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LHC

Standard Model Total Production Cross Section Measurements

Status: June 2024
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B Physics
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Heavy meson LCDA in bHQET

@ Multi-scale problem:
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@ Power correction:
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B Physics
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New physics beyond the SM
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o CPV: AY) — pK 7™ [LHCb, 257,
[Wang and Yu, 24']

] R(D(*)) [Wang, YBW, Shen and Lii, 17']

] ‘ Vub/cb’: [Shen and YBW, 21]
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HQET LCDA of heavy meson

HQET LCDA: appears in exclusive B decays
, e B—nK---

e B— DHy ...
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[Belle, 18], [Beneke, Braun, Ji, and YBW, 18’]

Y.B. Wei (CCNU) Heavy meson LCDA in bHQET Oct. 25 2025 5/17



Direct 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]

Direct determination: A\p
o Calculate with LQCD [LPC collaboration, 22]

@ Extract from the experiments: clean process B — v
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Direct determination

B — 'y&/: [Wang and Shen, 18'], [Beneke, Braun, Ji, and YBW, 18'], [Belle, 18'], [Galda
Neubert and Wang, 22], [Cui, Shen, Wang, and YBW, 23]

O 03 o4 05
Ap (GeV)
[Belle, 18': Ap > 0.24 GeV

" 06
Power correction = 50% increase = A > 0.3 GeV? [Liu,
=] =
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Indirect study of HQET LCDA

Indirect determination: \p

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']

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

The heavy meson QCD LCDA [Braun and Filyanov, 89']

S I ()| QO 7" a:)10) = ~ims o [ due™ ™ o)

The leading-twist heavy-meson HQET LCDA [Grozin and
Neubert, 96']
o (w) == Aqep

(HIR O (i )[0) = <) e -0 [~ o+ (1) (6
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Boosted HQET

QCD LCDA = B-meson production: highly boosted

The heavy quark field in bHQET [Fleming, Hoang, Mantry and Stewart, 07'], [Dai,
Kim and Leibovich, 21'], [Finauri: PhD thesis]

nie) = eI g

For heavy particle with large energy

) Top—quark production [Fleming, Hoang, Mantry and Stewart, 07']

@ B-meson leptonic decay with 7 lepton [Huang, Shen, Zhao and Zhou, 23],
[Shen, Wang, YBW and Zhou, in progress]
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Systematic power counting

%@ Systematic power counting: boosted frame

Reconstruction QCD SCET
N S
ey & oot
0
atrest fatjet HQET bHQ_ET

The LP operators

A 1 nyv ip.

Ok:m > hﬁ+(n+v D)’}'fsc

Only operators O() and 01 will appear at LP [Beneke, Finauri, Vos and YBW (Z2]]
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Factorization of the QCD LCDA

%(@2) Cut ¢ to QCD LCDA: avoid end-point singularity
The factorization formula

o(u) = u~d: Jp(uw) ®pi(w), Oqcp = Jp ® O,
ur~1l: Frain(u), Oqcp = J00o + J101,

The jet function J: O(mg), HQET LCDA ¢4: O(Aqep)

End-point singularity: refactorization-based subtraction (RBS)
@ NLP in A — ~7: [Liu and Neubert, 19']

o Off-diagonal parton scattering, NLP in gluon thrust: [Beneke et. al., 20,
22']

o QED correction to Bs — M+Vu: [Cornella, Kénig and Neubert, 22]
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Evolution of the LCDAs: ¢, and ¢

Two-step evolutions: Agcp — mg — @
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Heavy-quark spin symmetry

Heavy-quark symmetry [Grozin and Neubert, 97']: relates LCDAs of P and V
heavy mesons

Factorization formulas

7

bi(w) = %mHJ;eak<mH>¢+<umH>, i=P, |, L

EOM of the quarks, method of region [Deng, Wang, YBW and Zeng, 24|

asCr (L L = 2
(S + 5+ 75 +2) + 0(d)

jpfeak(u’ (/J) =p! + 2 2

Estimate NLP corrections
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W — By: branch ratio

Rare decay W — B_’y [Grossman, Kénig and Neubert, 15']

5.5K
[Grossman, Kénig and Neubert, 15']:
QCD LCDA 50
4.5

Br = (1.99 4 0.17i, 008 ., Tog0 2,) - 10712

Our result: with In Aqcp/mg resum- 30k
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w
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LHC: H — B+ jets, Z — B+ jets
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Lattice QCD

HQET
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LaMET [Ji, 13]: quasi DA — QCD LCDA — HQET LCDA [Han, et al. 247]

Pi(@. 1) Model 11T
1.2 —-+ Model I —:* Model IV
’ Model I~ —** Model V

;%08’ ‘ First  inverse
s i Ap = 0.376(63) GeV
0.4
/
!
0.6 T
0.0 1.5

moment

Y.B. Wei (CCNU) Heavy meson LCDA in bHQET Oct. 25 2025




Future plans

% NLP operators in bHQET [Lu, and YBW, in progress]

s From NLL — NNLL

s Endpoint singularity in RBS scheme
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Summary

% Introduction to the QCD LCDA and HQET LCDAs

s% Match QCD LCDA to the HQET LCDA

e (D Systematic power counting in bHQET

e (2 Cut ¢: avoid endpoint singularity

% W~ — B~ decay: 30% enhancement

Thank you!
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Short distance function
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Tail region:
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