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Motivation
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Motivation

Coupling constant g, .., where H = (B(s), D(s)), V = (p, K*,w, ¢)

It enable us to obtain the fundamental parameter of the effective Lagrangian of
heavy meson chiral perturbative theory ( ).

_ V2 1
Ly = iXTr[Hp oMY Fruv(p)pa Hal , A = x ;gH*Hp'
v

It relates the pole residue of the H — V transition form factors V, Ag and T; ,

which are key to extracting the CKM and the LFU parameters. [x.Q.Li, et
al.2011.0269]

2my . q* 2
8HiHyV = o 211m2 [(1 - — )Ag(q ):| s
VIH g —>m,_,1 mHl

Phenomenologically, it describes the strength of the
, which significantly influence the strong phases and CP violation.

Currently, the overall accuracy in coupling constant needs improvement.

By including NLO corrections and higher-twist/power contributions, we

accurately determined these coupling constants via LCSRs
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LCSRs for the H(’*s) H(s) V couplings
@®00000000 : g

@® LCSRs for the His H(s)V couplings
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LCSRs for the H H(S) V couplings
0Oe0000000

CSRs for the H*)H(S)V couplings

This work is an extension and generalization based on [Chao Wang and Hua-Dong Li,2001.05112]
® Def. with the eff. Lagrangian[Casalbuoni,et al. 9605342][Cheng et al.,0409317][Yanet al.,92]
xa_*xB p o
5

(V(p, n")H* (P + a4, )| Lefr |H(Q)) = —8* Hy€appon” " pPq

® Vacuum-V correlation function [V-meson LCDAs]

Fulp )= [ dxe T+ (o0 ") T {10 (), 5(0)}0) =purpa ™ 747 F((p + )7, 42),

where, j, = d1 v, Q and j5 = (mqQ + mg, ) Qi Vs g2,
® Double dispersion relation

8H* HV '"H"'H* // peont (51, 52) dsy dsy

F 2 2y =—
((p+a)%a7) [ —(p+q)2] [s1— (o + 0)2] (s2—a2)

The relevant matrix elements used to define the heavy meson decay constants
. 2 .
(Oljs| H(p)) = fumig,  (H*(p+ g, €) |jn] 0) = fiys myxep.

peont (51, S2) captures the combined spectral density of excited and continuum states
3 denotes the duality region occupied by these states in the (s1, s2)-plane
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LCSRs for the H(’*s) H(syV couplings
[e]e] lelelele]ele) :

LCSRs for the (*S)H(S)V couplings

® light-cone OPE expressed as a double dispersion relation

p+a
(OPB) (4.
FOPB (o4 0)2,¢2) = [ dsy oy L t0) = °
(s1 = (P+q)?)(s2 — ¢?) Qg
where the involved dual spectral density p(OPE) (s1,s2) refers to a2

1
OPE OPE
ol )(s1,52) = 7'"151““52’:( )(s1,52)
™
® performing the double Borel transformation with respect to the variables
(p+q)? — M? and g% — M3
= 2 2
o 1 my. — S1 my, — s2 OPE
Tt 8HxHy = ——5—— //dsldss exp H72+H72 ol ) (s1,52) -
mimyx M7 M35
Boundary S dual to ground state, arises from subtracting continuum contributions with the parton-hadron

duality ansatz
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LCSRs for the H H(S) V couplings
[e]e]e] lelelelele)

Double spectral density at LO

® Sum contributions from individual twists up to twist-5

LO LO LO (LO Lo Lo
FO) — F( )2+F( )3+F2ptw)4+ Z(ptvt/)o+F3(p,tM24

® Compact form through the power expansion

1+ m,
o) _ 11 Ma ZZ{/ dusy’ C(r, 2wy AL (w)

i=0j=1
1 —a; ) .
+/ dv/ don [\ dag sy ez ) A (v |
0 0 0 ’

S A 2 2
where §y = my /mq, @ = (a1, a3), Mg, = qu/mQ

1
C(ri,ro,u) = —m —————
(r1s vz, ) Br1+ur2717

and ry = (p+q)2/my, r2 = ¢°/m
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LCSRs for the H(’*s) H(syV couplings
[e]e]e]e] Telelele) :

