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Collider Physics

Standard Model Total Production Cross Section Measurements Status: June 2024
ATLAS Preliminary Theory
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B Physics
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o CPV: AY — pK~7m ™ [LHCb, 257,
[Wang and Yu, 24']

o R(D™): [Wang, YBW, Shen and Lii, 17']
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B Physics
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Pullin o

@ Multi-scale problem:
A VAmy, my,

BLCDA ~ O(A)

@ Power correction:

o
A o@ow)

my

o IR renormalons [Beneke, 98']
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Expansions in B decays

The perturbation expansion and power expansion

as ~ N/my ~ 20%
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HQET LCDA of heavy meson

The leading-twist heavy-meson HQET LCDA [Grozin and Neubert, 96']

(Holo(O), 7 s ()]0} = —fia(12) s - / " o €, )

HQET LCDA: appears in exclusive B decays

e B—nK- LQCD: amy 2 1 [FLAG, 24]
e B— DMy ... o Effective b quark action
e B—~lv --- @ Quark mass extrapolation

First inverse momentum A~ O(Aqcp): NOT well determined

0 T T 1
2 .3 .4 .5 .6
Belle, 18] B 3o ™ Ly '
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Study of HQET LCDA

HQET LCDA: non-perturbative physics

Inverse moments: [Wang and Shen, 18], [Beneke, Braun, Ji, and YBW, 18'],
[Belle, 18], [Galda, Neubert and Wang, 22'], [Han, et al., 24']

EOM [Kawamura, Kodaira, Qiao and Tanaka, 02'], [L{, Shen, Wang and YBW, 18']

RG evolution properties: [Braun, Ji and Manashov, 19'], [Galda and Neubert, 20'],
[Cui, Shen, Wang and YBW, 23]

generalized LCDA [Beneke, Béer, Toelstede, and Vos, 22'], [Qin, Shen, Wang and
Wang, 22'], [Huang, Ji, Shen, Wang and Wang, 23]

Determination of Ap

@ Extract from the experiments: clean process B — vfv, W — By

o Calculate with LQCD, inverse problem approach
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Decay form factor
Fyya(By) = R(B) + [¢(B,) £ AS(E,)|

@ Factorizable contributions:
higher-twist B-meson LCDA,
QCD — HQET: b quark field

@ Non-factorizable contributions:
hadronic structure of the photon

[Wang and Shen, 18], [Beneke, Braun, Ji, and
YBW, 18'], [Galda, Neubert and Wang, 22'],
[Cui, Shen, Wang, and YBW, 23]

_RWIL ¢ A
RN gl pghe

Ap [GeV)
[Cui, Shen, Wang, and YBW, 23']

Y.B. Wei (CCNU) B-meson LCDA Jul. 16 2026 8/16



B — ~lv

(Ho[Ru(0) 1t 7° gs(tn4)]0) = —ifur() o - v /Ow dw € ip 4 (w)

Exclusive B decays: B-meson HQET decay constant }”B:

fo(p) = K (u)fs
QCD decay constant fp calculated with LQCD [FLAG].
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B — vty

(HIR O (tn)[0) = ~T(u) e [ o e )

Exclusive B decays: B-meson HQET decay constant ?B:

fo(p) = K (u)fs
QCD decay constant fp calculated with LQCD [FLAG].

The relation receive
power corrections
[Becher, Neubert and Petrov, 00']
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i=1,2 Q j=1

fo = K(u) fo(u) + NLP
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B — ~lv

0.6f i?N'NLL
. . 0.5F 143 E
Power correction in fg oal —
4 TT~——0un — a¢
= 20% increase to Fy,4 03f \
0.2} ]
= 40% increase to decay width otf—o
0.0F /:_:_::_‘;‘_:;:—-
[Liu, Su and YBW, in progress] ok ]
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Also affect the exclusive extrac-
tion of | Vi and | V).

e
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02 o ')\ l}'é\)
[Belle, 18': Ap > 0.24 GeV
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W — By

b\\B_
Rare decay W~ — B~v: B-meson QCD LCDA = <
[Grossman, Kénig and Neubert, 15'] T /
n

5
Match from QCD LCDA to HQET LCDA [ishaq, Jia, Xiong and Yang, 19'],

[Zhao, 19'], [Beneke, Finauri, Vos and YBW, 23'], [Deng, Wang, YBW and Zeng, 24']
paop(v) = J (v,w) ® puger (W)

5.5

Our result: with In Agcp/mg resummation

’:X\ 4.0

0.05 2.95 12 S s

Br = (2.58 £ 0.21in 1008 ) To08 25) - 10 L

A v

- D

30% increase "
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LaMET

LaMET [Ji, 137 HQET
_.-*5  Quasi DA ARSI
—”::—"/V A, - A
o (v, Aqcp) S HQET
Quasi DA LCDA
(P%,my, Aqcp) N / (Aqcp)
QCD
LaMET LCDA bHQET
(my, Aqep)
From QCD LCDA to HQET LCDA
1.2
. Pert.
_ 08
3 . .
3 First inverse moment [LPC Collabo-
S

0.4

ration, 26'1 Ag = 0347(21) GeV

o (GeV)
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Indirect study of HQET LCDA

From QCD LCDA to HQET LCDA

(W) = J(u,w) @ p+(w)

The heavy meson QCD LCDA [Braun and Filyanov, 89|

T IO Al = it pa [ due o)

The leading-twist heavy-meson HQET LCDA [Grozin and

Neubert, 96']
p+(w) 4 Aqop

(Holo(0), 7 @ (t0)10) = — (1) s - / " o Y, ()
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Power corrections: preliminary

At NLP in A/mb, we have [Lu, YBW and Zhang, in progress]|

2 _ ip
O1 = hv(o)%%ﬂs q(nty)

From EOM, need three-particle B-meson LCDA
07 q(x)T [z, 0]hy(0) = 0°[q(2)T[z, 0]2,(0)] — G(2)T[z, 0] D" 1, (0)

1
+ z/ duuq(z)[z, ur]gs 2o G°° (uz)[uz, O]T'hy(0)
0
Higher power HQET Lagrangian Oy [Neubert, 93]
Otin = L / d'z T{Orp , Oxin}, Okin = hy(iD)*hy
QmQ

Nonperturbative matrix elements of the operators.
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Power corrections: preliminary

Contribution form 61

P win) = g { (B =) o ) + s ) + 62(s) term |

2mq

Local duality model for 51(111 from QCD sum rules

3

kin, . ,_ 1 ]3 , 3 w® + w(dwi — w?) 0(2wo — w)
o (MM)*% Fwopr(wip) = "

Finally we obtain the power corrections

ff}(:) {w + o4 + sol-f“} (uma; ) + O (a2, as/maq, 1/mp)

¢(u; p) = mu
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Summary

% Power correction in fp matching and application to B — v/v

e 40% increase of decay width

% Match QCD LCDA to the HQET LCDA

o Application in W — By decay
o LaMET quasi DA: A = 0.347(21) GeV

e Power correction at tree level

Thank you!
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Evolution of the LCDAs: ¢, and ¢

Two-step evolutions: Agcp — mg — @

Aqep mq 0

d(mg) =T @ pi(mg) ERBL ¢(Q)

¢+(Aqep) LN 0i(mg)

6r = ‘ ' ]
B meson — mppi(ump; jis)
i < mppy (ump; i)
(ZS(TTLQ) — ¢(Q) 4f — &(u; pp)
evolve of the Gegenbauer mo- . — $(u;mw)
ments \

an(pn) _ <as(ph) ) 285

a’"(u) B Qs (/1/)
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