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Heavy Meson LCDAs 3

» The heavy meson LCDA describes the distribution of
momentum of the quark-antiquark pair.

» Crucial for calculating decay processes of mesons,

providing insights into their dynamics.

» An important tool for understanding non-perturbative

aspects of QCD, especially in the strong coupling
regime of heavy quarks.

» It forms the basis for developing HQET, aiding in the
study of heavy quark properties.




Understand the strong interactions of heavy quark decay

B — i  Phys. Rev. Lett. 83, 1914 (1999)
B — 1 K Nucl. Phys. B 606, 245 (2001)
B — 1 D Phys. Rev. D 69, 112002 (2004)

Accurate measurement of SM parameters : Vub Vcs
B — m{v PLB, 633(2006)61
D — K{v ZPC, 29 (1985) 637, 1862 citations

Precise measurement of CP violation parameters . A.p
Acp(Bt — mta0) Acp(BT — D20Fuy)
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Why 1s LCDA important? 5
N

Test of lepton universality with B — K*°¢* ¢~ decays
LHCb Collaboration - R. Aaij (CERN) et al. (May 16, 2017)

- . Lepton Flavor Universality
Published in: JHEP 08 (2017) 055 - e-Print: 1705.05802 [hep-ex]

pdf & links & DOI [= cite H datasets

2 reference search %) 1,344 citations

Angular analysis of the B — K*u* 11~ decay using 3 fb! of
integrated luminosity

LHCb Collaboration - Roel Aaij (CERN) et al. (Dec 14, 2015)

Published in: JHEP 02 (2016) 104 - e-Print: 1512.04442 [hep-ex]

Angular Analysis and Pe

pdf & links & DOI [= cite H datasets

2 reference search %) 985 citations

Measurement of the Differential Branching Fraction and Forward-
Backward Asymmetry for B — K®*) ¢+ ¢~

Belle Collaboration « J.-T. Wei (Taiwan, Natl. Taiwan U.) et al. (Apr, 2009)
Published in: Phys.Rev.Lett. 103 (2009) 171801 - e-Print: 0904.0770 [hep-ex]

Forward-backward Asymmetry

pdf ¢ DOl [ cite

2 reference search 2) 630 citations

Without reliable (precise) knowledge on LCDAS, i1t 1s hard to probe NP




B — m form factor

Hard kernel B-meson LCDA

QCD Factorization: BBNS, PRL 83, 1914 (1999)
For PQCD, See: Keum, L1, Sanda PRD 63,054008 (2001)
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The heavy meson QCD LCDA
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In heavy-quark limit: Lruqer = hy(2)iv - Dhy(x)
The leading-twist heavy-meson LCDA in HQET [Grozin and Neubert, 96]

(H(ps)|OF (tn4)|0) = —ifamuny - v / dwe ™+ . (s ),
0

(H* (o3, )|ON (1) |0) = Furmuns - 7" / A+, (s ),
0

(H*(pr, )| Oy " (¢n1)10) = fampny - vy} / dwe™ ™+ o, (w; ),
0

>

O (tny) = v(0)7 750, tny]gs(tny), b (z) = eq;m@v.xﬂ@<x)
Oll(tny) = hy(0)9h_ [0, tn4]qs(tny),

OUL'UJ(tn-l-) — BU(O)%-FVT_[OJ”-F]QS(I&”-I—)?
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(H(pr)|OF (w)
(H* (o, m) |0 (w)

(H* (pr, )| Oy (w)|0)

hn(x) =

2

7?/_|_'U

TMQU-T 7/L—7/i
e T+Q(33)

The soft-collinear field describes the

light anti-quark in the heavy meson

in the boosted frame.

gsc — ¢_4¢+ QSC($>
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The heavy meson QCD LCDA

u: The light quark momentum fraction

- dt
Oqepl(u) = 5, “ne P Q(0)h, 1[0, tny Jq(tny )
The heavy meson HQET LCDA Ly =9°,1,9%
dt

Oy (w) = zﬂe_itwm'vilv(o)?/hrz‘ 0,tn4]gs(tny)

L / " T (4, 0)(Q(p0)a(pe) |0 (@)0)

(Q(pQ)d(pq)|O4cp (w)|0) = ny+pH Jo
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Heavy meson LCDA

V WQ Wq

FIG. 1. The one-loop diagrams relevant for calculating the jet function.

bi(w) = LT (w,w) ® oy (@), w~ 02D

) peak region
Ji meo
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Heavy quark spin symmetry

SCET QCD
WSCET —

SCET QCD
VSCET _ y

W

WHQET _
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= 0.
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7' 1,) = 0(mas — )3~ ) (14 ST, ) + 0@ ) i= P L
H
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More details, see Yan-Bing Wei’s talk(16th afternoon)

WHQET _ WbHQET and VHQET _ /bHQET
q,? . _ . i 7 _’L i _
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J. Xu, Q. A. Zhang and S. Zhao, PRD 97 (2018) 114026
Y. S. Liu, W. Wang, J. Xu, Q. A. Zhang, S. Zhao and Y. Zhao, PRD, 99(2019) 094036

LaMET matching

The recent work: 2403.17492 [hep-ph], 2410.18654 [hep-lat]
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| A two-step matching method

» Start from Quasi DA, calculable from LQCD

(P%,my, Aqcp) (my, Agcp) (Aqcp)

) LaMET ) i
Quasi DA LCDA in QCD ﬁ LCDA in HQET

Jet function
LCDA in SCET LCDA in bHQET

* A multi-scale processes:

1. LaMET requires Aqcp, my < P# and finally integrate out P#;

2. HQET requires Aqcp < my and integrate out my;  See Yueying Han's talk(15th afternoon)

= Hierarchy Agcp K my <K P“: Abig challenge for lattice simulation but still calculable on the lattice

Agcp~ 200 MeV << my << PZ can achieve 4GeV currently
| | | H >

1 ey Mg e ~1.6mg AR ——2Xullll
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PN

(%, = Qﬁ.“\

&) Summar
y

» The LCDAs at for a heavy pseudoscalar and vector meson within the
framework of HQET become indistinguishable.

» The leading-twist HQET LCDA can be determined through lattice simulations
of quasi-DAs with a large momentum.

» One can make use of three different equal time matrix elements and determine
the same HQET LCDA.

/\T\J%Z%ﬂﬁ B
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Back up

/T(\J%‘i%ﬂﬁ B
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In the rest frame the external state momenta are

Po ~ (mqg,Aqcp,mq), Py ~ (Aqep; Aqep, Aqep).

The hard and soft region is

hard ~ (mQ, meq, mQ), soft ~ (AQCD, AQCD, AQCD)

In the boost frame, the external state momenta are

P ~ hard collinear ~ (Q, mg, my/Q), Py ~ soft collinear ~ (Q, mm, mf / Q).

H® (pgr)) = /mg [|Hy) +O(1/mp)]
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