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Main transition and decay processes  of charmonium 
 (e.g.  y(2S)) 

A) Radiative 
    transition 

B) Hadonic 
    transition 

F)  Leptonic  
     decay 

c) EM  
    decay 

D) Strong 
     decay 

E) Radiative 
    decay • & Others 
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1. Radiative transitions are sensitive to inner structure  of hadrons ;  
2. E1 transition is well measured in general, but still no one model 

explains all the exp. results. 
 

Eur. Phys. J.491 C76, 601 (2016) 

NR and relativized Godfrey-Isgur model  are quoted as (a) and (b) 

• Due to  higher order contributions?  
• The charmonium Dalitz decay (e.g. y(2S)eeccJ  ) can 

provide q2 EM transition dependent form factor (TFF)  

Radiative transition 
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• In the M1 transition, obvious differences between exp.  
and theory.  It is experimentally difficult.  

• Results from KEDR ( with inclusive analysis 
method) 

 
• Results from BESIII (exclusive analysis) 
       using PWA, in process (will not show in this talk) 

   NR(keV)    GI(keV)   LQCD (keV)  PDG(keV) 

G(y(1S)ghc  )    2.9   2.9   2.64(11)       1.58 

G(y(2S)ghc  )    4.6    9.6   0.4(8)       1.01 
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y’cc0 

y’cc1 

y’cc2 Cc1gJ/y 

Cc2gJ/y 

y’cc2 
y’cc1 

y’cc0 

Inclusive:    y(2S)gX 
Exclusicve: y(2S)gccJ, ccJ2/4 prong 

Inclusive  

Exclusive 

Simultaneous fit to the inclusive and exclusive g distribution 

Updates of y(2S)gccJ  at BESIII 
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With 106 M y(3686) 



Updates of y(2S)gccJ  cont. 
 

 

New results are consistent with previous measurements, 
but more precise 7 



Higher order multipole? 
106 M y(3686) 

cC1 

cC2 

Analyzed the high statistic & low 
backgronud cc1,2 

using five helicity angles in the FS. 

y(2S)ccJ, ccJ g J/y  

Phys. Rev. D 95, 072004 

8 



PRD 95, 072004 

PRD 84,092006  

Similar analysis  was performed using ψ(2S)→γχc2→γππ/γKK 
M2=0.046±0.010±0.013 (4.4s)   

a2
1,2 (after) the normalized M2 contribution for cc1,2g2J/y 

b2
1,2 (before) the normalized M2 contribution for y’ g1 cc1,2 

The stat. signif. of non-pure E1 transition is 24.3s for cc1; 13.4s for 
cc2; and M2 is significant. 
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Yes. M2 component is significant. But this effect only 
changes the measured BF slightly. 



Major background:  
y(2S)→ 𝛾𝜒𝑐𝐽, 𝜒𝑐𝐽 → 𝛾𝐽/𝜓, 

where one photon has conversion 

 y(2S)→ 𝐞+𝐞−𝛘𝐜𝐉, 𝛘𝐜𝐉 → 𝛄𝐉/𝛙,  𝐉/𝛙 → 𝐞+𝐞−/𝛍+𝛍− 

 y(2S)→ 𝛄𝛘𝐜𝐉, 𝛘𝐜𝐉 → 𝐞+𝐞−𝐉/𝛙,  𝐉/𝛙 → 𝐞+𝐞−/𝛍+𝛍− 

The reconstructed  e+e- vertex 

The Dalitz  plot after selection 

Beam pipe MDC inner wall 
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Invariant mass 
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Q: M(e+e−) 

Note: The simulation assumed 
a point-like meson 

Angular dist. 

