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® Introduction

Pan-Pan Shi



T} and its flavor partners

(4} Tj; state LHCb, Nature Commun.13(2022)3351, Nature Phys.18(2022)751
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o Based on the heavy quark flavor symmetry, 7.1 should has heavy

quark partner with quark content cbad / bbTUd s. sakai, et al, PRDIG(2017)054023;

Luciano M. Abreu, NPB 985(2022)115994; M. Abolnikov, et al, PRD 113(2026)114041
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Lattice results in the B*) D® /D*) B*) system

o Signal for I(JF) = 0(17): the ground-state EL below the DB* threshold
[-61,-15] MeV with m, ~ 164, 299, and 415 MeV ([ud][¢b] + local DB*
Operators) A. Francis, et al, PRD99(2019)054505

o No signal for 0(0",1") systems: the ground-states EL above the corre-
sponding DB and DB* thresholds with m, ~ 192 MeV ([ud][¢b] + local
DB* operators) R.J. Hudspith, et al, PRD102 (2020) 114506

o No signal for 0(17) system: the ground-state EL is compatible with the
DB* threshold with m, ~ 139 — 431 MeV ([ud][cb] + local/nonlocal DB*
Operators) S. Meinel, et al, PRD106(2022)034507

© Bound states in the 0(0T,1%) systems: BD and B*D bound states with
binding energies B, = —0.57% and —2.4729 at m, ~ 220 MeV ([ud][cD]
+ local/nonlocal DB* operators) . Alexandrou, et al, PRL132(2024)151902

o Extrapolation of ndcb system with 0(0%,1%): BD and B*D bound states
with binding energies EF, = —397515s and —4373T11 MeV at the physical
pion mass ([ud][¢b] + local BD/B* D operators at m, ~ 0.5 — 3.0 GeV) .

Padmanath, et al, PRL132(2024)201902, PRD 110(2024)034506
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T-matrix in the infinite volume

o TIsoscalar B*) D) systems
ot {BE, B*l_)*},
1" :{BD*, B*D, B*D*},

ot {B"D").
© T-matrix in the infinite volume (Lippmann—Schwinger equation)
7]5 E P7 Z a ,p,k)Fgg(k),

with
d
aB(E p,k) aB E p7k)+2/( q Va'y(E D, q )I (qu)T’/Yﬁ(quvk)'

Here the Gaussian form factor Fa(p;) = exp(—p7/A?) for heavy-meson channels
is used to ensure unitarity of T-matrix. The Green’s function is

272
Sap e 24 /A

A —
L (B, 0) = 50 (@) ¥ anl@) + i
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Short-range interactions from HQSS

At LO, the interactions between heavy mesons are described by the
contact term

o Isoscalar 0T systems: {Bl_), B*l_)*}

V&(BD) = Cya,
V2(B*D*) = Cya — 2Coy.

o Isoscalar 17 systems: {BD*, B*D, B*D*}

S Cou —C
VL{BD*,B*D} = | "0 °”> :
ol ) (—COb Cha
V&(B*D*) = Coq — Cop.
o Isoscalar 27 system: {B*D*}
VZ(B*D*) = Cya + Cop.

Coq and Cyp are low-energy constants fixed from the lattice data.
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Long-range interaction in the ChPT

The one-pion-exchange potentials between the heavy mesons are
obtained from ChPT
o For the isoscalar B*D-BD* coupled-channel system

‘e 3 0 [py - €"(k1)][kz - €(py)]
Vope(B*D) = 4§2D (E) ( Dy - " (k2)][k1 - £(py)] ) 0 P )

o For the isospain B*D* system with JZ =01, 1%, 2%

ffizD (B)a- (" (k) x (py)] [a- (" (ko) x =(p2)].