Double spectral density at LO

® The part involving soft functions is denoted by V-meson LCDAs

AT, (W) = i by (W), AL, () = —% W),

Aérl;?z)z(U) S [4uD</)2L:V(u) + q)_/tv(u)] , Agl;?z)g(“) — _% Gﬁiv(u) :

A5 = =y @), ALY ) = 31 vy ),

AL W) = Luaf2unody ) + oty @], AL W) =~ wtod, W),

A_(e];f)z)z(v,g) = {2?[4&9)(3) = q»i(vw(g)] — Uiy (@) — (v —9)T5 ()
- E D D @) - 80 @ + 50 @) - 8 @1

2v — 7)(ra — 1) -

ASO) (v, ) = 357 (@) - 3P0 + 3. (@) - 3P ()] -

[e%

® the LO double spectral density

1
LO LO 2 2
P (51,52):;Im51 Im52F< )((P+Q) ,q°).
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LCSRs for the H(’*s) H(syV couplings
[ee]e]ele] lelele) :

Double spectral density at LO

® The derivation of the double spectral density in the two-particle case

1 1 b2p(u)
5 s = —1I I d =
Pj,2p(51 s2) 72 Tisy Hilsy /() “ [tsy + usy — m% + i 0}
i (¢2p)
1 i (=it g, 29k 5 e _
= == -1 T+ 1) (s1 — mg) (51— s2)
@) (dmo) T (

® For the three-particle scenario

{pj,3p(s1:52), Pj,3p(s1,52)}

1 1 P ,3) o
== Imsl Ims2 / dv /Da 74 SP(E) SP(E)/a}j
7r 0 [&51+a52—m%+i0]

1 1 {Fap(a, ), Bapla, )}
= T T a1 o Imsl Im52 da - 5 .
IN0)] (dm%)J_l w2 0 asl+a52—m%+10
. P £
1 il (= gy P e 7Y

_ , 2k sk e
T T0) @mpyt 4 Thtn Lo me i)
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LCSRs for the H H(S) V couplings
[e]e]elele]e] lele)

Double spectral density at NLO

® To achieve NLO precision, we express the invariant amplitude

asCp

FOPE ((p+ 9)2,6%) = FEO (o + )2, ¢) + =L FNLO) (b + ¢)2, ¢7),

AN D

(a) (b) (c) (d)

® factorization formula for twist-2 contributions at NLO
1
FONEO) ((p+ 9)%, 6%) = (1 + fgy) 1y “‘/o duC(r1,ra,u) - TN (ry, 2y )+ 635y (0, 1),
® the NLO double spectral density:

NLO
(

1 NLO 2 2
PO (51, 52) = — Tmgy Tme, FNEO) ((p + 9)%, ¢%).
™
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LCSRs for the H(’*s) H(syV couplings
000000080 :

Double spectral density at NLO

® Combining all one-loop contrib., the hard amplitude reads [H.D. Li.et al.,2002.03825]
T (11, 2, 1)

asC 1—r 1—r 1—r 1—r 3 2
= S5 (—2)[ L == 2 = ]1n“—
47 r3 —r 1—n r3 —rg 1—ry 1—rs m2

Q
1-— 1-— 1-— 1—
+2 [(7“4— i) Lig (r3) — Z Lig (r1) — Z Lia (fz)}
r3—n r3

r3—n 3 —r

—r
1-— 1-— L= 1 —
+2|:<7r1+7r2>1n2(1—r3)—7r11n2(1—r1)—7r21n2(1—r2)j|
rg —n rg —ra r3—n r3 —ra
1—r3 /1 —r3 —2r 2(1—r3+re 1 — 6r3 1—9r3
+[ ( 1 _ 2 )>+ . +1:|1n(17r3)+7
r3 rg—r rg —ra rs r3 (1 —r3)
1-— 1-3 2(1—
_Mlnu_qHMmu_@_g},
ry (r3 —r1) ra (r3 —r2)

® Double spectral density

asC
PO (51 52) = 0 (51, 39) + ZE N 0y, )
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LCSRs for the H(:*S) H(syV couplings

0O0000000e

rk-hadron duality and sum rules

® parameterization of the boundaries [Khodjamirian,Meli¢,Wang, Wei, 2011.11275]
s e s e% |

(71> +<j) <1, 517522"1%-

Sk Sk

probe the three duality regions, generated at

a=1, s« = 250, (triangle);
1
a= 5e s« = 4sp , (concave);
a=2, s« =250, (convex); " .

