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Introduction

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

® offer valuable insights into the non-perturbative aspects of the long-distance
dynamics in strong interactions

® play a crucial role in extracting the low-energy constants A and 3 in HM\PT,
which are essential for describing heavy-light meson interactions at low energies

® enter the residue of the H — V transition form factor V, Ap and T1 , which are
key to extracting the CKM and the LFU parameters

2my . 2
IHHV = Y lim [(1—75—2>A0(612)]

cvifH a2—miy, i

® help understand the final-state interactions (FSls), potentially contributing
strong phases and paving the way for direct CP violation in non-leptonic B

meson decays

By including NLO corrections and higher-twist contributions, we accurately
determined these coupling constants via LCSRs
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@® LCSRs for the His H(s)V couplings
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LCSRs for the H*)H(S)V couplings

® Def. with the eff. Lagrangian[Casalbuoni,et al.,95'][Yan,et al.,92'][Cheng,et al.,05"]
*y pp* xa_%f3
(V(p:n™H* (P + 6,8) | Legt [H(@)) = —8p1# v €appon” e P a7,

® Vacuum—V correlation function

Fulp ) =1 [ dxe ™ EFDX V(o 0" T (), 5 (0)}10) =purpa ™ 747 F((p + )7, 42),

where, j, = d1 v, Q and j5 = (mqQ + mg, ) Qi V5 g2,
® Double dispersion relation

8H* HV MMy // Peont (51, 52) dsy dsy

F 2 2y =—
((P+a9)%q%) [ —(p+q)2] 2~ [s1— (o + 92] (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 (*S)H(S)V couplings

® light-cone OPE expressed as a double dispersion relation

"LLLIIJ;‘?
p(OPE) (s1,5s2) \ N S—

(8

ﬁ'ﬂqﬁ

£(OPE) 2 2y _ dst d 7
((p+a9)",a%) // 51 dsa (51 — (P + 2)(s2 — 42) 1

where the involved dual spectral density p(OPE) (s1, s2) refers to

|, =
F(OPE)(

51,52)

1
OPE —
P( )(51152) = ﬁlmsllmsz

® performing the double Borel transformation with respect to the variables
(p+q)% — M? and g% — M2

p> 2 2
1 m — s my — s
liFs 1 H 2 OPE
BH*HV = — 5 // ds) dss exp ( 2 F vz ) o )(s1,2) -
HMH* 1 2

Boundary S dual to ground state, arises from subtracting continuum contrib. using the parton-hadron duality ansatz
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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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Double spectral density at LO

® The part involving soft functions is denoted by the following notations

1

‘A‘(ZI;)(.)O)I(”) = fi 5y (), 'Ag;:)l)2<”) ==z B3y (),

ASS D) = - [4umo5y () + oy ()], AL () = —% P OR

AL ) = ~uavity (), AR W) = S vk, W),

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

A vy = i {2vler V(@) - oL (P (@] - ¥y (@) - (v = Ty (e)
S 2029 3@ 0y - 8D (@) + 8EP (@) - LD (a)] b

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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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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Double spectral density at NLO

® Combining all one-loop contrib., the results agree with a previous study [H.D. Liet al.,20"]

TD (ry, ra, )

asC 1—r 1—r 1—r 1—r 3 1 2
= S5 (—2)[ L == 2 = ] Symt
4w rg —ry 1—n r3 —rg 1—ry 2

1—rs € mg
1T —r 1—ry . 1—r . 1—rp .
+2[<7+7> Lig (r3) — Lig (r1) — Lig (fz)}
B—n 3 —r B —n r3—r2
1—r 1—r 1—r 1—r
+2|:<71+72>1n2(1—r3)—;lnz(l—rl)—izan(l—rg)]
r3 —r r3 —r2 r3—n r3 —r2
1—r3 /1—r3—2n 2(1—r3+ra) 1— 6r3 1—09r3
e ( = >+ o +1|{n(l—r)+——
r3 rg—r rg —ra rs r3 (1 —r3)

—7(1 —n)a-3n) In(1l—r)+ 72 a-r) In(l—ry) — 3} s
ry (rg —r1) ra (rs —r2)
® double spectral density

asC
PO (51 52) = 0 (51, 39) + ZE N 0y, )
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duality and sum rules

® parameterization of the boundaries [Khodjamirian,Meli¢, Wang, Wei, 20']

S = S =2
<7l> +<2) <1, 517522"1%-
Sk Sk

probe the three regions, generated at

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
My + My« [ (LO) /1,2 as CF__(NLO) ,,,2
F M=, ——F M=,
( oW ) (M7, 50) + — — (M~ s0)

