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f@} Why is LCDA important?
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Understand the strong interactions of heavy quark decay

B — 1 1 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 — o £ v PLB, 633(2006)61, 240+ citations
D — K 2 v ZPC, 29 (1985) 637, 1900+ citations

Precise measurement of CP violation parameters : Agp
Acp(BY — nta0)  Acp(BT — DOUtuy)
ACP(B+ — K—-I_?TU) ACP(B+ — 507'('_'_)
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Why is LCDA important?

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

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

pdf & links @ DOI [= cite datasets

FQ reference search %) 1,344 citations

Angular analysis of the B — K*9" 1~ 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 Py

pdf (2 links ¢ DOl [= cite [ datasets

@ 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 & DOI [= cite

2 reference search %) 630 citations

Without reliable (precise) knowledge on LCDAs, 1t 1s hard to probe NP




f@} Why is LCDA important?
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B — n form factor

Hard kernel B-meson LCDA

QCD Factorization: BBNS, PRL 83, 1914 (1999)
For PQCD, See: Keum, Li, Sanda PRD 63,054008 (2001)
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m The heavy meson LCDAs: QCD LCDA

The heavy meson QCD LCDA

p Y q(x) = Eo(x) + ne(x),
O& (u) :/% _zutn+'pg(c~Q)(0)7/i+’Y5 0, tny] Ec(tny) nge_m"*p(?(o)%% [0,tn4 ] q(tny),

dt

Qz) = £V (2) + i (=),
Obtu) = [ e =g 00, 0.tns) o ltmns) = [ 56 P QUO), (0,10 gt ),

08 (4) = [ e "€ O A tns)olin) = [ e P QO A Otnelaltn | ey Bty
| @y _ PPy
(H (pr) |OEW)|0) = — ifpp(u), o= ek
Xk mH >k
(H* (pr, ) |OL (u)|0) = £ ny -0 By (u), ro(e) = =),
n+ . pH 4

. @y _ Pt
(H* (pr,m) [O5" (w)[0) = f1()n 6.1 (w). i) = S0




f@,; The heavy meson LCDAs: HQET LCDA

In heavy-quark limit: LuQeT = ho(2)iv - Dhy ()
The leading-twist heavy-meson LCDA in HQET [Grozin and Neubert, 96]
(H(pn)|OF tn)10) = —ifsrmim. o [ dwe ™+, (wip),

O

(H (o IOt )10) = Ty " [ duse®*n v i),
0

(H* (pr, m)| Oy (tn4)|0) = fampny "0771”/ dwet ™y (w; ),
0

>

O’f (tn—i-) — ’U(O)%_{-%’) [07 tn—l—]QS (tn-i-)o hy(x) = e’imQU‘miZ?éQ(x)
Oflvl (thy) = hy (0)7t, [0, tny]gs (tng.),
O;L“’(tn_k) = hy (O)V‘_g_'ﬁ_ [0, tny Jgs(tny),
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{ii3] The heavy meson LCDAs: bHQET LCDA

(H(pm)|OF @)|0) = ~ifuwps(w;p),
(H (o, m)|O)(@)I0) = - =1 (wi )

(H*(prr,m)| 0" (w)]0) = frun'Foi(w;p).

d
Of (@) = —o [ et [ O 5[0t Eucltns)

OL'(W) — L/gfr —itwny v /n+2 vy (0 )7/£+[0 )€ we(tns),
ObL“(w) — L/gfr —itwny v /n+2 v— (0 )7/£+’M[O . )ac(tng),

2

’I’L_|_"U

ho(x) =

€

1MmQU-T %—7/&
TJFQ(:B)

The soft-collinear field describes the
light anti-quark in the heavy meson
in the boosted frame.