D, (E) is the pion propagator in the time-ordered perturbation theory
(TOPT)

Vorr(B*D*) =
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T-matrix in the finite-volume

o For the AT irrep (BD system), only the contact potential, which is the
normal finite-volume framework

o In the T1+ irrep, the coupled-channel Lippmann-Schwinger equation for
the B*D-BD* system is

T;I)‘\l'rl,ﬂkgrz (E7 D, k) = Vg}\l'f‘l,ﬁ)\QT‘Q (E7 D, k)
+ Z ‘7§>\1T117)\3T3(E7p7 qn)j'¢>\3T3ﬁ)\3T3(E7 qn) T4£3T3,5A2T2 (Ev qnak)a

VsA3,7T3,dy

where \; is the helicity of vector mesons, and r; are the row of irrep
r. Vg)\m,v)\z,m (E,p,q,) is the potential projected into the irrep I.
The finite-volume Green’s function is

. 1 Gapbayngdryme 20/

Izi\ T T E: q,) = 73 ~ ~ .
M e (B2 00) = 73 @ (@n) = @pe) ()

© The coupled-channel contact potentials

1 * * T Coa *(kz) ( 2) _CO *(kl)' ( 2)
VelBD", 5D} = <—oofs*(k2> w5 Cot ) () > '
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Projection of potential into the irrep I

o The potentials are reduced to the specific irrep with the projection operator

flg)\lrl,ﬂk2r2 (Eapa k) - Z<p7 Fa )‘17 T1, /.L| f/aﬁ(E7p7 k)|k7 F7 )‘27 T2, /'L>7
u
where the orthonormal basis of the I" irrep is

Ip, T, A, ry ) P*Z [ p;] P::,,|p,)\) with PF = dlm(f‘ ZD (9)g.
geG

Kang Yu, et al, JHEP04(2025)108

© The potential is reduced to
r Npx r 1P #r e L
Va)\lrl,ﬂ)\zrz (E7p7 k) = Ny N Z I:cp,)\li| D |:Ck,)\2] <p7 )‘1| 14 g|k7 )‘2>
2

In the potential, the polarization vectors are in the helicity basis.
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® Reanalysis of Lattice Data




Determination of the LECs from the lattice data

The LECs COa, C(]b are constrained by the Lattice data c. Alexandrou, et al,

PRL132(2024)151902
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Model IA/IB: Contact potential with A = 0.8/1.2 GeV;
Model ITA /TIB: Contact + OPE potentials with A = 0.8/1.2 GeV;
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Fitting results

The LECs Cy,, Cop are constrained by the Lattice data c. alexandrou, et al,
PRL132(2024)151902
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Model TA/IB: Contact potential with A = 0.8/1.2 GeV;
Model ITA/TIB: Contact + OPE potentials with A = 0.8/1.2 GeV;
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Energy spectra

M. Abolnikov, et al, PRD 113(2026)114041

: - — Model TIB
oo | (@ CT2+0+0
. . A 2
P . \‘
Te e
01t p, .
‘s‘ \~»~ .“
“ - []
8 o &= ® = . = 25 30 35 40
bm R SR 2 SR AP L [fm]
< Ld S
0.05 el m el *
wo T e @
b o4 lll.
0 "_i-' """""""" ga- '"i'. """"""" "
2 32 2 32
La La 25 3.0 35 40
L [fm]

o Left panel: BD-B*D* in A} irrep, B*D-BD*-B*D* in T irrep
o NLO potential improves the description of high-lying ELs in A} irrep
o D-wave contributions are significantly different between two fits
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Energy spectra

M. Abolnikov, et al, PRD 113(2026)114041
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o Left panel: BD-B*D* in A} irrep, B*D-BD*-B*D* in T irrep
o NLO potential improves the description of high-lying ELs

o D-wave contributions are significantly different between two fits
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Cutoff dependence of parameters

Varying the cutoff in the region of [0.6,1.2] GeV, we fit the Cp, and Cpy,
with the four energy levels both in A] and T} irreps

VetVorr
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o The Cy, exhibits the same trend for both the Contact and Contact +
OPE potentials, whereas Cy; exhibits the opposite trend
o The OPE potential is sensitive to the variation of the cutoff
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Pole positions for the S-wave B* D) system

Using the fitted Cy, and Cpp, we calculate the physical pole positions

Table 1: Predicted pole position in units of MeV.

