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BESIII data Samples
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Summary of QWG 2016
PRL 112, 092001 (2014)
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ØEvidence for 𝑒"𝑒# → 𝛾𝜒'- CPC 39, 041001 (2015)
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Observation of X(3872)

Ø In this Letter, we report the first observation of the process of 𝑒"𝑒# → 𝛾𝑋 3872 →
𝛾𝜋"𝜋#𝐽/𝜓 at center of mass (c.m.) energy 𝑠 = 4009, 4230, 4260, and 4360 MeV.

Ø The measured mass of the X(3872) is (3872.9 ± 0.7stat± 0.2syst) MeV/c2, the width is 0.0#8.9":.;

MeV, or < 2.4 MeV @ 90% C.L. The statistical significance of X(3872) is 6.3𝜎.
Ø Suggestive of Y(4260)→γX(3872) . 5

PRL	112,	092001	(2014)



Search for Y(4140) via 𝑒"𝑒# → 𝛾𝜙𝐽/𝜓

Combined 6 modes (3 𝜙 modes and 2 𝐽/𝜓modes) 4360 MeV

4260 MeV4230 MeV

Sum

Ø No significant Y(4140) signal found at BESIII.
Ø Set the upper limits on 𝜎D[𝑒"𝑒# → 𝛾𝑌 4140 ]×ℬ[𝑌 4140 → 𝜙𝐽/𝜓] at 90% C.L. The 

upper limit has the same magnitude of the X(3872) production (𝜎D[𝑒"𝑒# → 𝛾𝑋 3872 ]×
ℬ[𝑋 3872 → 𝜋"𝜋#𝐽/𝜓]). 

6

PRD	91,	032002	(2015)



Evidence for 𝑒"𝑒# → 𝛾𝜒'-
ØThe statistical significances of 𝜒'8, 𝜒': and 𝜒'K
are 0, 2.4𝜎 and 4.0𝜎, respectively.
ØWe find evidence for the processes of 𝑒"𝑒# →
𝛾𝜒': and 𝑒"𝑒# → 𝛾𝜒'K. No evidence of 𝑒"𝑒# →
𝛾𝜒'8 is observed.
ØThe upper limit on the Born cross section are 
compatible with the theoretical prediction from the 
NRQCD calculation.
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Evidence for 𝑒"𝑒# → 𝛾𝜂'
PRD	96,	051101	(2017)	 (R)



Motivation
• The 𝑌(4260) was first discovered BABAR in the initial state radiation (ISR) process 

𝑒"𝑒# → 𝛾LMN𝑌(4260) → 𝛾LMN𝜋"𝜋#𝐽/𝜓. 

• The JPC of 𝑌(4260) is 1## , but it can not be easily explained within the traditional 

charmonium states.
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• One possibility is that the 𝑌(4260) is a hybrid 

meson. If so, the recent lattice QCD calculations 

predict that its rate of decay to 𝛾𝜂' will be 

enhanced relative to 𝛾𝜒'8.

• Finding evidence for 𝑌(4260) → 𝛾𝜂' could thus 

give additional support to the hybrid interpretation.

PRD	96,	051101	(2017)	 (R)



Analysis technique and data sets

PRD 86, 092009 (2012)

Data sets

𝑠 (GeV) ℒPQR (pb-1)
4.01 482
4.23 1094
4.26 826
4.36 540
4.42 1074
4.60 567
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• We report on a search for 𝑒"𝑒# → 𝛾𝜂' , 𝜂' → XP, XP = 2(𝜋"𝜋#𝜋8), 𝜋"𝜋#𝜋8𝜋8, 
𝜋"𝜋"𝜋#𝜋#𝜂, 𝐾"𝐾#𝜋"𝜋#𝜋8, 2(𝜋"𝜋#),  3(𝜋"𝜋#), 𝜋"𝜋#𝜂, 𝐾±𝐾M𝜋∓𝜋"𝜋#, 𝐾±𝐾M𝜋∓, 
𝐾"𝐾#𝜋8, 𝐾"𝐾#𝜋"𝜋#, and 𝐾"𝐾#𝜋"𝜋#𝜋"𝜋# at c.m. energy between 4.01 and 4.6 GeV.

PRD	96,	051101	(2017)	 (R)



Event selection -- Four assumptions

JHEP  10, 71 (2014)
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PRD	96,	051101	(2017)	 (R)

Four	different	assumptions	about	the	energy-dependence	of	the	cross	section	

• σlmno: The cross section is constant, consistent with the theoretical calculation. 