8H*HV = —

mﬁmH*

® define the integral over the triangular region

2 _ [ el s1 + s2
F(M~,s0) = dsy dsy 0(2s9 — s1 — s2) exp | ————— ) p(s1,52) -
—co —co 2M2
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© LCSRs for the H(s)Hs)V couplings
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LCSRs for the H H )V couplings

® Def. with the eff. Lagrangian[Casalbuoni,et al.,95'][Yan,et al.,92'][Cheng et al.,05']
(V(p,e™)H2(p + @) Lefr |H1 () = 8HyHov(a-€7),
® Vacuum—V correlation function
(e + )2, 6 =i [ d*x e (V(p, &) T{E 00, (0 }]0),
where, j5 = (mq + mgy)Qivs

® Double dispersion relation

(g- E*)gH1H2v miy, mi Peont (51,52) dsy dsp
((p+ )%, q°) = 2 // B =
1

[m7, —a?l[mf, — (P + a)?] — %] [s2 — (P + 9)?]

E(tJ'E*)l"'((p-&-q) )
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LCSRs for the H H )V couplings

® light-cone OPE expressed as a double dispersion relation

OPE 2 2 * pOFE (51, 52) % =
HOPP((p + 0)%,0%) = (a- ") [[ dor dso 2 "
(s1 = (p+q)?)(s2 — g?) Qg
where the involved dual spectral density p(OPE) (s1,s2) refers to 7
/ >
q

1
PE PE
pOPE) (51, ) = 7|m51|m52n(0 )(s1,52)
s

s,

q
q2 E 3
e (a) ) 20 (d)

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

2 2
1 +oo 259 —sg mH1 = Sl mH2 — S OPE
BHiHyV = —5——5— dsy dsyexp | ———— + ————|p (s1,52) -
1Ha 2 m2 M2 M2
1" Ha

confined to the triangular duality region with @ = 1 and s. = 2sp, wherein sy < 259 — 51

u Jiang School of Phys

Precision Heavy: Meson Couplings via LCS



LCSRs
000@000

Hard-collinear factorization for the correlation function at LP

e factorization formula:
IR+ 0% ¢ = ¢ (37 + T¥V) @ (o))
® matrix element of the vector light-cone operator
() = (V(p, )1 (979®)[0) O = & GIua® 2 mux) Ex@),
OZ =n, /dwldwz e%wl(n‘X)Jv@) = nu Oy, Jv (@) = Xn, wy an, wo
® Therefore, rewrite the factorization formula
1
nEER (e + )%, %) = (n-a) [ an (7 + TV ) (7v(@))
where

.g*

(Oy) = <V(p,a*)¢/dwldwze%wﬂ"‘x)av(w>|o>,<Jv(w)> = %mvfwﬂgv(u),
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Hard-collinear factorization for the correlation function at LP

® NLO hard functior
asC
T\Sl)(rhrz,u) sCr {7—‘51),3 7,&1),1: 7’\51)’6 7,&1),(1}7

® the NLO renormalized hard function New

asC 1 1—r 1—r 1—r 1—r
T\51>(r1,r2,u)= sCF {{2<2_ 1 3 2 1, 3)

4T r3 —1 r3g —ry = 7 r3 —ra 1—ry
— n(l—r —r1)In(1l —r —r2)In(1 —r r3 — 2
_2(r3_1)<(f3 71)1 (17 3) , (@ 71)1 (17 1) @ 72)1 (17 2)) B 377]111#72
(3 =r)(r3—r2)  (3—r)(n—ra) (3—ra)(r2—r1) r3—1 mg

2 [fg —r3(r1 4+ r2)+2rrp —rp —r2 + 1}
(r3 —r1)(r3 — r2)
2(n —1)(rg =i +ra = 1) 2
— Lis(r In“(1 —r
P Tr—— [Liz(n) + (1 = )]
2(rg = 1)(r3 +r —rp —1) . 2
_ L In“(1 —
eI [Liz(r2) + n* (1 = r2)]

B

[Liz(r3) + 0% (1 = r3)]

rl2 +r3(2—3rp —3r2) +3rirp+ 1 r3(2rirg —rp —re) —rirp

In(1 — r:
(r3 —r1)(r3 —ra) r2(r3 —r1)(r3 — r2) ( 2
2(rp — 1)(r3r1 — r2) 2(ro — 1)(rgrg — r1) 3r12 + 6rg — 1
— ————— In(1 — — ———— In(1 — + — 5,
ri(r3 —r)(rn —r2) S ra(r3 —r2)(r2 — r1) S r3(rz — 1) }

subtracting the UV and IR divergence in the MS scheme
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The factorization scale independence for the correlation function

