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Motivation

Discovery of the P, states

State | Mas (Mev) | with (e
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P_(4457)* 4457.3+0.67F  6.4+2.0'%]
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Motivation

Discovery of the P states
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Discovery of the T state
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Motivation

Hydrogen molecule

Coulomb
QED 'O W potential
Hadronic Molecule
Boson
QCD Tce ( exchange
: potential
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Motivation

Hidden charm Open charm
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Meson-baryon molecular states:

Baryon-baryon molecular states: @
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Considered systems
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Theoretical framework

Cd uc cu ud c cu duC
\
T, Lf< P, Lf< == L
cu dc Cu wudc Cu duc
S-wave L = gsGSq + gaqyuy’ A*q, S =83\ + S14%,
interaction: g = (u,d,s) A = AEN + AN,

Vag = Gs ()'E}‘g + )\il)é) + Ga ()\Ef)‘g T }‘i}‘g) o1 03.

Viﬁ'ng]_{, — <[H1H2]{I ‘qu‘ H1H2]5I>
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Solvable Lippmann-Schwinger equation (LSE)

V(p.p") = Vi, 1,2 © (A —p) © (A —p')

. . d’q V(p',q)T(q,p)
TP p)=V(p, p)+j(27[)3 E-q*/2m, +ie

T (p',p) = B(E)O(A —p')O(A —p)

I/[Hlﬂg]f
1 — V[HIHQ]{IG

my

A
G = — {—A—I— ktan~! (k)] k = \/—ZmﬂE
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Theoretical framework

Vag = Gs (ATAS + ATAY) + Ga (ATAS + A1) o1 - 02

Potentials: Assignments:

_ 102 ~ 172

Vp, (4312) = 3 9 [ZcD1y);
10. 40 - ~x11/2
10. 20~ = 1/2

V, (4457)=—-—"¢§. - =— *
PC( ) 3 gs 9 ga [ZcD ]3/2
Three solved g, =11.739 Gev? A =0.409 Gev
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Reproduce the experimental masses

2022/8/9

Mass (Expt.) BE (Expt.) [Mass (Our) BE (Our)
T..(3875)" 3874.8 ~1.0 3874.5  —1.8
P.(4312)714311.9 £ 0.715% —8.9 (input) | 4311.9  —8.9
P.(4380)" | 4380 + 8 429 —6.2 4376.2  —9.1
P.(4440)" |4440.3 + 1.3%5 1 —21.8 (input)| 4440.2  —21.8
P.(4457)% [4457.3 £ 0.677 > —4.8 (input) | 4457.3  —4.8
P..(4459)°|4458.8 £ 2.97%7  _19.7 4468.1 —10.0

Give a good description to the masses of the observed states.

Neglect the corrections from the heavy degrees of freedom:
fairly good approximation.

Interchange the assignments of Pc(4440) and Pc(4457) can
not reproduce the masses of Tcc and Pcs.
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Other predictions

_ _ 1 | 1 _ _ _ _
System  [D*D*[{ [E:D*@ [E:D*]% [E;"D*]g [ECD]”% [E,_.D*]% [E;D]g EQD*]‘i
Mass 4009.75%  4501.3%57  451001)%° 45238727 43277783 ade8.1t]) 44367710 4564.971Y
BE —7.4%372 2541157 1597196 29137 ~8.97%% -10.0113 —9.4+79 22,5141
System  [E,D"1} (82015 [E2D71) (220715 (E:D%1} [y [EcEcl] [Z2200
Mass 45821118 4503.677) 46285780 4638.071L0 46513739 ag25.4793] 49039772 489431110
BE -5.21% —9.617% -26.07%°  —16.514° —-3.2+22 —-81.7713) -3.2122 -77.41107
System  [E.Z*]9 [Z.ZH] [Z.Z0) [ZF=F]] [ZXEf13 (215 [ [E.E 09
Mass 4931.9735° 49584770 49693713 50219738 s035.175. 49465787 4996.177%%  4933.113%
BE —-39.8735°  —13.3%37 —2.4133 —14.413% —12% -89.81162  —40at3% 5873
System  [E.E.1), [2.2:1°, (2,219 2.2 [E.E519 (222X} [E2E:13
Mass 50421737 5109.0730  s153.67¢ 52103739 s221713% s276.470% 52903700
BE —-6.2737 —6.4739 —4.03¢ —14.413¢ -3.07% -15673%"  —1.7190
— 5 8y 8 iy ~ 838 i \1
Vag = s (ATA2 +A13) + Ga (ATA +A105) 01 - 02
Isospin criterion: ;- =21 (I + 1) — Li(I; + 1) — [(I; + 1)]
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Other predictions
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Fig. 1 The variation of binding energies for the T}, T/, P.(4312),

cC? o ?
P.(4440), and P.(4457) states as their reduced masses increase. At
mg = myp, we have their bottom partners 7,,, TE:E:, [EbB]iﬁ,

[E;,B*]}ﬁ, and [EbB*];ﬁ, respectively
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Summary

 1.Propose a toy model to understand the
Interactions of the Pc, Pcs, and Tcc states.

 2.Reproduce the experimental masses of the
observed molecular candidates.

e 3.Predict some molecules in M-M, M-B, and
B-B systems.

* 4.0ur model suggests an isospin criterion to
the heavy flavor molecular states.
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