
Radiative Transitions in e+e-

collisions above 4 GeV at BESIII

Quarkonium 2019, 13-17 May, Torino 
XIII International workshop on Heavy Quarkonium

Peilian Li (on behalf of BESIII Collaboration)
University of Science and Technology of China

State Key Laboratory of Particle Detection and Electronics



Outline
• Motivation

• Data samples at BESIII

• Radiative transitions above 4 GeV
• e+e- →γηc

• e+e-→γχcJ

• e+e-→γX(3872)
• e+e-→γX(4140)

• Summary
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Radiative Transition
• Interesting feature of charmonium physics

• Straightforward to evaluate in cc" potential models 

• Well understand charmonium states under open charm threshold 

• A series of charmonium-like states, X(3872), Y(4260), Zc etc, with 

unclear interpretation above threshold
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o Search for radiative transition above 4 GeV

• Understand the charmonium-like states and their correlations

• Search for new C-even charmonium-like states (e.g. X(3915),

Y(4140))
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Data samples @ BESIII

4

• ~13 fb-1 e+e- collision data in 

open charm region: 

4.0~4.60 GeV

• More data samples are being 

taken this year (~3.8 fb-1)

• A scan experiment for vector 

charmonium-(like) states
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• Possible interpretation →	hybrid meson: extra gluonic degree of freedom 

allows an M1 transition without spin-flip (flux-tube model)

Evidence for e+e- →γηc

• Y(4260) discovered firstly in the initial state radiation (ISR) 
process e+e- →γISRY(4260) →γISRπ+π-J/ψ

• JPC [Y(4260)]=1--, not a traditional charmonium states

5

• Finding evidence for e+e- →Y(4260) → γηc

=> additional support to the hybrid interpretation 

PRD 79, 094504 (2009)
The rate of decay to γηc will be enhanced relative to γχc0

Peilian	Li	(USTC) QWG2019



Evidence for e+e- →γηc
• e+e- →γηc, ηc →Xi (14 ηc decay channels) at six c.m. energies in 

4.01~4.60 GeV (4.6 fb-1)

6
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Evidence for e+e- →γηc
• e+e- →γηc, ηc →Xi (14 ηc decay channels) at six c.m. energies in 

4.01~4.60 GeV
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§ σY(4260): a nonrelativistic Breit-Wigner 

(BW) for the Y(4260) (mass and width 
values from the PDG)

PRD 96, 051101 (2017) (R)

Peilian	Li	(USTC) QWG2019



Evidence for e+e- →γηc
• e+e- →γηc, ηc →Xi (14 ηc decay channels) at six c.m. energies in 

4.01~4.60 GeV

6

• Simultaneously fit the recoil-mass 
distributions of the transition photon 
associated with the 14 final states Xi

• σ(e+e- →γηc): a shared free parameter
• The ηc signal: nonrelativistic BW function 

(mass and width fixed to the PDG values)
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§ σY(4260): a nonrelativistic Breit-Wigner 

(BW) for the Y(4260) (mass and width 
values from the PDG)

PRD 96, 051101 (2017) (R)
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⌘c
<latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit><latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit><latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit><latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit>