® Assuming equal Borel parameters M2 = M22 = 2M? allows us to rewrite the sum rule

2 2
(mH T ) [FE (2, ) + 2 F FNLOY (112, o)) .
4

8H*HV = —
mﬁmH* 2M2

® define the integral over the triangular region
s1 + s2

F(M2,50) E/OO dsy /loo dsy (259 — s1 — s2) exp (77
— oo oo 2M?2

) p(s1,52) -
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LCSRs for the H 4y H(4yV couplings
000000000

© LCSRs for the H(s)Hs)V couplings
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LCSRs for the HsyH(s)V couplings
0e0000000

LCSRs for the H H )V couplings

This is a brand new piece of work

® Def. with the eff. Lagrangian[Casalbuoni,et al.,9605342][Cheng et al.,0409317][Yanet al.,92]
(V(p,e")H2(p + @) | Lot |H1 (@) = gHy Hpv (- €7),
® Vacuum-V correlation function[V-meson LCDAs]
(e + )%, 0%) = i [ d*xe™*(V(p, )| L (), 15(0) } o),
where, j5 = (mq + mgy)Qivs q

® Double dispersion relation

(9 €™)gHy Hyv mH ’"H2 // Peont (51 , 52) ds1dsp
[s1

I 2, 2y
(prand) [mf, —a?l[mf, — (P + a)?] —a?] [s2 — (p+a)?]

=(q-)F((p+ 0% d%)
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LCSRs for the H 4y H(4yV couplings
00e000000

LCSRs for the H H )V couplings

® light-cone OPE expressed as a double dispersion relation

p+a
OPE
OPE 2 2 P (s1,52)
i ((P+q),q):(q-6*)//d51d52 5 5 R
(s1 = (P+a@)?)(s2 — a?) Qyhk
where the involved dual spectral density p(OPE) (s1, s2) refers to ¢

1
OPE _ OPE
p( )(sl,sz) = - ImsllmSQF( )(51,52),
™

® performing the double Borel transformation with respect to the variables g2 — I\/If and
(p+q)? = M3

2 2

1 +oo 250 —so my —s1 mp — s2

8HIHV = —5 5 / dsy / dsy exp 7;/,2 + 77”2 PO (51, 52) -
My MHy Y=o = 1 2

confined to the triangular duality region with @ = 1 and s, = 2sg, wherein sp < 259 — 571

Ping Jin School of Physics

Precision Heavy-Li Meson Couplings via LCS



LCSRs for the H 4y H(4yV couplings
[e]e]e] lelelele]e)

Hard-collinear factorization for the correlation function at LP

® factorization form:
s ((p + @)% ) = a* (W + 74V ® (o))
® matrix element of the vector light-cone operator

(0} = (V(p, )& ()79(0)[0) , O} = &' ()7,9(0) & mux(x) 2 x(0),
0¥ = n, [ dunduws 54100 7(@) = muOv , Ty (@) = Ko wy Sz
® Therefore, rewrite the factorization form
IOEE (o + 020 = (- ) [ du (T + 70) (@)

where
(0v) = (Vo) [ dwrdun 210 7y @)0) (74 (@) = TS myAlod ),
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LCSRs for the H(s)Hrs) V couplings
0000e0000

Hard-collinear factorization for the correlation function at LP

® NLO hard function

c c
TS 1z ) = ZE[D2 4 700 g D€ 4 700,

® the NLO renormalized hard function New

asC 1 = 1—r 1—r 1—r
T\Sl)(rl,rz,u): sk {[2 (27 =k 3 _ 2 im 3)
47 r3 — 1 r3g —ry 1—n r3g —ro 1—ro

s — 1)((r3 :l)ln(l:rg) (1 7_r1)1n(1: n) (1 7_@)1“(1:@)) 3 : 7] lan
(3 —r)(r3 —r2) (3 —r1)(n —r2) (r3 —r2)(r2 — 1) r3—1 2