Eoo = 2l 0,0 ()




78] The heavy meson LCDAs -

The heavy meson QCD LCDA

/ u: The light quark momentum fraction

) dt —utng - )
Oqep (v) = 9. € P Q(0)7h, I3[0, tny q(tny )
The heavy meson HQET LCDA Iy =v°1,74
O, (w) = 9. € by (0)h, 1[0, tny gs (tny )

1
N4{PH

(Q(pQ)(pq)| Olyon (w)]0) = / " T (4, 0)(Q(0)a(pg) |0k (w)[0)




28] The heavy meson LCDAs

Pi(u) =

V WQ Wq

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

T i) @ pe(w),  u~oiee

) peak region
fi mQ




_ - a (po—d+me) . i
WAy ) / Diq —ig,, 0 5iku(pQ)(ZgTij’Y”)m—?;V——nﬁ;ie(zgnJrTfk)m I'iv(pg) WOSPA () — g2 / qud 2n 'Z(PQ —@)o(s — ) .
e (2m)? ¢* +ie u(pQ)L'iv(pg) ’ 2m)? [(pg — @)? — m@) + €] [ny - g + ie] [¢? + ic]
ni-q dg 2ny -po(0(u—s— L) —§(u—s
(Olu—s = )~ 0w =9)) W8y — —igicy [ Loa 2 pellu e Tity) Sw)
. ) (2m)® [ —2pq - q +i€] [ng - g+ i€] [¢? + i€]
L, Diq 2np - (pg — @) (0(u — s — 75E) — 0(u — 5))
= _ZQSCF/ y R —— —, q Q
(2m) [(pQ —q)* —mj + ze] [n+ -q+ ze} [qQ + ze]
Wo
R = i . a "pm . vrb d (—
WP (u,5) = f Dlq —ig,,8° 9w TPQ) iy (“ T )i G —gyrrie (977 Tj) () QODR(y 5y — _§(u — 5)ig2Cr / G R ) —
q,i ’ (27T)d q2 ¥+ e ﬁ(pQ)sz(pq) (271') [q + ’LE] [n+ -q+ ZE] [q + ZG]
ny - q dg 2ny - (pg —q)(6(s —u— L) —§(s —u
(6(s —u— T +. ) —d(s —u)) W(?iCD’S(u, s) = ig’Crp D qd + (b 3( ( s pfl) ( ; ) +O(N).
+ " PH ' (2) [(pg — 9)% + i€] [ng - g+ i€] [q2 + i€]
_ igZCF/ Dig 2n4 - (pg — q)(8(s —u— ;400) — 8(s —u)) |
’ (@m)® (g — ) +ie] [ng - g +i€] [¢° + ie] q Q
W,
( Dig 0(u—s— 1) [(d —2)q3 + 29t pg + 2p+pc_2- q Q
ig2 F/ ¢ R e for Ti=1h, s, ViSO (u,8) = 0 1%
2m)d [(pg —q)? — mg + i€] [(pg + q)% + i€| |¢* + i¢]

VQCD

(u,s) = . 5(u— s g [2 . N _]
i o - - e )
iQZCF / .qu 6(’(1/ —g— 49 ) [(d - 4)q2L + 2q+pQ + QP,}LPQI VQCD’S(U, S) _ Zgch / D q ( nypH ) q pQ Dy pQ

‘ @m)? (e - q):ip’zzcz FidlGarar tid[@+ig o TR (2m)% [~ 2pq - q + €] [(pg + @)% + i€] [? + ie]




