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Outline

% LCDA of heavy mesons
% Introduction to bHQET
s Factorization of QCD LCDA

s Numeric applications

Y.B. Wei (BJUT) Heavy meson LCDA in bHQET Oct. 28 2024 2/13



B Physics

New physics beyond the SM

@ Direct search: new particles

@ Indirect search' flavour physics
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HQET LCDA of heavy meson

(HolFol0),7°[0, 4 s(#14)[0) = —i Far() m - v / " o . ()

Most important long-distance function in exclusive B decays

@ Non-leptonic decays: B — nw, B— 7K ---

o Semi-leptonic decays: B — D®){y,

/ .
B— Ky - ..
o Radiative decay: B — vlv, B— vy --- <B> %&éj} <\I>
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HQET LCDA of heavy meson

(HolFol0),7°[0, 4 s(#14)[0) = —i Far() m - v / " o . ()

Most important long-distance function in exclusive B decays

@ Non-leptonic decays: B — nw, B— 7K ---

o Semi-leptonic decays: B — D®){y,
B— KWy ..

JJL é,
o Radiative decay: B — vlv, B— vy --- <B> %665 <\I>

% Inverse moments: [Braun, Ivanov and Korchemsky, 03], [Belle, 18], [Han, et al. 24']

% RG evolution properties: [Lange and Neubert, 03'], [Braun, Ji and Manashov. 19']

s asymptotic behavior, generalized LCDA, EOM ...
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Non-perturbative LCDA of hadrons

Light-cone distribution amplitudes (LCDA): non-perturbative physics
o Calculate with LQCD [LPC collaboration, 22]

@ Extract from the experiments: clean process B — vy/v
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Non-perturbative LCDA of hadrons

Light-cone distribution amplitudes (LCDA): non-perturbative physics
o Calculate with LQCD [LPC collaboration, 22]

@ Extract from the experiments: clean process B — vy/v

b \*
Rare decay W — B_"}/ [Grossman, Kénig and Neubert, 15'] / i
1 W= ~rnnn
AW~ — B™v) = / du T(u) ¢(u) i /
’ R
~y

LaMET [, 13]: quasi DA — QCD LCDA — HQET LCDA [Han, et al. 24]

QCD LCDA to HQET LCDA
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LCDA of heavy meson

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

(H(p) | Q(0),7° [0, e ]a(tn+)[0) = —ifians - pi / du P ()

e ¢: InAqcp/mg from mg and Agep b ‘
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LCDA of heavy meson

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

(H(p) | Q(0),7° [0, e ]a(tn+)[0) = —ifians - pi / du P ()

ol

4 gb: In AQCD/mQ from mq and AQCD

¢ &

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

(HolF(O) s, 77 [0, 4] o(804)[0) = —iFia(a) oy - v / "t %, ()

° vy Aqep
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Factorization of the QCD LCDA

@ Momentum space matching of QCD to HQET @ NLO [ishaq, Jia, Xiong

and Yang, 19']
¢(v) = T (u,w) ® o4 (w)
J ©+
| |
| A 1
QCD e bHQET Qe

NLO: [Bell and Feldmann, 08]

@ Coordinate space matching @NLO [Zhao, 197]
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Momentum modes

A given momentum in the light-cone coordinate
M= (nyl 1, nol)

In the rest frame of the heavy meson

e heavy quark (hard): (1,1,1)mg

o light degree of freedom (soft):
(17 17 1)AQCD
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Momentum modes

A given momentum in the light-cone coordinate

M= (nyl 1, nol)
In the rest frame of the heavy meson

e heavy quark (hard): (1,1,1)mg

Reconstruction

O
o light degree of freedom (soft): /'

(1, 1’ 1)AQCD atrest fatjet

For a boosted heavy meson: b ~ %Q
2

e heavy quark (hard-collinear): (3,1, b)mg = (Q, mq, %Q)

o light degree of freedom (soft-collinear): (mQQ, ,?Q)AQCD
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Boosted HQET

The heavy quark field in bHQET [Fleming, Hoang, Mantry and Stewart, 07'], [Dai,

Kim and Leibovich, 21']

h71,($) = \/geimc)v'w%@(x)

The bHQET Lagrangian could be derived from HQET or SCET
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Boosted HQET