Jre TA 1B 1A 1B Thr.
0" 714477 714677 714477 714677 7147
1+ 718771, 71907, 718771, 719177 7192
728713 —otli  7287F3 —1fli 728713 — 2705 7287T! —0fli 7288
0F 7293713 7303727 7296717 7081738 | 7333
17 73147 732077 73157 7224777 7333
2F 73317 3 733271, 733371 733270 7333

o JP =17 pole in the BD* system is located on the (—, +) RS

o J¥ = 2% pole in the B*D* system is located on the (—) RS

o For IIB, the poles in the 0T and 1+ B*D* systems have deep E,

o The original LQCD results shows other two poles: m—m gy = 138(13) MeV
& 146 — 156 MeV for 0T B*D*; m — mp-p = 67(24) MeV < 95 MeV for

1+ BD* C. Alexandrou, et al, PRL132(2024)151902
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O Summary
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The lattice data of the 0T and 1% bcgq systems are reanalyzed in the EFT
framework with/without the long-range OPE potential; Possible structures in
the B*) D™ systems are predicted in terms of HQSS
o 0": two bound states close to BD and B*D* thresholds; the mass of one
state near B*D* is consistent with the one in original LQCD calculation
in A irrep
o 17: three states close to B*D, BD*, and B* D* thresholds; the mass of the
one close to the BD* threshold is consistent with the one calculated by
LQCD in the T} irrep
o 2*: a virtual state near B*D* threshold
Our results suggest that the off-diagonal OPE potential does not affect the S-
wave scattering information when the BDr three-body cut outside the energy
region, but changes the higher-wave information, like finite-volume spectrum

Thanks for your attention!
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The r-orthonormal eigenvector cgo y is calculated by solving the eigen value
problem

glii, A) =D D3 (Rt (7)) ], A)
A

= Diw (Ru(gi)) Dira (Ra' (97) gRst (7)) | g7, A)

AN
_ ZDM . gn @wm(ﬁ,g)mﬁ’ /\)

— e—wpw(n,g) g7, A)

IA o Z Dr(g) n07)‘|g|n0: >:

9ELG(7io)

C,,—l;o ZQELG(ﬁo)f DF(_'g) ~ lfA = O
2 geLG () + e~ 2ewlod Dl (g) i A0

Here ¢ is the Wigner angle.
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Projection of the effective potential Kang yu, et al, JHEP04(2025)108

7] * “
V?l;{,r/,ﬁor = Nz, Ni, Z [cgg} y leq.], <n'u| P;I;l' VLP,I:V 173,)

v,/

\/ILG P (CAREOREN AT
- \/|LG (ﬁo)|1|LG (72)| EZ ([CSZ]T . Dr(g) . DF(h) . [C%o]> ﬁ;| f/LghmO)

9€ LA
heLG(7i)
Nﬁ/ T, 1‘ _ - . . .
=N, Z ([cﬁ{,] 'Dr(g)'[cﬁo]) (ity| V' g o)
"' geLC(7i,)
Ny Mt =
= D (CARERORE R (S
o e LC(iy)
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Pion-mass dependence of f; and g in the OPE potential v. Baru, et al,

PLB726(2013)537

fe(€) = 20

ph)2
1+(1—{i)@2—0—-2$}€”%4
T 0

9(&) = g™ [1+ C1 (€2 — 1) + €% log¢],

with
—1
1 _ _ 1 +2gg ph 2 mgh ph 2
Q—lb %%(W)MMJMM@J (1)
_ 1 + 293 ph 2 _
Cy = 87T2f02 (mﬂ’ ) (1 Cl) (2)

Patameters: fy = 85 MeV; fPB = 92.1 MeV; & = m,/mP"; gy = 0.46,
Qlay = —0.16GeV_2, Wat = 1GeV. D. Becirevic, et al, PLB721(2013)94
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