J/ 
<latexit sha1_base64="6Vi8yKVh7K10qTaJ88bfcFo4r5M=">AAACAnicdVDLSgMxFM3UV62vqks3wSK4GmeKoMuiG3FVwT6gHUomvdOGJpmQZIShdOcPuNU/cCdu/RF/wO9wpq1gfRwIOZxzL/feEyrOjPW8d6ewtLyyulZcL21sbm3vlHf3miZONIUGjXms2yExwJmEhmWWQ1tpICLk0ApHl7nfugNtWCxvbaogEGQgWcQosZnUuj7pKsNKvXLFc6teDvyb+O709ypojnqv/NHtxzQRIC3lxJiO7ykbjIm2jHKYlLqJAUXoiAygk1FJBJhgPF13go8ypY+jWGdPWjxVv3eMiTAmFWFWKYgdmp9eLv7ldRIbnQdjJlViQdLZoCjh2MY4vx33mQZqeZoRQjXLdsV0SDShNktoYUoEqRRqkgfzdT3+nzSrru+5/s1ppXYxj6iIDtAhOkY+OkM1dIXqqIEoGqEH9IienHvn2XlxXmelBWfes48W4Lx9Aquwl28=</latexit><latexit sha1_base64="6Vi8yKVh7K10qTaJ88bfcFo4r5M=">AAACAnicdVDLSgMxFM3UV62vqks3wSK4GmeKoMuiG3FVwT6gHUomvdOGJpmQZIShdOcPuNU/cCdu/RF/wO9wpq1gfRwIOZxzL/feEyrOjPW8d6ewtLyyulZcL21sbm3vlHf3miZONIUGjXms2yExwJmEhmWWQ1tpICLk0ApHl7nfugNtWCxvbaogEGQgWcQosZnUuj7pKsNKvXLFc6teDvyb+O709ypojnqv/NHtxzQRIC3lxJiO7ykbjIm2jHKYlLqJAUXoiAygk1FJBJhgPF13go8ypY+jWGdPWjxVv3eMiTAmFWFWKYgdmp9eLv7ldRIbnQdjJlViQdLZoCjh2MY4vx33mQZqeZoRQjXLdsV0SDShNktoYUoEqRRqkgfzdT3+nzSrru+5/s1ppXYxj6iIDtAhOkY+OkM1dIXqqIEoGqEH9IienHvn2XlxXmelBWfes48W4Lx9Aquwl28=</latexit><latexit sha1_base64="6Vi8yKVh7K10qTaJ88bfcFo4r5M=">AAACAnicdVDLSgMxFM3UV62vqks3wSK4GmeKoMuiG3FVwT6gHUomvdOGJpmQZIShdOcPuNU/cCdu/RF/wO9wpq1gfRwIOZxzL/feEyrOjPW8d6ewtLyyulZcL21sbm3vlHf3miZONIUGjXms2yExwJmEhmWWQ1tpICLk0ApHl7nfugNtWCxvbaogEGQgWcQosZnUuj7pKsNKvXLFc6teDvyb+O709ypojnqv/NHtxzQRIC3lxJiO7ykbjIm2jHKYlLqJAUXoiAygk1FJBJhgPF13go8ypY+jWGdPWjxVv3eMiTAmFWFWKYgdmp9eLv7ldRIbnQdjJlViQdLZoCjh2MY4vx33mQZqeZoRQjXLdsV0SDShNktoYUoEqRRqkgfzdT3+nzSrru+5/s1ppXYxj6iIDtAhOkY+OkM1dIXqqIEoGqEH9IienHvn2XlxXmelBWfes48W4Lx9Aquwl28=</latexit><latexit sha1_base64="6Vi8yKVh7K10qTaJ88bfcFo4r5M=">AAACAnicdVDLSgMxFM3UV62vqks3wSK4GmeKoMuiG3FVwT6gHUomvdOGJpmQZIShdOcPuNU/cCdu/RF/wO9wpq1gfRwIOZxzL/feEyrOjPW8d6ewtLyyulZcL21sbm3vlHf3miZONIUGjXms2yExwJmEhmWWQ1tpICLk0ApHl7nfugNtWCxvbaogEGQgWcQosZnUuj7pKsNKvXLFc6teDvyb+O709ypojnqv/NHtxzQRIC3lxJiO7ykbjIm2jHKYlLqJAUXoiAygk1FJBJhgPF13go8ypY+jWGdPWjxVv3eMiTAmFWFWKYgdmp9eLv7ldRIbnQdjJlViQdLZoCjh2MY4vx33mQZqeZoRQjXLdsV0SDShNktoYUoEqRRqkgfzdT3+nzSrru+5/s1ppXYxj6iIDtAhOkY+OkM1dIXqqIEoGqEH9IienHvn2XlxXmelBWfes48W4Lx9Aquwl28=</latexit>