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

d  _OPE * 1 0 1
rlnHHLP (ri,r2,p) = —myf,(q-e )/O d“{(dlnp‘d’!;v(”auo [7—\5 )(flvaYU,u)+T\§ )(fl,fz,uyu)]
d
l 0) (1)
+ 0l ) g [T ) 4 T 1,2, 0)] }

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

LAl o) = 2/1 Vi, Yol (o ),
dlnp = 0 ’

d asCp
—m = —6 m, 0
din g (k) o Q1)

where the evolution kernel is given by[Efremov and Radyushkin, 80’]

Vi, o'y = 25 [25 (1 + ;) 0(u—u')

47 Lo’ u—u’

2u 5
+—(1+ )6(u —u)
+ v

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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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 )]

|
asCr 1 boy(up) (71 —r 1—r 1—r 1—r
'sF/duz,v {[ 1 3+ 2 32]
0

In
47 rg —1 r3 —ri 1—nr r3 — ro 1—ro

2 (r3 —r1)(r3 — r2) (r3 = r)(rn —r2) (r3 = r2)(r1 — r2)

+[ 1 (r3—1)2In(1 —r3) (3 =1(n-1In(1—n) (r3—1)(r2—1)111(1—r2)]}

and the second term reads

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

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

l
asCr 1 b5,y (u, 1) 1—r 1—r 1—r 1—r
:4-57F/ du 2V {[7 1ln S 2ln 372}
0

4w rg—1 rg —r 1—n r3g —ry 1—ry

o [_ (3 =1%Im(1-ry) (3-1(n-Dn(l—n) (53-1)(2 -1 - fz)] 1}
(r3 = r)(r3 — r2) (r3 —r)(r —r2) (r3 = r2)(r1 — r2) 2

® Put them together, we obtain

d
dlnp

OPE 2
Opp (r1,r2, 1) = 0(eag),
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Input parameters

® Decay constants [Gelhausen et al.13]

charmed meson bottom meson
Methods
fo MeV] | fp, [MeV] | f5 [MeV] | fs, [MeV]
two-point QCDSRs| 2017}3 238753 207158 242117
LQCD 212.0+£0.7| 249.9+0.5 | 190.0 £ 1.3 |230.3 £ 1.3
Experiment 207.3 +6.2|249.5 £ 3.16|201.6 4= 21.2 ——

® Scale, Borel and threshold parameters

Parameter ‘dcfault value (interval) | [Ref.]| Parameter |dcfault value (interval) ’ [Ref.]
charmed meson sum rules bottom meson sum rules
u (GeV) 1.5 (1.0-3.0) u (GeV) 3.0 (2.5-4.5)
M2 (GeV?) 4.5 (3.5-5.5) (48] | M2 (GeV?)|  16.0 (12.0-20.0) [49]
s (GeV?) 7.0 (6.5-7.5) so (GeV?) 37.5(35.0-40.0)
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Scale dependence

® The i dependence

0.4l ' ! ' e 03} T T . il
w3 LO o
3 tw2 LO E| E tw2 LO
twd LO twd LO
= % tw2 NLO 1 — 02k e w2 NLO
E total T 02 o
8 z
S o02f 1 3 | 7
- 3
. 3 S oaf - ]
R B -
Y = ook ]
0.0F
o -01f ]
1.0 15 2.0 25 3.0 25 30 5 = -
1 [GeV] 1 [GeV]
0.4 " j j ' 03[ T T .
tw3 LO w3 LO
i w2 LO El E w2 LO
T twd LO — twd LO
% s w2 NLO — e
3 3 total % 02 o
o 3 7
& >
: g
- g
. B
= 2

Hua-Yu Jiang School of Physics

Precision Heavy-Light Meson Couplings via LCSRs



Numerical analysis
[e]e]e] lele]e]

Borel and threshold dependence

® The Borel parameter dependence

0.4 El 0.3} B
tw3 LO tw3 LO
tw2 LO k| L —— tw2LO 4
twd LO twd LO
. o3 tw2 NLO 1 — a5k eeees tw2 NLO
& —— total & 0.2p —— total 1
] 4
O 02t E o f 1
3 k| S 01f 1
& ot ] %
8 1 Py _ ,
3 = e D |
0.0 :|
70]7\ L 1 L | 70]7\ L L L L L I L N
3.5 4.0 4.5 5.0 5.5 12 13 14 15 16 17 18 19 20
M? [GeV?) M? [GeV?
® The threshold parameter dependence
oal ‘ " oal ‘ ‘ ‘ ‘ ‘
tw3 LO tw3 LO
F tw2 LO k| L tw2 LO |
twd LO twd LO
. o3 tw2 NLO 1 — A5F e tw2 NLO
& 3 total & 02 total !
5 %
O, o02F E j<} S
s fof_ 00—
I E
S 1oE | 1
ST £ o0.0f § k|
0.0f e
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Numerical analysis for the H((s)) Hs)V couplings

