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• Since the discovery of 𝜓(3770), it is a long-standing puzzle in 
understanding of 𝜓(3770) production and decays.

• Discrepant results of 𝜓(3770) parameters are observed.
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Introduction



Introduction

• The 𝜓(3770) resonance is the lowest-mass charmonium resonance 
above the 𝐷 𝐷 threshold.

• It has been popularly interpreted as a mixture of dominated 13𝐷1
and small 23𝑆1 state.

• If the 𝜓(3770) is really a pure 𝑐  𝑐 bound state, the potential model 
expects that more than 99% of 𝜓(3770) decay into 𝐷 𝐷 final states. 
But …
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From PDG



• BESII observed the first non-𝐷 𝐷 decays

of 𝜓(3770) to 𝜋+𝜋−𝐽/𝜓 in 2003.  

• Then CLEO reported  more exclusive 

non-𝐷 𝐷 decays of 𝜓(3770):

– 𝜓(3770) → 𝜋0𝜋0𝐽/𝜓

– 𝜓(3770) → 𝜂𝐽/𝜓

– 𝜓(3770) → 𝛾𝜒𝑐0,1

– 𝜓(3770) → ϕ𝜂.
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• CLEO-c also measured 𝐵𝑅 𝜓(3770) → non−𝐷 𝐷 :

– Without interference: ~7%

– With interference: (−3.3 ± 1.4 𝑠𝑡𝑎𝑡 + 6.6 − 4.4(𝑠𝑦𝑠))%

– Upper limit with interference: 𝐵𝑅 𝜓(3770) → non−𝐷 𝐷 <9% @ 
90%CL
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• Even though both collaborations did made huge efforts in 
searching for non-𝐷 𝐷 decays modes of 𝜓(3770), the sum of 
the exclusive non-𝐷 𝐷 branching fractions is less than 2 %.

• BESII measured branching fractions of 𝜓(3770) to non-𝐷 𝐷:

– 𝐵𝑅 𝜓(3770) → non−𝐷 𝐷 = 14.7 ± 3.2 %

• Clarify difference  need to search for more exclusive non-𝐷 𝐷
decays modes .

Introduction



BEPCII Collider
– Symmetric 𝑒+𝑒− collider, double-rings, 2.0 GeV<ECM<4.6 GeV

– Design luminosity: 1033 𝑐𝑚−2𝑠−1 @ 1.89GeV, achieved on 5th April, 
2016!

BESIII Detector

Data set for this talk:
• 2.92 fb-1 @ 3.773GeV
The largest 𝜓(3770) data 
sample.
• 106 M 𝜓 (3686) events.
• 44.5 pb-1 @ 3.65GeV
Used to subtract the 
continuum background.
• 60 pb-1 𝜓(3770) line-
shape scan data.
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BESIII Experiment



Searching for Baryonic decays of 𝜓(3770)

Experimental Method:

𝑁
𝜓(3770)→f
𝑆 = 𝑁obs

𝑓
− 𝑁B

𝑓
− 𝑁𝑞  𝑞

𝑓

– 𝑁obs
𝑓

is the  observed number of baryonic final-state events in the 

𝜓(3770) data

– 𝑁B
𝑓

is the backgrounds number of γψ(3686), γ𝐽/ψ and misidentified 

𝜓(3770) decays(𝑓γψ (3686), 𝑓γ𝐽 /ψ, 𝑓𝐷 𝐷 are the  scale factors for the 
Monte Carlo samples):

𝑁B
𝑓
= 𝑓γψ (3686)𝑁γψ (3686)

𝑓
+ 𝑓γ𝐽 /ψ𝑁γ𝐽/𝜓

𝑓
+𝑓𝐷 𝐷𝑁𝐷 𝐷

𝑓

– 𝑁𝑞  𝑞
𝑓

is the continuum events number:

𝑁𝑞  𝑞
𝑓

=𝑓𝑐𝑜 × [𝑁obs
𝑓

3.650 − 𝑁B
𝑓
(3.650)]

𝑓𝑐𝑜 is the scaling factor: 