J/ 
<latexit sha1_base64="6Vi8yKVh7K10qTaJ88bfcFo4r5M=">AAACAnicdVDLSgMxFM3UV62vqks3wSK4GmeKoMuiG3FVwT6gHUomvdOGJpmQZIShdOcPuNU/cCdu/RF/wO9wpq1gfRwIOZxzL/feEyrOjPW8d6ewtLyyulZcL21sbm3vlHf3miZONIUGjXms2yExwJmEhmWWQ1tpICLk0ApHl7nfugNtWCxvbaogEGQgWcQosZnUuj7pKsNKvXLFc6teDvyb+O709ypojnqv/NHtxzQRIC3lxJiO7ykbjIm2jHKYlLqJAUXoiAygk1FJBJhgPF13go8ypY+jWGdPWjxVv3eMiTAmFWFWKYgdmp9eLv7ldRIbnQdjJlViQdLZoCjh2MY4vx33mQZqeZoRQjXLdsV0SDShNktoYUoEqRRqkgfzdT3+nzSrru+5/s1ppXYxj6iIDtAhOkY+OkM1dIXqqIEoGqEH9IienHvn2XlxXmelBWfes48W4Lx9Aquwl28=</latexit><latexit sha1_base64="6Vi8yKVh7K10qTaJ88bfcFo4r5M=">AAACAnicdVDLSgMxFM3UV62vqks3wSK4GmeKoMuiG3FVwT6gHUomvdOGJpmQZIShdOcPuNU/cCdu/RF/wO9wpq1gfRwIOZxzL/feEyrOjPW8d6ewtLyyulZcL21sbm3vlHf3miZONIUGjXms2yExwJmEhmWWQ1tpICLk0ApHl7nfugNtWCxvbaogEGQgWcQosZnUuj7pKsNKvXLFc6teDvyb+O709ypojnqv/NHtxzQRIC3lxJiO7ykbjIm2jHKYlLqJAUXoiAygk1FJBJhgPF13go8ypY+jWGdPWjxVv3eMiTAmFWFWKYgdmp9eLv7ldRIbnQdjJlViQdLZoCjh2MY4vx33mQZqeZoRQjXLdsV0SDShNktoYUoEqRRqkgfzdT3+nzSrru+5/s1ppXYxj6iIDtAhOkY+OkM1dIXqqIEoGqEH9IienHvn2XlxXmelBWfes48W4Lx9Aquwl28=</latexit><latexit sha1_base64="6Vi8yKVh7K10qTaJ88bfcFo4r5M=">AAACAnicdVDLSgMxFM3UV62vqks3wSK4GmeKoMuiG3FVwT6gHUomvdOGJpmQZIShdOcPuNU/cCdu/RF/wO9wpq1gfRwIOZxzL/feEyrOjPW8d6ewtLyyulZcL21sbm3vlHf3miZONIUGjXms2yExwJmEhmWWQ1tpICLk0ApHl7nfugNtWCxvbaogEGQgWcQosZnUuj7pKsNKvXLFc6teDvyb+O709ypojnqv/NHtxzQRIC3lxJiO7ykbjIm2jHKYlLqJAUXoiAygk1FJBJhgPF13go8ypY+jWGdPWjxVv3eMiTAmFWFWKYgdmp9eLv7ldRIbnQdjJlViQdLZoCjh2MY4vx33mQZqeZoRQjXLdsV0SDShNktoYUoEqRRqkgfzdT3+nzSrru+5/s1ppXYxj6iIDtAhOkY+OkM1dIXqqIEoGqEH9IienHvn2XlxXmelBWfes48W4Lx9Aquwl28=</latexit><latexit sha1_base64="6Vi8yKVh7K10qTaJ88bfcFo4r5M=">AAACAnicdVDLSgMxFM3UV62vqks3wSK4GmeKoMuiG3FVwT6gHUomvdOGJpmQZIShdOcPuNU/cCdu/RF/wO9wpq1gfRwIOZxzL/feEyrOjPW8d6ewtLyyulZcL21sbm3vlHf3miZONIUGjXms2yExwJmEhmWWQ1tpICLk0ApHl7nfugNtWCxvbaogEGQgWcQosZnUuj7pKsNKvXLFc6teDvyb+O709ypojnqv/NHtxzQRIC3lxJiO7ykbjIm2jHKYlLqJAUXoiAygk1FJBJhgPF13go8ypY+jWGdPWjxVv3eMiTAmFWFWKYgdmp9eLv7ldRIbnQdjJlViQdLZoCjh2MY4vx33mQZqeZoRQjXLdsV0SDShNktoYUoEqRRqkgfzdT3+nzSrru+5/s1ppXYxj6iIDtAhOkY+OkM1dIXqqIEoGqEH9IienHvn2XlxXmelBWfes48W4Lx9Aquwl28=</latexit>