Heavy quark spin symmetry

_ . il'; b
WHQET (|, oy _ / Diq —ig,, 6% 0irli(pq) (igT; apr) L  — Tt g Th) sz v(Pa)
Qi W 2r)d g% + ie u(pQ)Tiv(pq) QCD HQET
ny - (pg +q) N+ - Pq
Sw— L - j(w — 1Y)
( ny-v n+( v+q) ) i p+mg _; mQ¢—|—mQ—f—k i 1+315
N+ -(Pq N4-Pq —_— .
g (0(w— =520 — §(w — b)) 2 _m2 4+is 2mov -k + k% +ie 2v-k+ic
= —ig?Cpny v p (@)
[ (I q+ze] [n+ q—i—ze] [q +ze]
I+y 1+ 1 +9¢
1 1 = —L > p#
R R A T
dg —ig. 50 Oikii(pQ) i (—igTEn )Ty 2B (100r T Yo (p,)
WHRET () — D% —igu, 0" YikU\PQ)w i i/ " (pg—q)®+ie ik)\Pq . . . _
i T (2m)? ¢* + e u(pe)Tiv(pq) The soft region contribution of QCD is diagram by
(8(w — e g =4y 5, o Py diagram the same as the HQET results.
ny - v ny v
e [ D 2 (= @) (0 — PR - (- ) WP (u, —) = muWHLT (ump, w)
= ng Ff(QW)d [(pq—q)2+i€] [n+-q—|—i6}[q2+26} . ) mg
ir, P n-(pq
yHaET ) o [ Dl Zigu,d dulipe) (g The" )5 i e (97 TH)U () — 2520 WP (u, ) = mpWHRET (4 w)
i O ] ey g e u(pq)Tiv(pg) ’ mp
L Dig 1 1 1 ﬂ(PQ)Fi(}ﬁq + ¢)pv(pg)d(w — %q:q))
= —i9:Cr (27)4 % + ie —v - q + i€ (pg + q)2 + i€ u(pg)Tiv(py) w HOET
o Dig 0w = Y 2 g 4 2ptg VP m—) =mp V" (ump, w)
= i9,Cr (2m)d [— 2po - q + ie] [(pq +q)% + ie] [q2 + ie] ' H




{151 §] Heavy quark spin symmetry

Dy ¥

Ty w) = Ot — w)d(u — =) (1 £ 9O 70) () om@) =P |, L

my A ©peak
(1) _lye s 1w ™ 5 Independent of hadron spin!
jpeak(mH)—Qnm—QH—Finm—QH—Fﬁ—F- P pint
dPl n - (pg — 1)d(u — s)
(2m)P (12 — 21 - pg + i€) (12 + i€)(ny - I + ie)

WG =W = 2igicy [

SCET __ 117QCD __
W%hC = Wq’h =0

VSCET _ VhQCD —0

HQET  1,bHQET
4 = Wq.i

0. WHQET _ p/bHQET o 4 1/HQET _ {/bHQET
- X3 q,1 ? i 1 1 )

» T,
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f@; Quasi DAs to QCD LCDAs

\ 45»; —){)‘Y-

N d . P . _
Oi (ZU) — / Zfr;,;- e—’L:Can-PQ(O)Fi [O’ an]q(znz) T; = y*/tys, 4/t v*/ty" for i = P, |, L

(H (pr) |0p(2)[0) = —ifpP"*dp(x),
<H* (pHa 77) ’@H(CU) O> — f||mH*77*’Z/t(£||(x)7 Quasi DAs

A

(H* (pr,n) |0 (2)[0) = [LP*'n}"d. ().
3 () — . Do — oD Agep  mi
i(2) /dy[(5( y)+ G (\;yw) C:;;T>¢z(y,u)+0((ypz)za (Pz)z)

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 LPC recent work: Phys.Rev.D 111 (2025) 11, L111503, Phys.Rev.D 111 (2025) 3, 034503
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f@} A two-step matching method
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» Start from Quasi DA, calculable from LQCD

(P?, my, Aacp) (my, Aacp) (Aqcp)

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

Jet function
LCDA in SCET LCDA in bHQET

* A multi-scale processes:

1. LaMET requires Aqcp, my K P? and finally integrate out P?;
2. HQET requires Aqcp <K my and integrate out my;

= Hierarchy Aqcp K my < P?: A big challenge for lattice simulation but still calculable on the lattice

Aqcp~ 200 MeV << my << PZ can achieve 4GeV currently

»

| | | { { "
1 GeV mq e ~1.6mq




f] Brief summary -

» 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.