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

ho(2) = 4] —— gimave % -

n4+v
The bHQET Lagrangian could be derived from HQET or SCET

Then one find out the LP operators

s _ nyv ip.
Ou= ) 5 Tt (05 25 ) 78

Only operators Oy and O will appear at LP [Beneke, Finauri, Vos and YBW, 23]
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Factorization of the QCD LCDA

The factorization formula

¢(u) — w6 \77)(”7w)®90+(w)7 OQCD :jp®007
u~1l: Jran(uw), Oqcp = JoO0o + 101,

The jet function J: O(mg), HQET LCDA ¢1: O(Aqcep)
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Factorization of the QCD LCDA

The factorization formula

¢(u) — w6 \77)(”7w)®90+(w)7 OQCD :jp®007
u~1l: Jran(uw), Oqcp = JoO0o + 101,

The jet function J: O(mg), HQET LCDA ¢1: O(Aqcep)

Peak region:
i w
: Tp(u, w) =0(mg — w)é(u— m—Q) {1
| _ a,Cp(L? L 72 o
v ] + 2~ (7+2+E+Z)] L=tls
@ Tail region:

Jrail(u) = ascp@((l +u)L—2lnu —u+ 1)
q i wu
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Evolution of the LCDAs: ¢, and ¢

Two-step evolutions: Agcp — mg — @
Aqep mq Q

o(mg) =T @pi(mg)  ERBL ¢(Q)

¢+(Aqecp) LN o (mg)

B meson — mppi(ump; js)

- mpp(ump; )

Pp(mq) = ¢(Q): — (s 1)
evolve of the Gegenbauer mo- = — G(u;mu)
ments ©

an(pn) _ <as(uh))ﬁeﬂb

a’"(ﬂ) 055(/14)

0.0 0.2 0.4 0.6 0.8 1.0
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W — By: branch ratio

The branch ratio

I'(wW— B CemMw
Br(W— By) = T2 BV demiiday (1

*+1FP)

[Grossman, Kénig and Neubert, 15]:
QCD LCDA 50¢

Br = (1.99 4 0.17in 008 1, Toso 2,) - 10712

Our result: with In Agcp/mg resum-

Br(W — By) x 102
w

. 3.0F
mation

2.5F

Br = (2.58 £ 0.21in 1008 1, Tooa ap) - 1072 90

30% increase
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Summary

% Introduction to the QCD and HQET LCDAs
% Match QCD LCDA to the HQET LCDA
o Peak region: Oc(u) = Jp(u,w) ® Op(w)

o Tail region: O¢(u) = J4(u)O4 + J-(w)O_

% W~ — B+ decay: 30% enhancement

Thank you!
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Factorization of the QCD LCDA

@ Momentum space matching of QCD to HQET @ NLO [ishaq, Jia, Xiong
and Yang, 19']

P(w) = J(u,w) ® p+(w)

J P+
l I
1 1

1 PHQET ~ acp

QCD
Tree level

T (u,w) = (5(u—

w+ mQ)
w and mg have different power counting

NLO from [Bell and Feldmann, 08']

@ Coordinate space matching O@NLO ([Zhao, 19]
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Inhomogeneous power counting of ¢

For the matching scale ;. (0 ~ Aqcp/mn)

® /1> mq: ¢(u) is symmetric under u <> 1 — u

° /1 < mg: ¢(u) develops a peak at u ~ O(9)
¢(u) is suppressed at u ~ O(1)

o Normalization condition
571, foru~d (“peak”)
p(u) ~ ,
1, foru~1 (“tail”)

For consistent power counting: separate u ~ O(1) and u~ O(J) region
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W — By (non-perturbative input)

HQET LCDA with radiative tail [Lee and Neubert, 05']

Qg s C 1 7T2 mo as;
Pt (Wi phs) = <1 i % [5 - ED% U w; s) + 0(w — VVeps) o (w5 o)

Two parameter models

o (w3 s) = [1—ﬂ+%%}s@i‘p(%(l—ﬁﬂ)wo;us), for 0<pB<1,
m, oy A48 (w) wo 1
Pt (Wvﬂs)—m(;o) ‘P+p(%myﬂs)7 for *§<5<1,
am .y VT gl g3 w
A i) = s V(85 B0 +28) )

Xspi(p(w’lf:i(;ﬂ;us), for 0§ﬁ<%
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