® Power corrections

Power dg 4, é 63, 03 J;f) total
9D:D.g || 241 | 0.63 | —0.48 | —0.045 | 0.020 | 2.54
9B:B.g || 247 | 0.53 | —0.48 | —0.016 | 0.020 | 2.86

Table 5: Power corrections for the strong couplings gp+me using the decay constats from LQCD, in

units of [GeV™!]. The expansion extends to the power of 54 ranging from 0 to 4, where 0p = 6((;» =

(

mg/mg, for the coupling with D,E*) meson (5¢() = 0.85 and for the coupling Bi-*) meson 5<<»b> =0.23.

Power | 6% |obay| o2 | &3 | & |total
gppp || 276 | 0.80 | 0.65 | —0.34| —0.022 | 3.86
giBy | 2.69| 044 |0.65 | —0.10 | —0.006 | 3.68
9p,p.s || 2:52 | 0.77 [ 0.65 | —0.59 | —0.037 | 3.31
9.1, || 239 | 0.41 [0.66 | —0.16 | —0.011 | 3.20

Table 4. Power corrections for the strong couplings gy

Hua-Yu Jiang

Precision Hea: Meson Couplings via LCSRs

Hp and gy gy using the decay constants from

Q)




Numerical analysis
0O0000e0

Numerical analysis for the DE*S) D)V couplings

Method 9D*Dp 9D* D 9D DK 9D DK+ 9D:D.s
LCSR[| 3.801050 - - - -
LCSR[19] 3.56 4 0.60 - - 4.04+0.8 | 3.28 +0.64
LCSR[17] 417+1.04 - - . N
QCDSR[2]] - - 3.74+1.38 - .

3.53T06L | 9951042 | 3 55+0.65 3.87+0-73 2.691053
LCSR (this work) 0.57 0.41 0.61 0.68 0.52

£0.49 +0.34 40.52 +0.54 +0.40
34050733 | 217543, | 3301045 | 33455355 | 2541073

Table 11: Numerical values of coupling 9Dy, D(_“)V(GeV’l) from several methods.
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Numerical analysis for the D)D)V couplings

Method 9DDp 9DDw 9D, DK* 9D, Dy 9BBp
LCSR([10] 2.62 4 0.58 3.224+0.64 | 2.940.68
LCSR[11] 4.61 - 534+1.15
QCDSR/[12] - 2.9
QCDSR/[13] —— - 3.26 £ 0.43
QCDSR/[14] - 4.00 + 1.09
LQCD[§] 4.8440.34 —
1300 | 2505 | 400 | 3eg | sd0nh
LCSR (this work) |"'3.86 +0.49 | 252+ 0.33 | 3.887022 | 3317037 | 3.687031
421058 | 2.74+0.39 | 3.98+0.55 | 3.327000 | 3277087

Table 10. Numerical values of coupling gp, p,,v from several methods.
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The His)H(s)V couplings from B — V transition form factors

Coupling | decay constants This work | Ag(¢?) [24] | Ao(¢?) [28]

two-point QCDSRs | 3.107047 | 6.11%137 | 6.15735]

9BBp LQCD 3.687058 | 6.65712 | 6.707273

Experiment 3.27f8:g$ 6.27f}:§g 6.321@:3

two-point QCDSRs | 2.02703% | 4.24%101 | 474730

9BBuw LQCD 2.397021 | 4627112 | 517715

Experiment 2137090 | 4367775 | 4877

P two-point QCDSRs || 3.2670% | 6.30%140 | 7.467335

’ LQCD 373005 | 662130 | 784733
o5 two-point QCDSRs 2.98t8;;§§ 7.13ti;i;§ —
LQCD 3.207050 1 749715 —

Table 11. Coupling constant 9By BV extracted from the residue of the transition form factors
Ap in the framework of LCSR fit, compared with our obtained values.
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Conclusions and Outlook

® In this talk, we present our recent progresses for the calculation of
the strong H*HV and HHV couplings from LCSRs via involving
the NLO QCD corrections at leading twist and higher power
contributions at leading order.

® The further improvements are necessary from two aspects:
® More perturbation corrections and higher power contributions need

to be included.
® The dispersion relation relating the strong couplings and the residue
of the H — V form factors need to be clarified.
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