Heavy baryon LCDAS e

Observation of CP symmetry breaking in heavy baryon decays
Nature 643 (2025) 8074, 1223-1228

Decay topology Mass region (GeV/c?) A cp

AL > R(pKR(Tm") My~ <2.2 (5.3+1.3+0.2)%
m_+ -<1.1

A2 > R(pr )R(K 1) My <1.7 (2.7+£0.8+0.1)%

0.8<m_+-<1.0

or1.1 <mn+K—<1.6

A2 > R(pmm K™ Myt <2.7 (5.4+0.9+0.1)%

AL > R(KTmn)p m -+ -<2.0 (2.0£1.2+0.3)%

» Heavy baryon decays have attracted increasing interest owing to the search for CP violation
» Precision calculations are therefore necessary

» LCDA is a crucial input parameter for inclusive/exclusive processes in high-energy




f@} Heavy baryon LCDAS

QCD factorization (QCDF) ™
soft-collinear effective theory (SCET)
perturbative QCD (PQCD)

* light-cone sum rules (LCSR) / &n
Ay - p~ ‘J_r‘ |
For example, PQCD calculation for: A, — p b W7
A= @Ab(miﬂbiap’) ®H($%,bz,$;,b2,ﬂ) ®\IJP($;ab;:P‘) B u L P
A, LCDA Hard kernel  Proton LCDA d Z

see Jun Hua’s talk

Precise determination of the /A, LCDAsS is crucial for reliable theoretical predictions |




@B Heavy baryon LCDAS: Lattice calculation for A LCDA i

Light-cone definition in the heavy quark limit:

@HQET(wlaWZ)fAQuAQ p) = (0[O (w1, w2)|Aq(p))

On (w1, ws) = /dt1/dt2 iw10 Tt Liwav T ts

4 ngszz (tln)uiz (tln)PWN (tgn)djf (tzn)Wkkr (O)hvjk!(O)

Light-like DA @

(LCDA)

Space-like DA

Matching (Quasi-DA)

Realize the lattice

cannot be calculated / '
calculation

in lattice QCD

LaMET
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@ Heavy baryon LCDASs: Two-step matching scheme
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» However, lattice QCD cannot handle the effective heavy quark field h,
» To obtain the Ap, LCDA in HQET, a two-step matching scheme is proposed

 X.Y.Han,J. Hua, X. Ji, C. D. Lu, W. Wang, J. Xu, Q. A. Zhang and S. Zhao,

One uses the heavy quark field in Phys. Rev. D 111, no.11, L111503 (2025)
QCD for Lattice calculation * X.Y.Han et al. [Lattice Parton], Phys. Rev. D 111, no.3, 034503 (2025)
HQET
_->~ QuasiDA  ~~._
a"’,’—"’v -‘.""-,\-‘""'J\
AP (v, Aqcp) Ty b
“ HQET
QuaSi DA LCDA

(PZ, my, AQCD) % / (AQCD)
LaMET QCD bHQET

LCDA Matching to the boosted HQET
(M, Agcp) For heavy meson:
The same as the case of light baryon LCDA M. Beneke, G. Finauri, K. K. Vos and

Y. Wei. JHEP 09, 066 (2023)
Z.F.Deng, C. Han, W. Wang* , J. Zeng"

and J. L. Zhang, JHEP 07, 191 (2023) QCD LCDA in the boosted frame




f@;} Heavy baryon LCDASs: Leading twist Ay, LCDA in QCD

s

In the boosted frame, the Leading twist QCD LCDA 1s described by massive SCET

LscrT = 5_(:::) [Qiﬁ - D+ (ZEJ_ — mQ)znl D

(i1 +mg)| Re(a)
Definition of QCD LCDA :

