Prediction of a 0~~ exotic state and its possible
detection

Teng Ji
Institute of Theoretical Physics, CAS

Based on T. Ji, X.-K. Dong, F.-K. Guo and B.-S. Zou, Phys.Rev.Lett. 129
(2022) 10, 102002

April 8, 2023
2023 BESIII Charm Physics Workshop

Teng Ji Prediction of a 0™ — exotic state and its possible detection April 8, 2023 2023 BESI



©® Background

® Framework

@® (-channel results

O u-channel considered

® Summary

Teng Ji Prediction of a 0™ — exotic state and its possible detection



Background
®0

Background

Conventional hadrons Exotic hadrons

2 e 8P @Y

baryon tetraquark pentaquark hadronic molecule
o éi? }
meson glueball hybrid

¢ Exotic quantums number such as J7¢ =0=~,07—,17*.
* Some of 1~ have been observed such as 1 (1400), 71 (1600), 771 (1855).
® No 0™~ has been observed yet.
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° 1(4230), which is called Y (4260) previously, is a good candidate of hadronic
molecules of 17~ DDx.

® Under HQSS, D and D* belong to s, = 1/2 multiplet, D1 and D, belong to
s¢ = 3/2 multiplet.

® According to the experimental data:
M (4360) — Map(4230) = MpD* — MD,
My (4415) — My (4360) ~ MpD5 — MD; -

° Itis natural to treat ¢/(4360) and (4415) as hadronic molecules of 17~ D*Dy
and D* D, respectively.
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Table 1: The hadronic molecules considered in this work and their possible experimental candidates. The
masses with 1 are the experimental values of their candidates.

Molecule Components JT¢  Candidates  Mass (GeV)  Ep MeV
¥ (4230) Z5(DDy — DDy) 17~ $(4230)  4.220£0.0157 67 +15
¥(4360) | —5(D*Dy— D*Di) 177 $(4360)  4.368 £0.0137 62+ 14
$(4415) | S5(D"Dy — D*Dy) 177 P(4415)  4.421+£0.0047  49+4

¥0(4360) | —o5(D*Dy —D*Dy) 07~ - - -

* 1(4230),(4360) and »(4415) as inputs to predict the existence of ), (4360).
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Figure 1: Feynman diagrams for the P, V-exchange potential. We will only consider t-channel firstly.

AV P
C M= T et cvBY + cpBE. cv and cp for renormalization.
° Vy= 1\/7/\/11] « e~7/2” taking it into LSE to obtain Ejp_ ;.
o (2= Boi—Fen i) *  minimizing 12 to obtai A
X =%, (P22 ), minimizing x” to obtain proper cv, cp, A.

¢ Predicting the properties of 1, (4360).
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Figure 2: The best fitting for the single-channel (left) and coupled-channel (right) cases whose cy =
0.50, cp = 0.18
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Figure 3: lllustration of three-body cuts (vertical dotted lines) and the cuts encountered in the D* D, system.

Table 2: Pole positions relative to the D* D threshold in units of MeV with ¢y = 0.50, cp = 0.18.

System 17 0~
t-channel —63.5+13.8 —72.4+17.4
gs gso gs1 gs0 gs1
Cs —61.5—3.5¢ | —61.5—9.2¢ —70.0 —3.5¢ | —70.0 —8.9¢
C1&Co —65.8—6.6¢ | —73.1 —14.2¢ | —65.8 —0.307 | —59.4 — 1.1¢

We predict m,,, = 4366 + 18 MeV and I',, < 10 MeV.
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Experimental search

The only channel for 1,(4360) production in e™ e~ annihilation at /s ~ 5 GeV is
P-wave 11 (4360).

Hard to be distinguished from 73(4360) with only invariant mass distribution of,
e.g., DD*.

Angular distribution is necessary.

e efem =" = n(p1) + to(p2)
Mo oce(v") - q (1)

o efem =y = n(p) + ()
M o eapyse® ()P () P7¢° (2)

where P = p1 + p2, ¢ = p1 — p2.
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Experimental search

* Polarizations of v* from et e~ are m = £1, and m = 0 is suppressed.
® Sum over initial and final polarizations we have
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Figure 4: Angular distribution of et e~ — nYoy- 0 is the angle between the outgoing 7 and initial ete”
beam.
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* Exotic D* D; molecules denoted as 10(4360) has been predicted from
t-channel meson exchange.

* Contact terms are determined by reproducing the experimental values of
1(4230), 1(4360) and v(4415) binding energies.

* Coupled-channel effects are found negligible.
* 3-body effects to the D* D; molecules are investigated.

* The effects of u-channel = exchange will change the binding energy by
< 10 MeV, not change the qualitative conclusions.

* 40(4360) can be searched for in the D* D* final state in e™e™ — 1Yo — nDD*
and it is distinguishable from e* e~ — ) — nDD*.

Thank You!
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