• Simultaneously fit the recoil-mass 
distributions of the transition photon 
associated with the 14 final states Xi

• σ(e+e- →γηc): a shared free parameter
• The ηc signal: nonrelativistic BW function 

(mass and width fixed to the PDG values)

Peilian	Li	(USTC) QWG2019



• Simultaneously fit the recoil-mass 
distributions of the transition photon 
associated with the 14 final states Xi

• σ(e+e- →γηc): a shared free parameter
• The ηc signal: nonrelativistic BW function 

(mass and width fixed to the PDG values)

Evidence for e+e- →γηc
• e+e- →γηc, ηc →Xi (14 ηc decay channels) at six c.m. energies in 

4.01~4.60 GeV

7

PRD 86, 092009 (2012)

� =
Nmeasured

L(1 + �ISR)(1 + �V P )✏
<latexit sha1_base64="xlbhdBLtDNYKmJvgSZqYE+mnaNo="></latexit><latexit sha1_base64="xlbhdBLtDNYKmJvgSZqYE+mnaNo="></latexit><latexit sha1_base64="xlbhdBLtDNYKmJvgSZqYE+mnaNo="></latexit><latexit sha1_base64="xlbhdBLtDNYKmJvgSZqYE+mnaNo="></latexit>

§ σY(4260): a nonrelativistic Breit-Wigner 

(BW) for the Y(4260) (mass and width 
values from the PDG)

PRD 96, 051101 (2017) (R)

⌘c
<latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit><latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit><latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit><latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit>

⌘c
<latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit><latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit><latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit><latexit sha1_base64="rz3jCGB8s6D9VWOg7WLxp9V16os=">AAACAXicdVDJSgNBEK2JW4xb1KOXxiB4CjMi6DHoxWMEs0AyhJ5OTdKmp2fo7hGGISd/wKv+gTfx6pf4A36HnUUwLg8KHu9VUVUvSATXxnXfncLS8srqWnG9tLG5tb1T3t1r6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0OfFbd6g0j+WNyRL0IzqQPOSMGis1u2hoj/XKFa/qTkHcX+TLqsAc9V75o9uPWRqhNExQrTuemxg/p8pwJnBc6qYaE8pGdIAdSyWNUPv59NoxObJKn4SxsiUNmarfJ3IaaZ1Fge2MqBnqn95E/MvrpCY893Muk9SgZLNFYSqIicnkddLnCpkRmSWUKW5vJWxIFWXGBrSwJcRMRsm49D2Y/0nzpOq5Ve/6tFK7mEdUhAM4hGPw4AxqcAV1aACDW3iAR3hy7p1n58V5nbUWnPnMPizAefsExeuXjQ==</latexit>
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Evidence for e+e- →γηc
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PRD 96, 051101 (2017) (R)
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Evidence for e+e- →γηc

8

PRD 96, 051101 (2017) (R)

§ σY(4260): a nonrelativistic BW for Y(4260) 
§ σFLAT: constant
§ σBELLE: Belle parameterization of σ(e+e-

→π+π-J/ψ), modeled with a Y(4008) and 
Y(4260)

§ σY(4360): a nonrelativistic BW for Y(4360)

• Four different assumptions to combine the 
data from six c.m. energies

=> larger sample for e+e-→γηc

=> Compare the Y(4260) hypothesis (σY(4260)) to 
others

JHEP 10, 71 (2014)

PRL 110, 252002 (2013)