𝛼𝜓′→𝑒+𝑒−𝜒𝑐1
= −0.6 ± 0.2  

𝛼𝜓′→𝑒+𝑒−𝜒𝑐2
= −0.9 ± 0.3 

𝛼𝜒𝑐1→𝑒+𝑒−𝐽/𝜓 = 0.0 ± 0.2         

 𝛼𝜒𝑐2→𝑒+𝑒−𝐽/𝜓 = 0.5 ± 0.2  

The comparison of data (dark) and MC(red) 

Top : y(2S)gc; bottom: cgJ/y 

Left:  for cc1 ; right: for cc2 
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KEDR results on J/y ghc 
— using inclusive photon spectrum 

arXiv: 1406.7644 (2014) 

The results are consistent with the 
latest lattice QCD prediction. 

Firstly,  they find the interference effects 
 small in inclusive 
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The results from BESIII  
inclusive decay are ongoing. 

X=w/w0 , g  and f are resonant and non-res phase 



Decays (to light hadrons) 

To understand the 
charmonium decay dynamics 
 
 
Test the 12% rule 
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The 12 % rule 

• Qh=
𝐵𝐹(𝑝𝑠𝑖(2𝑆)→ℎ)

𝐵𝐹(𝑝𝑠𝑖(1𝑆)→ℎ)
=  

𝐵𝐹(𝑝𝑠𝑖(2𝑆)→𝑙𝑙)

𝐵𝐹(𝑝𝑠𝑖(1𝑆)→𝑙𝑙)
 = 12% 

PRL34,43 
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Test the rule  

1. VP mode: e.g. rp, K*+K-, k*0K0, wp0 

2. PP mode: e.g. KSKL, K
+K-, p+p- 

3. BB mode: e.g. ppbar, LLbar 

4. VT mode: e.g. K*K*2, ff2’, ra2 ,wf2 

5. 3 boby: e.g. w ppbar p0
,  pph, p+p-p0 

6. Multi-body: e.g. KSKShh, p+p-p0K+K-, pppppp 

Extensive study has done by BESII/CLEO  

Some modes are suppressed, some are 
enhanced, while some others obey the 12% rule! 
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BESII : PLB614, 37 (2005);  PRD73, 052007 (2006) 
CLEOc: PRL94, 012005 (2005) 
BESIII: arXiv:1202.2048 

J/y, y(2S) VP  

 

mode 

BESII/III 

B(y’)(×10-5) 

CLEOc:  

B(y’)(×10-5) 

PDG/BESIII 

B(J/y)(×10-4) 

B(y’)/B(J/y) 

(%) 

rp 5.1±0.7±1.1 2.4+0.8
-0.7±0.2 169±15 0.30±0.04 

p+p-p0 21.4±0.3±0 .8±0.9 18.8+1.6
-1.5±2.8 21.37±0.04±

0.58±0.27 
1.00±0.06 

K*0K0+c.c. 13.3±2.7±1.7 9.2+2.7
-2.2±0.9 43.9±3.1 3±0.6 

wp 1.87+0.68
-0.62±0.28 2.5+1.2

-1.0±0.2 4.5±0.5 4±1.6 

rh 1.78+0.67
-0.62±0.17 3.0+1.1

-0.9±0.2 1.93±0.23 9±3 

rh’ 1.87+1.64
-1.11±0.33 - 1.05±0.18 18±16 

fh’ 3.1±1.4±0.7 - 4.0±0.7 7.8±4.1 

wh <3.1 <1.1 17.4±2.0 <0.53 

wh’ 3.2+2.4
-2.0±0.7 - 1.82±0.21 18±13 

17 From Changzheng’s talk 



 y(2S)KKp0 :  PWA is performed to 1158 KKp0 events  
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 y(2S)KKh 
2D fit to M(KK) vs.M (gg)   

M(gg) 

M(KK) 

0.48<M(gg)<0.6 GeV/C2 

(a) f(1020) 
(b) f(1850) and f(2170)                        
dark dash: fh; red dash: hKK 

BESIII PRD 86, 072001 
Base on 106M y’ 
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BESIII 
PRD 96, 052003   

J/y & y(2S)gp0, gh & gh’ 

M(p+p-h) 