• σpqmmq: The cross section follows the Belle parameterization of σ(𝑒"𝑒# → 𝜋"𝜋#𝐽/𝜓), 

modeled with a Y(4008) and Y(4260); 

• σr(sKt8): The cross section follows a nonrelativistic Breit-Wigner distribution for the 

Y(4260) with mass and width values from the Particle Data Group (PDG);

• σr(sut8): The cross section follows a nonrelativistic Breit-Wigner distribution for the 

Y(4360) with mass and width values from the Particle Data Group (PDG);

σ =
𝑁wxyz{|x}

ℒ 1 + 𝛿LMN (1+ 𝛿��)	𝜀



Event selection -- Four assumptions

JHEP  10, 71 (2014)

11

PRD	96,	051101	(2017)	 (R)

Four	different	assumptions	about	the	energy-dependence	of	the	cross	section	

• σlmno: The cross section is constant, consistent with the theoretical calculation. 

• σpqmmq: The cross section follows the Belle parameterization of σ(𝑒"𝑒# → 𝜋"𝜋#𝐽/𝜓), 

modeled with a Y(4008) and Y(4260); 

• σr(sKt8): The cross section follows a nonrelativistic Breit-Wigner distribution for the 

Y(4260) with mass and width values from the Particle Data Group (PDG);

• σr(sut8): The cross section follows a nonrelativistic Breit-Wigner distribution for the 

Y(4360) with mass and width values from the Particle Data Group (PDG);

σ =
𝑁wxyz{|x}

ℒ 1 + 𝛿LMN (1+ 𝛿��)	𝜀



Evidence for 𝑒"𝑒# → 𝛾𝜂'

PRD	96,	051101	(2017)	 (R)

• An unbinned maximum likelihood method is used to simultaneously fit the distributions 
of the recoil-mass distributions of the transition photon associated with the twelve final 
states 𝛾XP . 
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Ø Continuum 𝑞𝑞� processes: second order 
polynomial function in each decay channel;
Ø 𝐽/𝜓 ISR process: double Gaussian 
function whose parameters are fixed using
MC studies, the sizes are float in each
decay channel;
Ø 𝜂' Signal: NBW (fixed mass and width)
convolved with a histogram derived from 
MC describing detector resolution and 
effects due to ISR.



Evidence for 𝑒"𝑒# → 𝛾𝜂'

ØThe relative difference between four assumptions range from
1% to 6%, which are included in the systematic uncertainties.
ØThe largest statistical significances (3.0𝜎) is found at 4.26 GeV. 
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Ø The 𝐽/𝜓 ISR cross section, σ(𝑒"𝑒# → 𝛾LMN 𝐽/𝜓), 
serves as an important cross-check to the 𝜂'
analysis. The theoretical calculation are shown as 
the blue line.

Ø There is a good agreement between the 
measurements and the theoretical predictions.

Evidence for 𝑒"𝑒# → 𝛾𝜂'

PRD	96,	051101	(2017)	 (R)

Ø Combining all six energies under various 
assumptions for the energy-dependence of the 
cross section.

Ø The cross sections at different energies are 
constrained to follow the four assumptions.
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Evidence for 𝑒"𝑒# → 𝛾𝜂'

PRD	96,	051101	(2017)	 (R)
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Ø Combine all six energies under four assumptions.
Ø The significances are at least 3.6𝜎 when we 

combine data sets according to the four assumptions.

Ø The cross section is better explained by 𝜎�(sKt8)
than by conventional charmonium states, 𝜓(4040)
(1.9𝜎 ), 𝜓(4160)(3.5𝜎 ) and 𝜓(4415) (1.9𝜎 ).

Ø
�����[x�x�→����]
����� [x�x�→���]

< 2.8, the enhancement of 

𝑒"𝑒# → 𝛾𝜂' may suggest production via a hybrid 
charmonium state. 



Summary & Outlook
• With the large data sample above 4 GeV and good performance of 

BEPCII and BESIII, we have searched for some radiative transitions.

• We present first evidence for 𝑒"𝑒# → 𝛾𝜂' at six c.m. energies between 

4.01 and 4.60 GeV.

• We have collected more data samples above 4 GeV, more exciting results 

will come from BESIII.

16Thanks for your attention!
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Beijing Electron and Positron
Collider(BEPCII)



The BESIII detector
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