Peilian	Li	(USTC) QWG2019



Evidence for e+e- →γηc

8

• Simultaneous fit to the 6×14 recoil mass distributions of transition photon
• Each energy share the same σ(e+e- →γηc)
• Between different energies, σ(e+e- →γηc) is constrained to follow the σY(4260), 
σFLAT, σBELLE, σY(4360)

PRD 96, 051101 (2017) (R)

§ σY(4260): a nonrelativistic BW for Y(4260) 
§ σFLAT: constant
§ σBELLE: Belle parameterization of σ(e+e-

→π+π-J/ψ), modeled with a Y(4008) and 
Y(4260)

§ σY(4360): a nonrelativistic BW for Y(4360)

• Four different assumptions to combine the 
data from six c.m. energies

=> larger sample for e+e-→γηc

=> Compare the Y(4260) hypothesis (σY(4260)) to 
others

JHEP 10, 71 (2014)

PRL 110, 252002 (2013)

Peilian	Li	(USTC) QWG2019



Evidence for e+e- →γηc

9

PRD 96, 051101 (2017) (R)

• The statistic significance of the γηc : 3.6σ

• The cross section is better explained by σY(4260)

than by conventional charmonium states:

ψ(4040) (1.9σ), ψ(4160) (3.5σ), ψ(4415) (1.9σ)

• B(Y(4260)→γηc)/B(Y(4260)→π+π-J/ψ)=0.034±0.009 with σY(4260) assumption
• σpeak(e+e- →γχc0)/σpeak(e+e- →γηc)<2.8 at 90% C.L.
• The enhancement of e+e- →γηc may suggest production via a hybrid 

charmonium state
Peilian	Li	(USTC) QWG2019



Evidence for e+e-→γχcJ
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e+e-→γχcJ → γγJ/ψ

• Find the evidence of e+e-→γχc1,2, no signal for e+e-→γχc0

• ~3 times more data from 4.15-4.42 GeV, more precise 
measurements and cross section line shapes are expected!

• ψ(4040, 4160, 4415) / Y(4260, 4360, 4660)
→γχcJ(2P) by the electric dipole (E1) 
transitions between charmonia or other 
exotic mechanisms

𝒔=4.009, 4.230, 4.260 & 4.360 GeV
~2.895 fb-1

• arXiv:1310.8597
• NRQCD: σ(e+e-→γχcJ) ~0.1-0.9 pb

• Shed more light on the properties of the 
Y(4260) 

CPC 39, 041001 (2015)

χc1 3.0σ χc2 3.4σ

Peilian	Li	(USTC) QWG2019

• Existing investigation by CLEO for the first time
• PRL 96, 162003 (2006)



e+e-→γX(3872)

11

• Potential connections among the X(3872), Y(4260) and Zc(3900) ??
• Strongly hint towards a common underlying nature for them
• More supportive experimental observation for the Y(4260) →γX(3872) needed

Based on 11.6 fb-1 data at 𝑠=4.01~4.60 GeV taken by BESIII, study the 
processes e+e-→γX(3872)→γωJ/ψ and e+e-→γX(3872)→γπ+π-J/ψ

PRL 110, 252001 (2013)

Zc(3900)

e+e- (at 4260 MeV)→π+π-J/ψe+e- (at 4260 MeV)→γX(3872)→γπ+π-J/ψ
PRL 112, 092001 (2014) 

X(3872)

Peilian	Li	(USTC) QWG2019



e+e-→γX(3872)

12

arXiv: 1903.04695

e+e-→γX(3872) →γωJ/ψ e+e-→γX(3872) → γπ+π-J/ψ

• The	mass	and	width	agree	with	the	ψ(4160) or the Y(4220) within errors

PRL 118, 092001-092002 (2017)

More	details	about	X(3872)	can	be	found	 in	Junhao Yin’s	report
Peilian	Li	(USTC) QWG2019



Search for e+e-→γX(4140)

13

• X(4140): First charmonium-like state 
decaying to two vector mesons 
consisting of cc" and s𝑠̅ pairs

