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Motivation:
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Figure: The observed charmonia with the corresponding first observed year. Here,
the DD threshold is also given.
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Motivation: Structure at 4.22 GeV
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Figure: The measured resonance parameters of Y(4220) in hidden-charm

processes eTe™ — J/yYmTr, ete” — horTwT, ete” — xcow, and
ete™ — 1(3686)m 7~ BESIII.
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Scenario

Scenario: Y(4220)

We consider spectrum of 1)(1~ ) states above 4.2 GeV. There is one at

4415 MeV. (Yuping Guo (Sat morning) mentioned complexity of
charmonium spectrum.)

@ Regard Y(4220) as 1(4S) and scaling point above 4 GeV
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Scenario: Y(4220)

We consider spectrum of 1)(1~ ) states above 4.2 GeV. There is one at
4415 MeV. (Yuping Guo (Sat morning) mentioned complexity of
charmonium spectrum.)

@ Regard Y(4220) as 1(4S) and scaling point above 4 GeV
@ Reproduce Y(4220) by modified GI model: 4274 MeV
Consider mixing with ¥(3D): 4334 MeV

Predict ¢(3D) as 1(4380)

Discrepancies can be explained by 4S5 — 3D mixing
Consider another 1)(4415) and regard this ¢(55)

Mixing between ¢(5S) and ¢(4D)
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Formulation

Formulation: modified Gl model

How to obtain mass spectrum of ¢)(1~7) is as follows.

© The interaction between charm quark and anti-charm quark can be
expressed by the Hamiltonian:

A= (P +m2)% + (0 + m2)* + Vgt (p, 1),

: h
with Veg(r) = Hea™ + H2P + HSQ
@ Smearing potentials:

5(1/6() = [ d¥'nte ~)S()/G(). (1)

© Further relativistic effects on Vg

1/2+E,‘ 1/2+€,‘
"~ mecme "~ mcmeg
- () o ()
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Formulation

Motivation: Numerical values of ¢)(nS, nD)

State  Mass Expt. [9] State Mass Expt. [9]
n(1'Sg) 2981  2983.9+0.5 | w(1°Dy) 3830 3778.1+1.2
W(13S1) 3096 3096.9+0.006 |¢(13Dy) 3848 3822.2+1.2
7:(2'S) 3642 3637.6x12 | ys(1°Ds) 3859

W(23S)) 3683 3686.097+0.01|n.(2'Dy) 4137

n:(3'Sy) 4013 W(2PD)) 4125 4159420
W(33S,) 4035 40391 U2(2°Dy) 4137

n(@41Sy) 4260 Y (2D3) 4144
[p@s) 4274 423048 ||na(3'Dy) 4343

7.(5'Sy) 4433 [w(3D)) 4334
[y(s’s,) 4443 [\ v,(3°Dy) 4343

he(1'Py) 3538 3525.38+0.11 |w3(33Dy) 4348
Yo(13Pg) 3464 3414.71+0.3 |no(4'D,) 4490
xa(13P) 3530 3510.67+0.05 | w(4°D,) 4484 .- |

Figure: 45-3D mixing in red and 55-4D mixing in green.
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Validity: Y (4220)

@ Mass spectrum: 1(43S;) 4274 MeV via modified GI model.
Difference of mass from 4220 is due to mixing with 1(3D)

T. Matsuki (Tokyo Kasei University) Spectroscopy of the J/1 family including chz Aug. 18, 2019 8 /14



Validity: Y (4220)

@ Mass spectrum: 1(43S;) 4274 MeV via modified GI model.
Difference of mass from 4220 is due to mixing with 1(3D)

@ Branching ratios:

B[y (4S) — DD] = 9.39%,
B[)(4S) — DD*] = 0.347%,
B[y (4S) — D*D*] = 871.7%,
B[)(4S) — D;D;] = 7.13 x 1072%,
B[)(4S) — D;DI] = 2.50%,
B[)(4S) — D:D:] = 3.38 x 1072%
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Validity: partner of Y(4220): (3D) = 1(4334)

Branching ratios: DD is dominant for decays of )(3D)

B[y(3D) — DD] = 36.8%,

B[y(3D) — DD*] = 4.68%,
B[y(3D) — D*D*] = 32%,
B[y(3D) — DsDs] = 3.33 x 1072%,
B[¢(3D) — DsD}] = 1.22%,
B[y(3D) — DD} = 0.583%,
B[)(3D) — DD;(2420)] = 7.65%,
B[(3D) — DD1(2430)] = 16.4%,
B[)(3D) — DD3(2460)] = 0.235%,
B[)(3D) — D*Dy(2400)] = 0.408%.
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No validity: 1)(4334)
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Figure: The experimental data of the open-charm channels
ete” — DD; — D°D~7" (upper panel) and ete™ — D°D*~x+t (lower panel).
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Validity: ¥(4S) — ¢(3D) mixing

Mixing solves all the problems.
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Figure: The yellow for Y (4220) and the cyan for ¢)(4380), respectively, where the
dashed horizontal lines in bands corresponds to each average value.
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Validity of our assumptions

Validity: 4R fit to ete™ — 1/(3686)7" 7~
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Figure: Hint of existence of 1(4380) Fit to ete™ — 1(25)rt 7~ reaction in the
Fano-like interference picture under 3R and 4R (¢(4160), Y'(4220), +(4380), and

4415)) fit schemes.
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Conclusions and summary

Conclusions and summary

Construct J/1) family above 4.2 GeV with S — D mixing

e Calculate mass spectrum of Y(4220) and /(4380) and regard them
as longtime missing M(1(4S)) = 4274 and M(y(3D)) = 4334 MeV
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Conclusions and summary

Conclusions and summary

Construct J/1) family above 4.2 GeV with S — D mixing

e Calculate mass spectrum of Y(4220) and /(4380) and regard them
as longtime missing M(1(4S)) = 4274 and M(y(3D)) = 4334 MeV

@ 45 — 3D mixing solves mass discrepancies
e Mixing also solves large decay width of ¢)(4380) — DD;(2460) (small
¥(3D) — DD3(2460))
Other results:
e Predict ¢(3D) as 1(4380)
Regard 1)(4415) as 1)(5S) with mass 4443
e Consider mixing between (5S) and 1(4D)
@ This solves mass discrepancy of 1/(55)
@ Predict M(¢(4D)) = 4500 MeV
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Conclusions and summary

Thanks for your attention

Thanks for your attention!

Guilin
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