi,wa, 1) ~wy ws at wi, wg — 0
The explicit factorization formula;

8 Q fB T d m?2
Z C, Fl(zLa) softdq _ C2 2N (— — Z) )— 1] X Og(wy, wy, 1)
i=1 )

s The convolution integral converges.

16



Numerics

The &, parametrization:
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» The up-loop contribution dominates; the charm-loop is 1-order smaller.

» The new power correction accidentally cancels the previous ones.

Clean channel to determjne As and to probe new physics.



Numerics

The B, results:

1 ~ 2 e

Central Value || Total Error | Ap, 593, o 1 v o A | mb®
11.096 10.680 10.736 10.083 | 40.278 | +0.246 | +0.212 | 40.043
~1.012 —0.439 —0.779 —0.299 | —0.287 | —0.066 | —0.200 | —0.043
f 0.408 10.044 140.015 40.016 10.002 | 40.037 | +0.007 | +0.005 | +0.002
| : —0.046 —0.015 —0.033 —0.009 | —0.026 | —0.002 | —0.006 | —0.002
f 0.592 1+0.046 +0.015 +0.033 +0.009 | 40.026 | 4+0.002 | 4+0.006 | +0.002
1 : —0.044 —0.015 —0.016 ~0.002 | —0.037 | —0.007 | —0.005 | —0.002
_Adir, | +0.043 +0.007 +0.017 +0.013 | +0.027 | +0.024 | +0.007 | +0.004
CP —0.027 —0.004 —0.010 —0.008 | —0.018 | —0.012 | —0.007 | —0.004
Amix, I +0.053 40.019 40.001 40.021 | +0.026 | +0.015 | +0.011 | +0.008
CP —0.084 ~0.036 ~0.002 —0.047 | —0.040 | —0.029 | —0.013 | —0.009

O ——
A“ 10.024 40.009 40.003 1+0.013 | 40.013 | 4+0.010 | 4+0.004 | 4+0.002
AT ~0.013 —0.004 —0.002 —0.005 | —0.007 | —0.004 | —0.003 | —0.002
Adir, 1 +0.078 +0.015 +0.060 4+0.035 | +0.012 | +0.014 | +0.018 | +0.018
CP —0.053 —0.012 —0.035 —0.014 | —0.024 | —0.010 | —0.016 | —0.017

/

Amix, 1 +0.087 10.043 40.015 40.025 | 4+0.060 | +0.026 | +0.003 | +0.009
\CP —0.066 ~0.028 —0.035 ~0.014 | —0.038 | —0.012 | —0.003 | —0.008
AL 10.017 40.000 40.009 140.007 | 40.001 | +0.005 | +0.006 | 40.007
AT —0.030 —0.003 —0.019 ~0.017 | —0.002 | —0.009 | —0.007 | —0.008
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Numerics

Giulio Dujany, Moriond 2024

B(B° = vv) B(B® = vv)

(at 90% CL)

Belle (5.4%52 +0.5) x 10~° <9.9x10°°
Belle 11 (1.7737 4+ 0.3) x 1078 <7.4x1078
Combined (3.772'2 £0.7) x 1078 <6.4x1078




Summary and prospects

» We have factorized the long-distance penguin contribution to B — yy
decay, for the first time in an exclusive decay.

o A novel B-meson DA is introduced, with quark and gluon fields localized
on two different light-cone directions. It provides a new window to probe
the inner structure of the B meson.

» The new contribution cancels the known factorizable power corrections,

making B — yy a clean channel to determine AB and to probe the non-
standard dynamics.

» The developed formalism has a broad field of applications to the entire
spectrum of the exclusive FCNC B-meson decays, including flagship
modes, e.g. B~ K"y, B~>K"up.

Thank you!
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Backup
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By By
ALENLL 110=4] 3.4+ 1.94 —20 — 0.3774
Afac,NLP 1(—4] —0.15 — 0.53 4 0.92 + 2.6
ARReNEP [110-4) 0.25 — 0.36i —1.6 4 2.6
Abad:y [1074] —0.30 — 0.174 1.4 — 0.0021 4
Asoft,4a 110=4] (—0.0079 + 0.0784) —0.11 4+ 0.0164

(FELJP’NLL, FCLP’NLL)

(—0.056 — 0.0092¢, —0.048 — 0.00197)

(—0.057 — 0.00947, —0.049 — 0.00207)

(i, P

(0.0051 + 0.00092, 0.0043 + 0.000197)

(0.0094 + 0.00164, 0.0034 + 0.000167)

(FSOft ,4q ’ choft ,4q)

(—0.0024, —0.00025)

(—0.0021, —0.00025)

(Fy' F2©)

(0.0055, 0.0055)

(0.0067, 0.0067)

(P, Fe™)

(0.000049, 0.000049)

(0.00078, 0.00078) [0.00079]

(Fa, F22)

(—0.0010, —0.0010)

(—0.0011, —0.0011)

(Fy )

(0.0046, 0.0046) [0.0047]

(0.0048, 0.0048) [0.0050]

(Fe, Fe)

(—0.0036, —0.0036)

(—0.0043, —0.0043)

(FM FY)

(—0.0049 + 0.000092i, —0.0037 + 0.00567)

(—0.0059 + 0.00011%, —0.0045 + 0.00657)

(FiaC’NLP ’ F;fac,NLP )

(0.00054 + 0.0000924, 0.0018 + 0.00567)

(0.00098 + 0.00011%, 0.0023 + 0.0065%)

[(0.00063 + 0.0000927, 0.0019 + 0.00564)]

(0.0011 + 0.000114, 0.0024 + 0.00657)

fac,NLP fac,NLP
(FR,u ’ FR,C )

(—0.0046 + 0.000092¢, —0.0033 + 0.0056%)

(—0.0054 + 0.00011%, —0.0041 + 0.00657)

A=ViV,F,+ ViV, F, (q=d,s)

cq’ ch
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