• Hybrid charmonium state → partial 
width of Y(4260) →γX(4140) ~ tens keV

M=(4146.5±4.5*+.,-../) MeV
Γ=(83±21*2.-+2)

PRD 95, 012002 (2017)

X(4140) Peilian	Li	(USTC) QWG2019



Search for e+e-→γX(4140)
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PRD 97, 032008 (2018)

e+e-→γX(4140) →γφJ/ψ

• No obvious X(4140) signal

More data with higher statistics are 
need to figure out the character of 
X(4140)

𝒔
(GeV)

U.L.	at	90%	C.L.	(pb)
σ(e+e-→γX(4140))	×
B(X(4140) →φJ/ψ )	

4.23 0.35
4.26 0.28
4.36 0.33
4.60 1.20

𝒔=4.60 GeV

MC shape from 

M(γX(4140))

PRD 91, 032002 (2015)

𝒔=4.23, 4.26 
& 4.36 GeV

Peilian	Li	(USTC) QWG2019



Summary
• Search for some radiative transition processes with the large data sample 
above 4 GeV at BESIII

• First evidence for e+e- →γηc process 

• Evidence for e+e-→γχc1,2

• Study of σ(e+e-→γX(3872)) with X(3872)→ωJ/ψ and X(3872)→π+π-J/ψ
processes, where mass and width of Y state agree with Y(4220)

• Search for e+e-→γX(4140) but no signal observed

• With more data in charmonium region being taken, more exciting 
results will come out from BESIII soon

15Peilian	Li	(USTC) QWG2019



Summary

15

Thanks!
Peilian	Li	(USTC) QWG2019

• Search for some radiative transition processes with the large data sample 
above 4 GeV at BESIII

• First evidence for e+e- →γηc process 

• Evidence for e+e-→γχc1,2

• Study of σ(e+e-→γX(3872)) with X(3872)→ωJ/ψ and X(3872)→π+π-J/ψ
processes, where mass and width of Y state agree with Y(4220)

• Search for e+e-→γX(4140) but no signal observed

• With more data in charmonium region being taken, more exciting 
results will come out from BESIII soon



Back up 
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Storage ring

BESIII 
detector BSRF

Linac

e+

e−
Ebeam: 1.0-2.3 GeV

Double ring: e+ and e-

Multi-bunch: 93

Peak luminosity: 1.0×1033

cm-2s-1 @3770GeV	

Beijing Electron Positron Collider II

Peilian	Li	(USTC) QWG2019



Back up 

17

Super-conducting 
solenoidal
magnet (SC): 1T

Drift Chamber (MDC):
𝜎5/P(%)= 0.5% @1GeV

𝜎67/69(%)=6%

Muon Counter:

8-9 layers RPC

δ;,= = 1.4cm ∼ 1.7cm

Time Of Flight (TOF):

σC:  90 ps Barrel

110 ps endcap

(60ps after update)

EMC: (CsI)

σD E⁄ % = 2.5%	@	1	GeV

σM,= cm = 0.5 − 0.7 cm E⁄

NIM	A614,	345	(2010)Beijing Spectrum III

Peilian	Li	(USTC) QWG2019



Evidence for e+e-→γχcJ

10

e+e-→γχcJ → γγJ/ψ

• Find the evidence of e+e-→γχc1,2, no signal for e+e-→γχc0

• ~3 times more data from 4.15-4.42 GeV, more precise 
measurements and cross section line shapes are expected!

• ψ(4040, 4160, 4415) / Y(4260, 4360, 4660)
→γχcJ(2P) by the electric dipole (E1) 
transitions between charmonia or other 
exotic mechanisms

𝒔=4.009, 4.230, 4.260 & 4.360 GeV
~2.895 fb-1

• arXiv:1310.8597
• NRQCD: σ(e+e-→γχcJ) ~0.1-0.9 pb

• Shed more light on the properties of the 
Y(4260) 

CPC 39, 041001 (2015)

χc1 3.0σ χc2 3.4σ

Peilian	Li	(USTC) QWG2019

• Existing investigation by CLEO for the first time
• PRL 96, 162003 (2006)


