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D. mesons in quark model
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* Coupled-channel effect due to hadron loop could cause sizable mass

shift on the state in quark model.



How important using lattice QCD data

2—>2 scattering is a good platform to study the coupled channel
effect, for example

DK — DK
D*K - D*K

However, this scattering data from experimental side is unavailable.

Thus, it is important to using lattice QCD data.



Hamiltonian effective field theory

Resonance properties:
pole position, coupling,
structure

Hamiltonian

T-matrix Latti
Phase shift, spzct;ttlfuem
inelasticity Luscher

equation
Experiment Qe
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Hamiltonian framework

The Hamiltonian reads
H = HO + HI)

where the non-interacting one is
Ho= Y 1B)ms(Bl+ Y [ @Fla(®)EaB)a)
B 6"

And the interacting one includes two parts
Hr=g+v

O

1 '31
bare state core -> channel : 4< channel -> channel : X

g_Z/dS (k) g (|k]) B|+hc} U_Z/d3kd3k’|a (K))VE 5(|K], |K')(B(E)]

Quark pair creation model (QPC): Effective Lagrangian: (exchanging p/w)

. L
9o B(|K|) = 1o B(|k|)e™ 287 L=Lppy+ Lyyy
\ = ig, T (8" P[P, V,]) + igy Tr(8*V*[V,,, V,])

P. G. Ortega, et al, truncate the hard vertices

A2 A2 2
Phys. Rev. D 94, 074037 (2016)  given by usual QPC Form factor: ( )
y (2016) g y <A2 n p?) A2 1 p? 3




D. mesons in quark model
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* Fit with updated masses with low-lying states away from thresholds,
* Qur fit is more consistent with observation.



Four near-threshold D, states in quark model

Transformation from physical bases to the heavy

quark limit bases

c5 cores / channel
B(?S*'L;)) | B(mass) « I
*,(2317) 24059 DK S
D31 (2460)| 0.68/' 1) —0.74PP) | 25115 DK [|D 4, = L®ly
— —0.9945 + 0.1344
. 1 3 x bg = |2 ® 2 )
DX (2536)| —0.74' P1) — 0.68]>P,)| 2537.8 D*K S, a = 13,8 3,

= —0.13¢s — 0.99¢4
DZ,(2573) ° Py) 2571.2 DK,D*K D

« Ds(2317) and Ds(2460) are much heavier than detected,
 The bare 1* states are almost purely given by the states with heavy-quark spin

bases.
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Connecting the lattice data

« Hamiltonian in finite volume with discrete momentum

Continuous [d and  |a(k,)) and  (B(k,)|a(k,))=0,,0(k, —kj)
Discrete 2(2%)3 and (2%)-3/2‘];“—]};>a and ﬂ<l€j,—lgj‘l€i,—l€i>a=5aﬂ5ij

H, = Z\B \+Z‘k —k> [\/m23+kj+\/m§M+kjL<I€i,—I€i‘
& 2(2%)”22[|k £), £ Bl B)e (R
+ZJ:(277L) ;‘ki"ki>a Vap ﬁ< k;,—k;
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Connecting the lattice data

« Hamiltonian matrix
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Fit the lattice data

Fit
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Lattice data from: C. B. Lang et al., Phys. Rev. D 90, 034510 (2014);
G. S. Bali et al., Phys. Rev. D 96, 074501 (2017)

h

B(mass) o)
D*,(2317) 24059 DK
D#(2460) 2511.5 D*K S, D

»

- Fit D4(2317,2460,2536)

- With fixed A = 1.0 GeV, x?/dof = 0.95

D% (2536) 2537.8 D*K S, D - ons

. i _ +1.1
D%, (2573) 2571.2 DK,D*K D v=10.3141 13




Component and pole mass ‘;

« Component

(Ho+Hp|¥) = E|¥)

W g) = Cy|B > + ) Y Cplkn)la(ky))

k=2

71'—’
Ln

Eigenvector wsssss)  Component

* Pole mass

In the infinite volume, the scattering T-matrix reads

V. o (k,q¢;E)Ty, g( k' E)
To, (ks k'3 E) = Va, p(k, ' B) + 3 [ qPdg=et gt oot

where the effective potential reads

9o B(k)g5 g (k')
FE — mpg

Vo,p(k, ks E) =)

B

+ VC;L,ﬁ(k, k).

T-matrix TR Pole mass
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Component and pole mass

L=4.57 fm Pole mass at L —» o

P(c3)|%)] ours exp

(2317) 32.075 ¢ 2338.9121 2317.8 £ 0.5
(2460) 52.4175% 2459.47%7 2459.5 + 0.6
*1(2536) 98.27102 2536.6702 2535.11 4 0.06
(2573) 95.91@ 2570.2t8f§ 2569.1 + 0.8

A. M. Torres, E. Oset, S. Prelovsek, and A. Ramos
JHEP 05, 153 (2015)

P(KD) = 72+13+5 %, for the D;;,(2317)
P(KD*) = 57+ 21+ 6 %, for the D,;(2460)
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Component and pole mass

50(2317)
D¢(2317) i
31(2460)
* Both the bare cs core and DK components are .
_ . +1(2536)
significant and essential.
52(2573)

D,(2460), D(2536)

 Dominated by ¢, and ¢, respectively; mainly couple with S- and D-wave D*K ,
respectively.

« Then significant mass shift happen to the bare core for D,(2460); c5 core and DK
components are significant.

« Almost a pure cs state for D;(2536).

Postdicted D, (2573)

« One cs(J¥ =2%) core in QM and D-wave DK & D*K channels.
« Almost a pure cs state.
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Pion mass dependence
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1. Molecule: tends to become larger with larger m,;.
2. Bare state (cs): be stable with larger m,.

3. Need more lattice data.
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Summary

» A new framework connecting quark model and lattice QCD is constructed.

» Components and pole masses of the physical D.(2317), D,(2460) ,

D.(2536) and D.(2573) are derived.

» Improve experimental data analysis! Such as B->DDK.

» This framework can be extended to study other state lying close to

thresholds, for example the exotic XYZ states.
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