®qep (21, T2) fagua, (P)

fdtl /dtQ iz1p Tt +izopTta

X €5k (0| Wig (t1n)uys (t1n)TWz0 (t2n)dy (t2n) Wi (0)Qr (0)|Ag (p))
Decay constant:  faquae (P) = €:x(0u; (0)T'd;(0)Qx(0)|Ag(p))

Baryon momentum: p# = mpv = ptat + (m2,/2pT)nt  pT ~ Q> mpy




In the boosted frame, the Leading twist HQET LCDA is described by bHQET

The Lagrangian of bHQET can be derived from that of massive SCET by the
redefinition of the collinear field

&(z) = ,/“—\/g’e—m@”h ()

Lscpr mmm) Louqer = hn(iv - D)%hn + 0O (M) A =Aqcp/mq

Heavy quark momentum: PQ = MQu+k
vt ~ (1/b,1,b) k¥ ~ (1/b,1,b)Aqcp  boost parameter: b =mpg/Q K 1

PpuQET (W1, W2 fAQ UAg (p)

Definition of _(’U /dtl / dt2 zwlv+t1+zwzfu+t2

bHQET LCDA :
X €4k (0| Wi (t1n)ug; (81n) TWjijo (tan)dj (t2n) Wik (0) Bn 1 (0)| A (p)).-




fﬁ} Heavy baryon LCDAS: Factorization
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{ Peak region #1.2 ~ A Small momentum fraction

Tail regio Z1 +Z2 ~ 1 Large momentum fraction

Factorization formula;:

Tpeak (L1, T2, w1, w2) ® PpuqeT(Wi,w2)fAg, 1,2 ~ An,

®qop (71, 22) fag =
¢ jcail(xlaw2); r1+x9o~1

» QCD LCDA does not match the form of the bHQET LCDA in the tail region

> Main task is to matching for the jet function in the peak regiorJpeak




@B Heavy baryon LCDAS: One-loop calculation

One-loop correction to
the jet function

QCD amplitudes: M
bHQET amplitudes: N1

Tpeak(T1, T2; w1,w2)

T (z1, 205 w1, wz) =M

Og CF

w2 4
myg A7

?

e

A

N\
\ £
M\

=
d

\

TV (21, 9; w1, wz)]
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@B Heavy baryon LCDAS: One-loop calculation

Dy ¥

1
MW (1, 295210, 220) = [W§ + W + V§] (1, 22; 21,0, T2,0) + 538)5@1 —1,0)d(Z2 — 20)
+ ZéQET(xl, T2; 1,0, 22,0),
1
N (wy,wa;v1,v9) = [Wé + Wél + VCS] (w1, wo; V1, 10) + §Z£1)5(w1 —v1)d(w2 — 12)

+ Zk()]I-—%QET(wla w2, V1, VZ):

9 2

Field renormalization 2y’ =~ - 31”5_52 —4, z;) =o.
Wc,h — c,h Wc,h Wc,h, ~ ]
Q 0 T Woa T Wau Actually, not all the diagrams
h h Jh . .
W' =Woy + Wy, > contribute to the matching kernel

Vg" = Vol + Ve




@j} Heavy baryon LCDAs: Expansion by regions

The integration of loop momentum can be separated into integrations in the hard-
collinear region and the soft-collinear region

Dy ghe ~ (1,5,6%)Q hard-collinear
f (27)4 {

Separate the QCD amplitudes:

gsc ~ (1,0, bQ)Q)\h soft-collinear
Wa = Wone T Wose

VS = Ve + Ve
Q Q,hC Q,SC a’;Z —_ a’;ZO ~ Ah

All diagrams containing a gluon linking the light-quark & ot
and heavy-quark sectors yield vanishing hard-collinear / he
amplitudes

CF @ 2/ D N B gt 1
1 1 o
I _
. q> +ie (pg — q)? — mé T ,,;E’U’ (K1) d(kz)(PQ qd + mqQ)it Q(pg)

