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HQSS in Decays

 Consider the process

𝜓(3686) → 𝐽/𝜓𝜂 & 𝜓(4160) → ℎ𝑐𝜂

 Requires the rotation (flip) of the spin of the heavy quark

 HQSS violation expected to be small

 Experimental info
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What is QCD of 𝜓(2𝑆, 1𝐷) → 𝐽/𝜓𝜂(𝜋0) ?

 Well-known formalism for hadronic transitions  QCD multipole expansion

 Multi gluon exchange  hadronize to light hadron(s)

 Gluons are supposed to be soft  wavelength much larger than 𝑄  𝑄

 Emitted light hadron are predominantly of lower momenta 
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Chiral Effective Lagrangians

 First simplification to QCDME  EFT of QCD with soft gluons

 Soft exchange approximation (SLA), limited momenta of gluon

 Assumptions

 𝑄  𝑄 is well separated to consider string-like

 light meson momentum not very large

 Successfully describe the transitions among lower quarkonia
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NREFT Formalism

 To incorporate the intermediate meson loops effects

 Find sizeable contribution from loops in

𝜓′ → 𝐽/𝜓𝜂(𝜋0)

 Non-perturbative effects, in principle, can also play role in the decays of 
higher 𝐽𝑃𝐶 = 1−− states

---------------------------

 For 𝜓(4𝑆, 3𝐷, 5𝑆, 4𝐷, 6𝑆, 5𝐷) → 𝐽/𝜓𝜂 𝜋0

 decay momentum lies in relativistic regime

 Potential need for a suitable theory which can incorporates the hadronic 
transition with large decay momenta
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Why 𝐽𝑃𝐶 = 1−− Charmonia ?

 𝐽𝑃𝐶 = 1−− have direct access @ 𝑒+𝑒− colliders

 Physics of production of 𝐽𝑃𝐶 = 1−−

is well-established

 Rich & Precise Spectrum

 Several non-conventional states

𝑌(4260), 𝑌(4360), 𝑌(4390), 𝑌(4660), …

 𝑌(4260)  We argued that it has sizeable component of 𝐷1 𝐷 molecule 
through 𝐷 wave coupling
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Effective Model

 Motivated by NJL model

 Coupling of heavy quark with light scalar and pseudoscalar d-o-f

 Modify four-quark vertex  two quark + light d-o-f

 < 𝜎 > and < 𝜂 > are SU(3) singlets

 Data is available for 𝜂 transitions of higher 𝐽𝑃𝐶 = 1−−

 Test the model for ψ → 𝐽/𝜓𝜂 ψ = 𝜓(2𝑆, 1𝐷, 3𝑆, 2𝐷, 4𝑆)

8

Overall Coupling 

Vanish at HQ limit 𝑚𝑄 → ∞



𝑆 − 𝐷 Mixing & Wavefunctions

 Standard mixing  used in literature to reproduce Γ𝑒𝑒

 𝜃 ≈ −10 ~ − 13 & 𝜃 ≈ +26 ~ + 30

 Large mixing such as 𝜃 ≈ 34 [Badalian, PAN (2009)] & 𝜃 ≈ 40 [Liu, PRD (2004)] is not 
favored by this study

 To compute overlap, wavefunctions is key ingredient  prefer SHO wf
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 Qualitatively, SHO wf

are same as true wf

 Useful in producing 

analytic results



Results (i)

 𝜓(𝑛𝑆) → 𝐽/𝜓𝜂 & 𝜓( 𝑛 − 1 𝐷) → 𝐽/𝜓𝜂

 For 𝜓(4160) & 𝜓(4415) only upper limits available
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Results (ii)

 𝜓(𝑛𝑆) → 𝐽/𝜓𝜂 & 𝜓( 𝑛 − 1 𝐷) → 𝐽/𝜓𝜂

 For 𝜓(4160) & 𝜓(4415) only upper limits available
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Results (iii); 𝛽 dependence 
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 For 𝐷 wave, destructive interference 

causes sizeable decrease in the width

Overlap of the red and blue 

curve is a coincidence 



Results (iv); 𝜃 dependence 

 Due to sinusoidal behavior, Γ could be the same for two different values of 

mixing angle
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Predictions (i)

 𝐽𝑃𝐶 = 1−− states 𝜓 3𝐷 ,𝜓 5𝑆 , 𝜓 4𝐷 , 𝜓 6𝑆 , 𝜓(5𝐷) are unknown
experimentally

 made initial mass depending predictions for 

𝜓(3𝐷, 4𝐷, 5𝑆, 6𝑆, 5𝐷) → 𝐽/𝜓𝜂

 Provide constraints on the mass of unknown higher vector charmonia

 upper bound
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Predictions (ii); 
𝜓(4160) → ℎ𝑐𝜂 & 𝜓(4415) → ℎ𝑐𝜂

 Coupling of spin-singlet 𝑃 wave lowest 𝑐  𝑐 with initial 𝑆 and 𝐷 wave 𝑐  𝑐
found to be much smaller than 𝐽/𝜓

 Also made predictions for initial mass dependence width for 

𝜓(3𝐷, 4𝐷, 5𝑆) → ℎ𝑐𝜂
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Assignment for 𝑌 States

 𝑌(4360) & 𝑌(4660) are observed at Belle in ISR 𝑒+𝑒− → 𝜋+𝜋−𝜓(2𝑆)

 Theoretical interpretations

𝑌(4360) 3𝐷 𝑐  𝑐 state

𝑌(4660) 5𝑆 𝑐  𝑐 state

 Assign 3𝐷 to 𝑌(4360) and compute 𝑌(4360) → 𝐽/𝜓𝜂

 Mixing is considered b/w 3𝐷 & 4𝑆

 Experimental measurement requires Γ𝑒𝑒 to get abs. Γ[𝑌(4360) → 𝐽/𝜓𝜂]

 Pick up quark model estimates for Γ𝑒𝑒[𝑌(4360)] for pure 3𝐷 & with 
admixture of 4𝑆
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Puzzle for me??? 



𝑌 Assignments: Results (i)

 Y(4360) → 𝐽/𝜓𝜂

 𝜓 3𝐷 assignment of 𝑌(4360) describes data well in all three cases

 𝑌(4390), a new state from BESIII in 𝜋+𝜋−ℎ𝑐, looking forward to have 
measurements on its hadronic transitions

 𝑌 4660 , for pure 𝜓 5𝑆 , 𝜃 = 0  larger width than corresponding exp. 

upper limit 
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Summary

 Motivated by NJL model, we developed an effective model to create light meson(s) in 
heavy quarkonium transitions

 With small 𝑆 − 𝐷 mixing among 𝐽𝑃𝐶 = 1−− successfully describe the corresponding 

available data

 Made several predictions for 

𝜓(3𝐷, 4𝑆, 4𝐷, 5𝑆, 5𝐷, 6𝑆) → 𝐽/𝜓𝜂 & ℎ𝑐(1𝑃)𝜂

 Studied spectroscopic quantum numbers for 𝑌(4360), 𝑌(4390) and 𝑌(4660)

 Based on the current exp. data, 𝑌(4360) is a potential candidate for 𝜓(3𝐷) in 

presented effective model

 Update is available from BESIII for 𝑌(4360) → ℎ𝑐(1𝑃)𝜂  study ongoing

 ψ → 𝐽/𝜓𝜋+𝜋− and ψ → ℎ𝑐𝜋
+𝜋− study also ongoing, stay tune!
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Thanks for Your Attention
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