M(gg) 

M(ppp) 

y(2S0gh’ 

y’gp0 

y(2S)gh 

Mode B(y(2S)) [x10-6] B(J/y) [x10-4] Q   (%) 

gp0 0.950.17 0.350.03 2.7 0.5 

gh 0.850.18 11.040.34 0.08  0.02 

gh’ 125.16.6 52.81.5 2.4  0.1 20 



Multi-body y’ decays BESII: PRD71, 072006 (2005) 

CLEOc: 
PRD72,  
051108 
(2005) 

BESII, PRD73, 052004 (2006) 

CLEOc: PRL95, 062001 (2005) 21 

BESIII PRD 89 112006  

QwKK=                                      = (18.4 ± 3.7) 
B(J/ywK-K+) 

B(y(3686)wK-K+) 



BF(y(2S)KSKL) 

BF(J/yKSKL) 
Qh  =                                   = (27.2±3.5)% 

BF(y(2S)  KSKL)   
 (5.24± 0.47 ± 0.48 )  10 – 5 
BF( J/y  KSKL) 

 
(1.93 ± 0.01 ± 0.05 )  10 – 4 

PRL 92, 052001;  PRD 69, 012003   

PRD69,072001 

PRL 83,1918;PRD 67,52002 

PP: J/yKSKL 

BSEIII:1.3X109 J/y 
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BB mode 



ccJ decays 

Cannot be well described by the  color-singlet 
contribution alone, although this works well in 
explaining  S-Wave  charmonium eg. the J/psi, 
psi(2S) decays  
 
With the inclusion of  the color-octet mechanism, 
the calculations of ccJPP, BB  come into more 
reasonable agreement with the experimental 
results, but with exceptions 
 
Measure more decays. 

_ 
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S0S0 S+S- 
_ _ 

448My(2S) 448M y(2S) 
106M y(2S) 

PRD 87, 032007 

arXiv:1710.07922  
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Radiative decay 

• Old results 

• y(2S)gp0/ gh/gh’ 

• hc gh/gh’ 
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                  y(2S) radiative decays 
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Take from Changzheng’talk 



𝝍 𝟐𝑺 → 𝜸𝜼′(>12s) 𝝍 𝟐𝑺 → 𝜸𝜼(7.3s) 

𝝍 𝟐𝑺 → 𝜸𝝅𝟎(6.7s) 

prediction Old  Results this 
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                  y(2S) radiative decays cont. 

BESIII has observed  the signals for 

With 448 y(3686) 

 PRD  96 , 052003  



 ℎ𝑐→ 𝛾𝜂′, 𝜂′ → 𝜋+𝜋−𝜂,     
    𝜂 → 𝛾𝛾 

  ℎ𝑐 → 𝛾𝜂′, 𝜂′ → 𝛾𝜋+𝜋− 

  ℎ𝑐 → 𝛾𝜂, 𝜂 → 𝛾𝛾 

  ℎ𝑐 → 𝛾𝜂, 𝜂 → 𝜋+𝜋−𝜋0 

ℬ 𝜓′ → 𝜋0ℎ𝑐 = (8.6 ± 1.3) × 10−4 

hc~0.4M 

Reconstruct by 
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           Radiative decays cont. 
448M y(3686) 



 Search for rare decays 

UL:  1.6x10-6  @ 90% C.L.  

arXiv:  1802.04057 
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BESIII analyzed 448M y(3686), 
found no signal candidates 

y’LCpe+e- with LCpK-p+ 
_ + + 

PRD 87 112007 



Summary  
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• Much knowledge has been gained in 
the past years; BESIII is producing 
more results, be patient. 

 

• Some channels are statistically 
limited; need more data and better  
analysis techniques, a higher 
luminosity machine is desired. 

 

 



𝝍′ → 𝝅+𝝅−𝑱/𝝍, 𝑱/𝝍 → (𝜸𝑭𝑺𝑹)𝒍+𝒍− 
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