𝑓𝑐𝑜 = (
3.65

3.773
)2×

ℒ3.773

ℒ3.650
×

𝜖
𝑒+𝑒−→𝑓
3.773

𝜖
𝑒+𝑒−→𝑓
3.650
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PRD 87, 112011 (2013)

• No significant events are observed
• Estimate a 90% C.L. upper limit of the branching 

fraction of 𝜓(3770) decays to each modes :

ℬ
𝜓(3770)→f =

𝑁
𝜓(3770)→f
𝑆

𝜖𝜓(3770)→f × ℬf × 𝑁𝜓(3770) × (1 − Δ𝑠𝑦𝑠)
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Λ Λ𝜋+𝜋−

Λ Λ𝜋0

Λ Λ𝜂

Σ+ Σ−

Σ0 Σ0

Ξ+ Ξ−

Ξ0 Ξ0



𝜓(3770) → 𝑝  𝑝𝜋0
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• Data sets: 2.9 fb-1@3.773GeV, 44.5 pb-1@3.65, 60 pb-1 𝜓(3770) line−shape scan date

PRD90, 032007 (2014)

For  PANDA



𝜓(3770) → 𝑝  𝑝

10

𝜎 𝑠 = 𝜎𝑐𝑜𝑛 𝑠 + 𝜎𝜓
𝑚𝜓Γ𝜓

𝑠 − 𝑚,𝜓
2+ 𝑖𝑚𝜓Γ𝜓

2

=(9.8−3.9
+11.8) nb(<27.5 nb at 90% C.L.) 𝑜𝑟 (425.6−43.7

+42.9) nb

For  PANDA



Measurement of B(𝜓(3770) → γ𝜒𝑐1) and search for 
𝜓(3770) → γ𝜒𝑐2
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𝜒𝑐1,2 → γ𝐽/𝜓 , 𝐽/𝜓 → 𝑙+𝑙−

ℬ 𝜓(3770) → γ𝜒𝑐1 = 2.48 ± 0.15 ± 0.23 × 10−3

ℬ 𝜓(3770) → γ𝜒𝑐2 < 0.64 × 10−3 at 90% C.L.

PRD 91, 092009 (2015)
• The 𝜒𝑐1,2 are reconstructed with the decay



Measurement of the ℬ(𝜓(3770) → γ𝜒𝑐0)
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• The analysis is based on the 2.92 fb-1

𝜓(3770) data and 106 million 𝜓(3686) 

data .

• 𝜒𝑐𝐽 is reconstructed via 𝐿𝐻(2 𝜋+𝜋− ,

𝐾+𝐾−𝜋+𝜋−, 3 𝜋+𝜋− , 𝐾+𝐾−.

• Obtained the Br by taking the relative 

strength to the 𝜓(3686) E1 transition, 

avoiding introducing large uncertainties 

of the branching fractions for 𝜒𝑐𝐽 → 𝐿𝐻 .

Experiment Method:
𝜓(3686) 

𝜓(3770) 

PLB 753 (2016) 103–109
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• The ratio of the ℬ(𝜓(3770) → γ𝜒𝑐𝐽) and ℬ(𝜓(3686) → γ𝜒𝑐𝐽) is determined 

channel by channel:

𝑹𝒄𝑱[%]

𝝌𝒄𝟎 𝝌𝒄𝟏 𝝌𝒄𝟐

𝟐 𝝅+𝝅− 𝟔. 𝟔𝟒 ± 𝟎. 𝟒𝟓 𝟐. 𝟏𝟑 ± 𝟎. 𝟔𝟗 -

𝑲+𝑲−𝝅+𝝅− 𝟕. 𝟓𝟔 ± 𝟎. 𝟓𝟕 𝟐. 𝟎𝟎 ± 𝟏. 𝟎𝟒 -

𝟑( 𝝅+𝝅− 𝟔. 𝟖𝟔 ± 𝟎. 𝟕𝟒 𝟏. 𝟗𝟒 ± 𝟎. 𝟔𝟗 -

𝑲+𝑲− 𝟔. 𝟔𝟓 ± 𝟎. 𝟓𝟕 - -

Weighted 𝑹𝒄𝑱 6.89 ± 0.28± 0.65 2.03 ± 0.44± 0.66 N/A

CLEO 281 pb-1[%] 7.9± 0.8± 0.6 4.3± 1.6± 0.6 <2.2

𝑁𝜓(3686)
𝑡𝑜𝑡 = 106 M 𝑁𝜓(3770)