2 [fg —r3(rn+r2)+2rnre —rnn —rp+1

+ ] [Lig(rg) + 21 — r3)}

(r3 —r1)(r3 —r2)
2 -1 = =1
_An-Us-—n+r-1 [Liz(r) + (1 = )] -
(r3 = r)(rn —r2)
r12 +r3(2 —3rn —3r3) +3rirp + 1 r3(2rirg —rp —re) —rir
_ In(1 — r3)

2(rg —1)(r3 +r —ro — 1) [

Li In?(1 —
(r3 —r2)(r2 — r1) AR rz)]

(r3 —r)(rs —r2) r2(r3 — r1)(r3 — ra)
~ 2(n —)(r3r1 —r2) a1 — ) — 2(rg — 1)(r3ra — 1) oL — g 3rf 4+ 6r3 — 1
ri(r3 —r)(r1 —r2) el =ca) ra(r3 —ra)(r2 —r1) A r3(rg — 1) }’

subtracting the UV and IR divergence in the MS scheme
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LCSRs for the H 4y H(4yV couplings
[e]e]ele]e] lelele)

The factorization scale independence for the correlation function

® The derivative of the twist-two NLO correlation function on the scale

d OPE & 1 0 "
rlnHHLP (r1,r2, p) = —myf,(q-e )/O d“{(dlnﬂd’!;\/(“au)) [7—\5 )(flvf2,u,u)+T\§ )(fl,fz,uyu)]
I g 0) (1)
+ oy [T 1,00+ T (0]

® the RG evolution equations of the twist-2 LCDA and the heavy quark mass

ol wm =2 [ v el (o m,
dlnp = 0 ’

d asCp
—m = —6 m, 0
din g (k) o Q1)

where the evolution kernel is given by[Efremov and Radyushkin, Phys.Lett.B 94 (1980)245]

Cr [2u
V(u,u') = ﬂ[ “ (1+

47 Lo’

) O(u—u')

J

2u 1 5
+—(1+7>6(u—u)
4+ u —u

u—u’

the plus distribution function is defined as

V(u, ')

1
= u, u') = §(u—d s u'y.
L= V) = o )/0 dev (e, o)
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LCSRs for the H 4y H(4yV couplings
000000800

The factorization scale independence for the correlation function

® |Inserting these evolution equations, then we obtain the first term

1 d
/0 du(dm@g;vw, u)) [T6 (r1s ras uy 1) + T (1 r2, 0y )]

|
Cr 1 boy(up) (71— il = il = il =
:4.a5F/ oy 2 {[ Ap=—8, 2=8, r3+2]
4 0 rg —1 r3 —ri 1—nr r3 — ro 1—ro
N [ 1 (3—1%2In(1—r3) (3—1)(rn—1In(l—r) (r3—1)(ro —1)In(1 — rz)]}
2 (r3 —r1)(r3 — r2) (r3 = r)(rn —r2) (r3 = r2)(r1 — r2) '

and the second term reads

/1d 0 () d
u s\, (U,
Jo 2V

ol
Cr 1 Pg.(u, 1) 1—
:4-2/ du =Y {[7 n Ir
0

47 rg —1 r3 —ry 1—n r3 —ro 1—ry
(r3 —1)(r1 —1)In(1 —ry) (r3 —1)(ra — 1) In(1 — ra) 1

_ =Wy
(r3 = r2)(r1 — r2) ] 2}

{7‘50)(,17 ra, u, p) + 7’\51) (r1,r2,u, #)]

1—r 1—r 1—r
1 3 2ln 372}

(rs — 1)%In(1 — r3)
* [ (r3 —r1)(r3 —r2) (rs —r)(r —r2)

® Put them together, we obtain Exactly cancel!

d
dlnp

OPE 2
Opp (r1,r2, 1) = 0(eag),
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LCSRs for the H 4y H(4yV couplings
000000080