- Wg)u,hc = WCch,hc = VCSu,hc = V(gd,hc =0




f@} Heavy baryon LCDAs: Expansion by regions

: : a;C Cr
The soft-collinear partis W e =—(n v)ig28(z1 — 1)
X D L5 (2y—2 + 7 ! ! !
(27)4 2 %0 pt ) q-nt+icqg?+icv-q+ic

which 1s exactly eauivalent to the corresponding bHOET amnvlitude:

; i h .
-WéaSC(ml’ £2; Wi, CUQ) - mHWQ,Sc(xlmﬂa r2Mmpg;wi, wZ)a

c . 2 y7h .
VQ,sc(ajla To; w1, ws) = mHVQ,sc (T1mpy, Tompy; wi,ws).

1) :IW L 5 | 2206 (@1 — L) 6 (- 22
T (21, B2; w1, wo) QQhC(ml’mz’mH mH)+2 Q 7 My 2 my

/ / é + Z( ),peak ($1,$2; w1 w2 ) B m%{Zt()l)

SCET ——— HQET (L1MH, TamH; w1, w?)

o Only one heavy quark virtual diagram contributes to the matching
u d

Woq The UV part of other diagrams are also necessary
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fﬁl Heavy baryon LCDAs: Expansion by regions

We = §(z1 — x10)0(xz2 — 20) ! ln”2—|—2—|— ~In? 2—|—21nu2—|—7T2—|—4
QQhc — T T ELO/TAE2 52,0 62 € mQ e 2 mQ mé 12

Renormalization factor (UV part) in the peak regicx; ~ x; 9 ~ A\ K 1

1),peak
ZE(EC%EI))’;a (z1,22;21,0,%2,0)
1 1
[Wdlﬁ{a}k + Wc’pea”k + VQ’peak] (%1, Z2;%1,0,2Z2,0) — 0 (T1 — 21,0) § (T2 — Z20) §ZUVE

1 2 [0(xy — z20 zo 0(x20 — T2) |
= — 81— 10) ( 0 | (22, )
€ | xT2— 20 2,0 20 = T2 |00
1 2 [0(x1 — x 0 — 1) ]
55(932 — L) (@) 1’0) + = (56‘1,0 2
€ N L1 — xlao xlao xlao — 21 - 371,0‘!‘

ok

2 1
—(5(391 — I 0)5($2 — 562,0)— (4 + ZZQ + ln5171,0 + 111372,0)

Do

1—-A

2
— (5(3!:1 — 3!:1,0)(5(332 — 322,0)— f d)\—
€ Jo A




fﬁi Heavy baryon LCDAs: Expansion by regions

1
T (1, 225 w1, w2) =W he (331,272; - = ) + 528)5 (581 — &) 4 (562 — ﬂ)

mg Mg mpyg my
(1),peak w1 w2 2 (1) .
+ Zgcrr | %1, Z2; mn’ ma ) My ZyaqeT (T1MH, T2MH; W1, W)

The Renormalization factor of bHQET amplitude:
Z}EEQET(wlac‘JZ;Vl) VZ)

1 1
[WQ’peak + T/Vh’pea“k + VQ’peak] (w1, wo;v1,19) — 0 (w1 — 1) 6 (W — o) QZ}{ V;

2 9((,02 = VQ) I w29(1/2 = (,UQ)-

1
=— —0(w1 —11)-
2 ( 1 l)e | w2 — 2 Vz(f/z—wz) o+
1 2 [0(wy — v w10(vy —wq)]
L g — )2 (w1 1)+ 10(v1 — w1)
2 €| wi—u 1/1(1/1—w1)_,,1+
1 2 4 1 ©? u?
~6 (w1 —v1) 6 (wo — —— = —ZFV —1— 1
+2 (Wi = 21) 0 (w2 = v3) LZ € b e en 1+EHV2




f@i Heavy baryon LCDAs: The jet function in the peak region e

jpea,k(mlam?; UJ1,C&J2)

w1 w2 2
=0(myg—wi —w)d|lx1—— 0|22 — — | J, my),
(mp — w1 —wo) ( 1 mH) ( 2 mH) peak (MQ)
2 2
2 asCr 2 4 M ™
= l l — 4+ 2
Tpear(mo) =1+ =0 15 mg) T3 m3 U

