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Charmonium spectrum
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Background

Question: How Is a hadron composed of these
possible components?

_ _ Colorful - quark level
strong Interaction —

Colorless > hadron level
N —

A more comprehensive framework for systematically describing hadrons

quark level && Not only one, at least
hadron level. a set of hadron
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Z¢(3900)

BESIII: e*e - J/ymtn~, PRL 110, 252001 (2013)
Belle-Il: e*e™ > J/ym+n~, PRL 110, 252002 (2013)
CLEO-c: ete™ - J/yn®n®, PLB 727,366 (2013)
BESII:  ete- — (DD*)¥mt, PRL 112, 022001 (2014)
PRD 92, 092006 (2015)
BESIII: ete™ »n.ptn®,  1JMPA 33, 1830018 (2018)
Belle-l:  B° > J/ym*K~,  PRD 90, 112009 (2014)
LHCb: B > J/ymtn™, PRD 90, 012003 (2014)

LHCb: BY - y(nS)mtK~, arXiv:2403.04051 [hep-ex].

Compact tetraquark states [12-16]
DD* resonances or virtual molecular states [17 - 27]

Cusp effects [28]
Non resonant mechanisms [29, 30]
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The lattice calculation of Zc(3900)

[1] Prelovsek, Leskovec, PLB 727, 172 (2013) [4] Hadron Spectrum, JHEP 12, 89 (2016)
[2] Prelovsek, Lang, Leskovec, Mohler, PRD 91, 014504 (2015) [5] Y. Chen et al., PRD 89, 094506 (2014)
[3] Sadl,Collins,Guo,Padmanath,Prelovsek,Yan 2406.09842 [6] Liu, Liu, Zhang, PRD 101, 054502 (2020)

[7] CLQCD Collaboration CPC 43 103103 (2019)
[1] using 7] /4 and DD* meson-meson interpolators at m,, ~
266 MeV.
[2] included additional meson-meson and diquark-antidiquark
interpolators in the simulation.
[3] combine with experimental data by rtJ /4 and DD* two
channel EFT they extract several poles around 3900 MeV.

[4] found that compact tetraquark operators
had minimal impact on finite volume spectra at
m, ~ 391 MeV

[5, 6,7] using meson-meson interpolators at
three different m, values, none of these studies
identified a clear candidate for the Zc state.

[8] HAL QCD, PRL. 117, 242001 (2016) [9] HAL QCD JPG 45, 024002 (2018)

[8, 9] extracted the mJ /3 — D D* — pn, coupled-channel potential and reproduced the experimental line shape.
But they concluded that the Zc state is better understood as a threshold cusp rather than a conventional resonance.
The off-diagonal channel-channel interactions play an important role.
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Formalism-Three-body Coupled channel model

Three channels DD*, | /ym, n.p
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Heavy Quark Symmetry
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Formalism-Feynman digrams

(d)

_ i 7 s _
LYDlD = —9vy DD KDID" EYW?TJ/?L‘ —

rt (818]' — %525”) 7T_‘| + (7T+ PR TT_)

D _ D ahe
EYﬂ'ﬂ'.]/u’: = ij/u:«yﬁf'g

E;ﬂ'DD* - C%D”‘ Y’i‘lf/,‘.’,i (DOD*_ L D—D*D) 7T+,
5 . 2hs i kit a0 —
Lhypen = ’lW(Df D§9%r~),
21 s L
EB1D*7.- = —\/%? (DleE)HTaZﬂ_— . SDTT,DSJTa,zajﬂ_—)

University of Chinese Academy of Sciences m W




-
@ D
ﬂ+
D—lo
. o
0
© P

T
S COE
ﬁ”%”%’” ¥ I Y’qub ‘Mprvc
) B (w:WJ/ﬂfr.[DD*]
. -

Formalism-Feynman digrams
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2. How is the contribution of Kinematical effect
from Triangle loop ?