The LCSRs for the H(H(s)V at LP

® Inserting the double spectral density into the sum rules, we finally get the LP LCSRs

iy, +miy

1

LP —L "2 _10,,,2 NLO, as 2

BH{HyV = 55— ¢ 2M [J:LP(M ,s0) + Frp (M 750)]7
Hy "H2

where [introduce two auxiliary function]

1 — %o 1
LO (5,2 _ 4 2 Z AP -
Frp (M*,s0) = fi,mymgM (e @ )4)2:\/(2) s
asCr 239 —2 _o+2
FREC 25 (M? 5) = —;Tf\ﬂmvmé{/o doe 202 g(o) + Ag(Mz,m%)] ,
3 ) . 3 o o o+ 2
g(o) = i [ — 2Lig(—1 — o) — 2Lig(—0o) — 5Lig (75)} — 61n (5) ln( 5 )

— g In(2+ o) In(oc + 1) + w In(o) + g In(o)

(o +2)3
3 1 6 33 3(30 + 20
3+ DE40) | rr1) = Bin o - 3B7F20
(o +2)3 8 8(o + 2)
12 2 2
7Mln27§1n271—21n<p‘—),
(o0 +2)3 8 8 2 2

mQ

2
Ag(M?, my) = 3[4+31n (%)]e_ Wz
o)
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LCSRs for the HsyH(s)V couplings
00000000e

The LCSRs for the H(s)H(s)V at NLP

® Subleading power corrections and higher-twist contributions

IREp (1, r2) = m(L + g, + fgy) (a- &™)

x ZZ{/ du sy’ (~1Y HD (11, 12, u) As (0

i=2j=1
1 L= q B q
Mo [Mdan [T dag oy (17O () A, v |
The part involving soft functions is denoted by V-meson LCDAs
Azp oz(w) = fiF ol (), Asp s1(u) = —flagl (),
1 =
Azp, 32(u) = —f) [uw! V() + 2y ) + 20w,

A _ el 2 () = 2wz

Asp,33(u) = ~ ) [04:V(U)+8b(ll)]y Asp, s (u) = 26wl (u) ,

Asp, 33(v,2) = ¥ [(v—v)w (@) + Ty (@) +2(v - ) B (@) + 284,y (@)]
7v‘

Asp,3a(v,0) = =Y (1 = D[ (v = W) T (@) + Fhy (@) +2(v = M) Bl (@) + 284y (0],

® and we also introduce the following notations:

| 2ugl (1)
”(U)_o (u)—Qog V(u)+t,4v(u), Agy.y () = ———,
n—r
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Numerical analysis
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O Numerical analysis
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Numerical analysis
(o] lele]ele]e]

Numerical analysis

® Decay constant from two-point QCDSRSs[Gelhausen et al.1305.5432]

parameter input value [Ref] rescaled values

p = 190459 MeV, =201.11212 MeV, J(15CeV) = 0.3487540102
Jp -0 ! Ir -176 au(mz) 0.1179 £ 0.0010 “ ¢ oot

,(3.0GV) — 0.252770 005

fp, = 20(),74:;?74 MeV, fB, = ‘_)23’_)ff§g MeV, (i) 1,280 = 0.025 GV I Jio(15 GaV) = 1.205 0,034 GeV

(7). 4.18 £ 0.03 GeV' (3.0 GeV.

473 £0.04 GV

fpr = 2455720 MoV, fpe = 21427101 MeV . (1, +72)(15 MeV) = 7.305 4 0.09 MeV
: ’ (T +Ta)(2 GeV) | 678 £ 0.08 Mev | [ad], g

(77, + T4) (3.0 GeV) — 6.331 1 0.07 MV

. = 28117246 VoV, . = 24527189 MoV . (15 MeV) = 100,305 1 0.65 MeV
Ip; —209 Ii; —%3 (7,)(2 GeV) 03.1+0.6 Mev | 18, 1 ()15 V) ‘