This result is the same as that of B meson

The locality of J ¢4k With respect to the momentum fractions to all orders in perturbation theory

Oc(x1,22) = Tpeak (@1, T2, w1, w2) @ Op(w1,w2), T12 ~ Ap.

dtl dt2 m:lp+t1+m:2p+t2
peak mQ

X Gmka (tln)uif (tln)I‘WJJ (tzn)djr (tz’n)Wkkr (O)hn,kf(O).

Jpeak serves as a matching coefficient that

connects the SCET collinear quark field to the
bHQET field.

Wik Qi — Jpeak (M) Wik P i




fa
Pqcep(z1,22) = /dwldw2—Q\7pea,k(mlax2;wlaw2)q)bHQET(Wlaw2)-

fao
Matching the matrix elements of local Diagrams for matching the local operators:
operators while replacing the external % 2
baryon state with free quark states: ﬁs\\
;g {0 (0)T'd;(0)Qx(0)[u(0)d(0)Q(pq)),

{Eijk(O|uzT(O)Fdj(O)hn,k(o)|u(0)d(O)Q(pQ)>' '

. | 2
Iaq _ ), aCF 2n-t 43
fAo 4




f@;} Heavy baryon LCDAS: Tail region

\ Dy ¥

The tail region of the QCD LCDA and be can be calculated perturbatively

Tail region: T1+I2 ~ 1 1,0, 2,0 "~ Ah
(0]O0c(z1, T2)|ul(k1)d(k2)Q(PQ))
=S(O) [(5(.’131 — 361,())5(332 — .712,0) +

CMSCF

T MO (z1, z9; 1,0, T2,0)

=0 since T; — Zio ~~ 1

- C
L (z1,22) =  lim il iy Y0 T1,T2;%1,0,%2,0)-
QCD 05 T2,

x1,0,22,0 — 0 41

6(x1 — x10)0(Z10 — T2)0(x2 — z20)
At one-loop level: M () o { or -0
6(582 — 562,0)9(51_22,0 — 581)9(.’171 — 931,0).
The complete asymptotic behavior in tail region can only be determined by
including two-loop contributions.




f@;} Heavy baryon LCDAS: Tail region

Boundary regions:  z; ~ 1, 23 ~ A or 23 ~ 1, 1 ~ Ay

Amplitudes with a single delta function survive in the boundary region

asCr Ty

(I)tail

QCD(Z1 ~ A, T2) [2(562 + 2)In —xp+2

AT x9 Tom
Q

The radiative tail of the Ap, HQET LCDA

T. Feldmann and D. Vladimirov
as . ascF ]. l,l; ]. J
7 w) =g F L (2 +1) +0 (E) JHEP 07, 108 (2025)

Consistent: mygd*Y (xompy) o @88[)(;61 ~ Ap, Z2), x2 K1




¥] Summary -

1.We established a factorization framework connecting the heavy meson (and heavy baryon)

QCD LCDA and bHQET LCDA, enabling non-perturbative extraction from lattice QCD.

2.We computed one-loop corrections and derived a universal jet function with logarithmic

structure in heavy baryon which identical to that of heavy meson.

3.Full asymptotic behavior of the Ay, QCD LCDA in the tail region requires two-loop

calculations, while boundary behavior agrees with existing results.

4. This work provides a foundation for lattice QCD determination of hevay-hadron LCDA

and precision phenomenology of hevay-hadron weak decays.
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