3. How is the contribution of the re-scattering T
matrix ?
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Data Fit-Two-body Loop
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Since the scattering(Fig.b)
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Data Fit- Kinematical effect from

+
nt n (b)
o
D"* Y D 30
z %
= A
DO EE 3™
(El) & K]
& a g
+
Y
Dy
1
o -
D | { | ] [ | = [ H
3400 3950 4000 4050 3900 3950 4000 4050 4100
[y (MoV) Jip (MeV)
+ + +
7 n T (a) (b)
; — full 200 || s firll
. iy v w | e
. ex data s
I ¥ Y I/ L'g —— = triangle diagrams o diagrams
pointlike  bubble disgrams -like - bubble dingrams
===== polynomial 50| |- polynomial
= 00 =
T -
=
© : =
C 00 - g
= z
= S
LU 50
Jie
i - 0
300 A0 3800 1000 3
5 o (MeV oo (MeV]

Triangle

= full
=¥=S wave
[====1) wave

loo

——full
<8-S wave
====D) wave

I I I preseemms L L L 1
3900 3950 4000 4050 3900 3950 4000 4050
Spip (MeV) ¥ Sp'n’ (Mev)

|
=
|
|
|
1

3!

" .-
4000 3300

L L L L L
3300 3400 3500 3600 3700 3800

o (MeV)

900

. . |
3600 3700 3800 3900 4000

S5 AMeV)

3400 3500

The Kinematical effect from Triangle loop plays the role, but not full reason !
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Data Fit- re-scattering T matrix
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The threshold
cusp Is clear,
which should
play important
contribution for
the peak!

T e Dy ﬁ




Pole Position

n N * Resonance | Pole Position | Type |Scheme(A,TJ/ )
Three channels DD*, J/ym, n.p _ | | - e
(Mass’ Wldth, pole 3798.72 - 1.10% RS 1(1.3GeV)
.. i 3798.46 - 1.71i 1(1.5GeV)
H — H 0 -+ H | position, coupllng) This work| 3798.12 - 2.26i | Virtual 1(1.7GeV)
3798.27 - 2.02i 2(1.5CeV)
_ 3797.80 - 2.64i 2(1.7GeV)
V= Z | a(ka )> Va:ﬂ <’B(kﬂ) ‘ Ref 379873 Virtual
a,p ef. [25] 3902(6) — 38(9)i |Resonance
. . H kS Ref 38317127 Virtual
DD* — DD* eavy Quar ymmetl’y N ’f' 3894(6;8—7630(13)“& R%:?ona.nlce
. . . f. : irtua
The interaction determined by Tcc Rof 4570 Virtual :
o D D D* Ref. 3872 Virtual
b ‘ H E FT Ref. 3880(3) - 13(1)i |Resonance
w/plw plw Ref. 3884 - 22i Resonance
| Ref. 3840 Virtual
D D* D D”
DD* - J/Ym,n.p A bit far away from the Zc(3900),
I I e e o thus, from this calculation, we
/D" D /D" interpolate the peak around 3900
| T matrix Lattice is not from an physical state!
D D* D

|D" 5 |D* b D* (phase shift, spectrum
IneIaSC|ty)
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Finite volume spectra

3960 -~

Three channels DD*, | /ym, n.p Resonance e T N e
(Mass, width, pole MO — o A e W N
H = Ho + H| position, coupling) w0 | TN e
3000 ' e SN
V = Z|a(ka)>va,ﬂ <ﬂ(kﬂ)‘ %3880 _ \0\\ ‘
a,fp ° - el
DD* — Dp* Heavy Quark Symmetry N
The interaction determined by Tcc R e
l_)*‘ e D D o D* H EFT 3820 500 555 ”s:g 375 100
| The points are all close to the free
D D* D D* energy, which is also consistent
DD* - J/ym,n.p with existed lattice data, and also
o consistent with our interpolation of
O A T L the peak structure.
/ | - | o | T matrix L attice
. A P REE D" (phaseShilt spectrum The method please
Inelascity) see Kang Yu’s Post!
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Summary

We build a three channels model for Zc(3900).

We symmetrically analysis three reactions, and nice describe
the invariant mass spectra of DD*, J /Yy, n.p.

We find that the peak around 3900 MeV could be explained as
threshold cusps mainly because of triangle loop.

The kinematical effect from triangle loop just enhance the cusp
from the re-scattering T matrix from the three channels model.
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Outlook

Weak Point
« Unknown Background !
« NoY —DD*andY — J/y X contribution !
--- Three body unitary model ?
--- To0 many parameters ?
--- More experimental data and Lattice inputs !

By using the current model, we want to
analysis more data at different energies.
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Thanks for attention
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