𝑡𝑜𝑡 = 𝜎𝜓(3770)
3.773 GeV × 𝐿 𝜎𝜓(3770)

3.773 GeV = (7.15± 0.27± 0.27) nb

BESII PLB 650(2006)111
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• Branching fraction for 𝜓(3770) → γ𝜒𝑐𝐽:

ℬ ψ 3770 → γ𝜒𝑐𝐽 = 𝑅𝑐𝐽 × ℬ ψ 3686 → γ𝜒𝑐𝐽
From PDG

This work



𝜓(3770) → γ𝜂𝑐(1𝑆, 2𝑆)
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• Via 𝜂𝑐(1𝑆, 2𝑆) → 𝐾𝑆
0𝐾±𝜋∓

• M1 transition should be forbidden but higher 
multipoles may contribute.

Theoretical predictions
Γ 𝜓(3770) → γ𝜂𝑐 = 17.14−12.03

+22.93 keV
Γ 𝜓(3770) → γ𝜂𝑐(2𝑆) = 1.82−1.19

+1.95 keV
IML model PRD 84, 074005 (2011)
Γ 𝜓(3770) → γ𝜂𝑐 = 10 ± 11 keV
LQCD PRD 79, 094504 (2009)

• No clear signals are observed. Upper limit on BF is 
set at 90% C.L.

Branching fraction
B𝐹 𝜓(3770) → γ𝜂𝑐 → 𝛾𝐾𝑆𝐾𝜋 < 1.6 × 10−5

B𝐹 𝜓(3770) → γ𝜂𝑐(2𝑆) → 𝛾𝐾𝑆𝐾𝜋 < 5.8 × 10−6

Using  PDG’s BF(𝜂𝑐(1𝑆, 2𝑆) → 𝐾𝑆
0𝐾±𝜋∓):

B𝐹 𝜓(3770) → γ𝜂𝑐 < 6.7 × 10−4

B𝐹 𝜓(3770) → γ𝜂𝑐(2𝑆) < 2.1 × 10−3

Also measured E1 transition:
B𝐹 𝜓(3770) → γ𝜒𝑐1 = 3.03 ± 0.65 ± 0.44 × 10−3

Consistent with PDG value:
B𝐹 𝜓(3770) → γ𝜒𝑐1 = 2.9 ± 0.6 × 10−3

PRD 89, 112005 (2014)



Summary
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• By using  BESIII data sets taken at 𝜓(3770) peak, we study the 
non-𝐷 𝐷 decays of the 𝜓(3770)

 No significant decays of 𝜓(3770) → Λ Λ𝜋+𝜋−, Λ Λ𝜋0, Λ Λ𝜂, Σ+ Σ−, Σ0 Σ0, 
Ξ+ Ξ− and Ξ0 Ξ0 are observed.

 𝑒+𝑒− → 𝑝  𝑝𝜋0 and 𝑒+𝑒− → 𝑝  𝑝 in the vicinity of the 𝜓(3770) have been 
studied.

 The measurement of ℬ ψ 3770 → γ𝜒𝑐0 and ℬ ψ 3770 → γ𝜒𝑐1
are improved.

 No significant decays of 𝜓(3770) → γ𝜂𝑐(1𝑆, 2𝑆) are observed.

• More non-𝐷 𝐷 decays of the 𝜓(3770) results will come soon!

• We may improve the result of 𝜓(3770) → 𝜋𝜋𝐽/𝜓, 𝜂𝐽/𝜓, 𝜋0𝐽/𝜓 using 
2.9 fb-1𝜓(3770) data of BESIII
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Thank you! 

2016/6/7 QWG 2016