(m)(3.0 G

) = 86.936 £ 0.56 McV

® Decay constant from Lattice[FLAG:2021][Lubicz,Melis,Simula(ETM),1707.04529]
fp=2120+£0.7MeV,  fp=190.0 + 1.3MeV,

charmed meson bottom meson
Methods
fp, =249.9 £ 0.5 MeV, fB, =230.3 £ 1.3MeV, Jp MeV] | fp, MeV] | f [MeV] | f5, [MeV]
two-point QCDSRs| 201%12 | 238*8 | 207t | 242t
fp+ =228.5+7.7MeV, fp = 182.02 +4.4MeV, LQCD 212.0+0.7| 2499+ 0.5 | 190.0+ 1.3 (2303 + 1.3
Experiment  |207.3+6.2(249.5 £3.16(201.6 £21.2|  —

fpr =271.6 £5.0 MeV, fBr =224.3+2.6 MeV.

School of Physics

Precision Heav: Meson Couplings via LCSR



Numerical analysis
[e]e] le]ele]e]

Numerical analysis

® Renormalization scale p equal to the factorization scale

HN,/mﬁ—m%N 2moA , (A = my — mg).

Parameter ‘dxrfuult value (interval) l [Ref.]| Parameter l(l(tf‘ault value (interval) l [Ret.]

charmed meson sum 1'111«35 bottom meson sumn rules
 (GeV) 1.5 (1.0-3.0) 1 (GeV) 3.0 (2.5-4.5)
M? (GeV?) [48] | M2 (GeV2)|  16.0 (12.0-20.0) [49]
s0 (GeV?) s0 (GeV?) 37.5(35.0-40.0)
® the validity of the power expansion
Power || & |obas| o2 | & 5 | total || sy =60 = my/mq
5 5 _ 5@ _ .
Power | o3 | o5 | of | &5 | of |votal|| 8 =07 =my/mq | o 576|080 |0.65| 031 0022 3.86 5 = 0.64
gp:p,s || 241 | 0.63 | —0.48 | ~0.045 | 0.020 | 2.54 %) =085 gBBp || 2.69 | 0.44 ] 0.65 | —0.10 | —0.006 | 3.68 5 =07
()
. o e - = | _0r0| —0037 | 23 5\ = 0.85
9B:p.o || 247 | 0.53 | ~0.48 | ~0.016 | 0.020 | 2.86 o) =023 9D,D6 || 2:52 | 0.77 | 0.65 | —0.59 | —0.037 | 3.31 95 =085
NG e
9B.B. || 239 | 041 | 0.66 | —0.16 | —0.011 | 3.29 3y =023
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Numerical analysis
[ee]e] lele]e]

Numerical analysis

® Scale and M2 dependence of the products fH, fHs 8Hs Hs &

0.4 0.4]
wiLo wiLo
— w10
wito JRE——S
,,,,, w2510
— ot —
-0 -0
0 15 20 25 30 35 40 a5 50 55
1 [GeV] M? [GeV?)
0.3] 0.3
w3to wito
R —Y
_ wito _ — w0
5 weno O e w2 NLO
z 02 —— total —— total
] _— e
3
S oap——
- —--- -
-0.1 -0
25 3.0 35 4.0 45 12 13 14 15 16 17 18 19 20
1 [GeV]

M? [GeV?)

although each twist has its own dependence, the overall result exhibit no dependence when summed together![check!]
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Numerical analysis

Numerical analysis
[ee]ele] Tele]

® Numerical results for the H(*s) H(S) 14 COup“ngS[Errors have decreased, and precision has improved!]

Su-Pi

Precision Heavy:

Method 9D*Dp 9D* D 9D:DK* 9D=D,K* ID:D.
LCSR[ 3807059 - - - - [CWang,H-D.Li20
LCSR19] 3.56 4 0.60 - - 4.0440.8 | 3.2840.64 | [Z-G.Wang,07']
LCSR[17) L17T+1.04 - - - - [Z-H.Liet al.02'
QCDSR[21] - - 3.74£1.38 - - Decay Const. from
S I 3531980 | 2251042 | 3551065 | 3708 | 9 6ot053 QCDSR

sa0tgls | 207093t | sa0%e | sanrgsl | 2500l
Method 9B Bp 9B*Bw 9B BK* 9B*B.K* | 9B:B.o
3.807042 - - - -
LCSR[17] 5704143 | - - - -
QCDSR[1] - ~ |3244108| - - Decay Const. from
st (s worty |22 | L5 | a2 (10 a0 | acom
3745058 | 2387028 | 3.615040 | 3.615040 | 2.86052
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Numerical analysis
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Problem 1

