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Background: Beyond Quark Model
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Background: Bare state + Coupled channel
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NPHF: bare state + hadron channel
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Conclusion: Me = aeele]
D'y(2317)}DK i -
D_,(2460)-D*K wave  Mp = el (quq — 25)

D¢,(2460): 9s > gp

Mass moving vs Gl Model

arameter D,,(2536)-D"K D41(2536): % = 0.08 2™
PA & \f}} S 5707 (c) Al; AZ; gK* 51( ) i D'Wave Sl( ) Jp
1 e -10_0.04 DSZ(2573)-D( )K
Az [GeV] 0.5 (fixed) LHCb, JHEP g5 _ (1 0.7
gic: 553255 Mass stable vs Gl model 10(2023) 106 90
¢ [Rad 378505 Elegant model.
1 21575; .
ra —9.0%L 1. We successfully combine two D, states together.
e - 2. Various free parameters are combined together.
x/dol. e 3. We seriously consider the T matrix of Dy — DK scattering. 20
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(a)

Parameter
A1 [GeV] 2181557
Az [GeV] 0.5 (fixed)
grcr 55.319%
¢ [Rad] 3.7810.36
1 215754
T2 -9.0753
my, [MeV] 519130
Iy, [MeV] 242138
x%/d.o.f. 1.43
E, [MeV] |2288.47137 —89.670%i
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=0,V,+V, <0
LV,=V,~0 D D
T=01-V6)'V
- detT™! x (1 =V%GpkGp. )

)

V+0

(b)
Control the value of cut

off will adjust the effective
potential.

D, 7 T Va ) 4 G?aﬁ:E
Taﬁ(ﬁ:ﬁ;E)=Va5(p,]5';E)+Z/d ~ (D, @ E) T s( )
v —\/m%1+q —\/m2, + ¢* + i€

g+ (= +px) - (Pp, + PD) ( A7 )

(pr — PK)? — Mm% Af +pi A% + 3

For DK, effective potential is VZGDSn
For D, effective potential is V2Gpy

Y =
Elegant model.

1. We successfully combine two D, states together.
2. Various free parameters are combined together.
3. We seriously consider the T matrix of D¢t — DK scattering. 21
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Event number/(0.008 GeV)
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1 C ]
B [ ] . .
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0 ;L. + =
sk ; m(m m~) > 0.45 GeV ,
: ] the two-peak structure
030 ;. .
. 3 ] .
| ' : | T e =R W1llappear,
210 215 220 225 230 2.1 22 2.3

m(Dnt) (GeV)

m(Di ) [GeV]

2.2 2.3 2.4

m(Dtn*) (GeV)
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Summary

The strong Interaction involves physics at two distinct levels and Is
extremely complex.

We introduce the NonPerturbative Hamiltonian Framework (NPHF)
approach, which connects the quark-gluon level to the hadronic level via a
bare state, establishing a coupled-channel model with varying numbers of
hadrons to achieve a comprehensive understanding of hadron properties.

Using lattice QCD data, we explain why the masses of D,(2317) and
D.1(2460) are lower than predictions from conventional quark models,
while those of D, (2536) and D, (2573) agree well.

It further elucidates the D.,(2460) — D.mm, reveals the existence of the
T, state, and predicts the D¢, (2536) —» D .
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