® static coupling g in HQET

eA/r

By = = {27—(1—e—wo/")mvf‘u¢g;v(1/2)+m€f\f¢!;v(1/2)+mif‘uA}'¢H }+
2;V
where fy = \/frTQ’ my = mg + A, M2 = 2mqT,s0 = m% + 2mguwo

® parameterize the LCSR result to estimate the g and its inverse mass corrections &

5
8HHV = BHHV <1 I *) » (H= D), Bs))
my

® we encounter the two equations yielding the parameters g and §.and predict the 8

Vector meson dominance
— (VMD) model: N
QCDSRs || 2447078 [ 1427322 | 0.30%0%) V2 JHHp

p="=
LQCD | 3585080 | 0.15405% | 0.44 £ 0.07 2 gv

Parameter | iy s B

Sxperi +0.70 186 +0.08
Experiment || 2.49%070 | 1.29+158 | 0.30704%

Possible explanations: 1.may be that the model predictions have potential larger errors? 3. It is actually not reliable?

2.besides the possible influences of excitation contributions, the values of NLO corrections to higher twists unknown?
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Numerical analysis
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Problem 2

® An alternative approach to extracting the coupling[X.Q.Li, et al.2011.0269]

2my . q’
8HiHov = ——— _lim 1*7/'\0(!7)
(62 v, q2—m2
VIH) ¢q ~>mH1 mHl

[Bharucha,Straub.Zwicky,16'] [Gao, et al. 20']

Bharucha,Straub.Zwicky, 16" !
Method || This work [ V(@R8] [ V)82 | 7108 | 1) ! Y161 [fao' et a\,220]
200083 | 720118 | 55 st | g Coupling | decay constants || This work | Ao(¢?) [24] [ Ao(q ) [28]
95p two-point QCDSRs || 3.10504 [ 6117157 | 6.157217
37408 | 853414 | 640443 | soattd | 725t 5 r
=2 4 = — = 98By LQCD 665512 | 6. 70*2 i
1.88*9% 678717 | 6.00%52 6.50+18 6.6075%
P 00 L6 i B 2 Experiment 6.2751%
238705 | 798'15 | 706135 | 7.estiTl | 7asi3E two-point QCDSRs 4245108
3024080 | 7344180 | 622133 | 6.96115 | 695443 9BBw LQCD 2. m*:;,: 162 | saT
gnzne
3614949 | 8024180 | 6.80+420 | 7.61+14 | 7.6074T) Experiment 2. 1;*:; ﬁ 4.367] L 4x7*|,‘;{
316403 | omtie | - | ezt | two-point QCDSRs || 3.267050 | 6.307] 31
9B*B.K* 9B,BK* C F0.37 F 150
261738 | 795718 Tor® LQCD 3737047 | 6.627159
36144 san | —— —
two-point QCDSRs || 208705 [ 7.137]
2704040 | 68siH [ = | esatid | - 9B.B.¢ S T
a6 LQCD 3295050 | 749518
2867038 | 75111S — 71508 —

Possible solution: 1.calculate NLO QCD corrections to the higher-twist contributions of the vector meson DAs?

2.incorporating high excited heavy-meson states in the hadronic components of the sum rules?
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Conclusions

® \We obtain improved values for the coupling H((s*)) Hs)V beyond leading order,
incorporating higher-twist/power corrections in LCSRs.

® The NLO corrections constituting nearly 20% of the leading twist,
closely match the LO contributions at twist-three.

® Qur LCSR predictions for the H((s*)) H(s)V couplings show satisfactory agreement
with values from previous studies within theoretical uncertainties.

® Qur results are systematically smaller than those independently derived from
form factors or VMD model. This discrepancy indicates that further
investigation is needed to address the underlying issues.
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