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Motivation I
● There are two main theoretical approachs to calculate the heavy quarkonium 

production at different hard-scattering scales: CSM and NRQCD with COM.

For nonperturbative calculations it is necessary to obtain matrix elements 
which are extracted from experimental data.

● Theoretical prediction for energy 
region 4.6 ~ 5.6 GeV:

• The  CO LDMEs are nonzero 
assuming prompt J/ψ production 
larger than 10 pb.

Ref.: arXiv:1409.2293v2 [hep-ph] 4 Aug 2016

● We are able to measure prompt J/ψ production at the lowest point √s = 4.6 GeV 
of this energy region using the XYZ data of the BESIII experiment.

● B-factories prompt J/ψ  
production   at  √s = 10.6 GeV:
• σ(e+e− → J/ψ + X) = 2.5 ± 0.21 ± 0.21 pb 

(BaBar)

• σ(e+e− → J/ψ + X) = 1.47 ± 0.10 ± 0.13 
pb (Belle)

• σ(e+e− → J/ψ + X) = 1.9 ± 0.2 pb (CLEO)

      These results are not entirely             
    consistent with each other. 
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Motivation II

 There is a series of exclusive cross-section measurements      
 performed by the BESIII experiment in considered energy     
 region:
● e+e- → J/ψπ+π- (arXiv:1611.01317v1 [hep-ex] 4 Nov 2016)

● e+e- → J/ψπ0π0 (arXiv:1506.06018v2 [hep-ex] 1 Aug 2015)

● e+e- → J/ψη,π0 (arXiv:1503.06644v1 [hep-ex] 23 Mar 2015)

● e+e- → J/ψη´ (arXiv:1605.03256v1 [hep-ex] 11 May 2016)

● e+e- → J/ψK+K-,K0K0 (arXiv:1802.01216v1 [hep-ex] 4 Feb 2018)

● ...

  Are there any other significant nontrivial contributions?
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The XYZ data (2012-2014)
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● The XYZ data (2012-2014) and corresponding MC sets are 
reconstructed and simulated under  BOSS 6.6.4.p01;

● The “4009” data (2011) and corresponding MC samples are 
reconstructed and simulated under BOSS 6.6.4

Energy measurement: M. Ablikim et al. ''Measurement of the center-of-mass energies at 
BESIII via the di-muon process'', arXiv:1510.08654 [hep-ex] 29 Oct 2015  
 
Luminosity measurement: M. Ablikim et al. ''Precision measurement of the integrated 
luminosity of the data taken by BESIII at center of mass energies between 3.810 GeV and 
4.600 GeV'',  arXiv:1503.03408 [hep-ex] 11 Mar 2015
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Measurement procedure

 Signal: e+e- → J/ψpromptX,  

here J/ψprompt is originated from sources other than                              
classical charmonium decays or ISR.

 Major background sources:  {ψ', χc1,2}→ J/ψX
 Initial-state radiation (ISR) return to:

● Resonances:  e+e- → γJ/ψ, e+e- → γψ'
             (exclude by cuts)

● Continuum:  e+e- → γJ/ψX 
            (take into account by applying QED calculation) 
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 Observed number of e+e- → J/ψX events estimation 
for Y

J/ψX  
yield measurement
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  Selection  criteria  for  e+e- → J/ψX → μ+μ-X

  Each selected event must contain one of the following  track configuration:
● exactly one positive and one negative reconstructed  charged tracks and at least two photons 

(suppression of ~98% e+e- → (γ
ISR

)J/ψ events)
● exactly two positive and two negative reconstructed  charged tracks and at least two 

photons (suppression of ~50% e+e- → (γ
ISR

)ψ' events)
● exactly two positive and two negative reconstructed charged tracks, less than two photons 

while the charged tracks do not form the ψ' signal via the J/ψπ+π- final state
● other configurations with more than one positive or more than one negative reconstructed 

charged tracks 
●

  Charged tracks criteria:
●  cos(Θ) < 0.93 (for each charged track);
●  r < 1 сm, |z| < 10 сm (for each charged track);
●  Eemc < 0.6 GeV (muons from J/ψ decay identification);
●  2.8 GeV < Mμ+μ- < 3.4 GeV (mass window for J/ψ); 

       
  Photons criteria:

●   EMC:  0≤ t ≤14 ns;
●   E > 25 MeV (barrel), E > 50 MeV (end-cups);
●   The angle between  the neutral track and the nearest  charged track  > 20˚;

 

8



The energy deposited in the EMC for all charged tracks
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Observed number of J/ψX events

J/ψ
4260

J/ψ
4600

ψ(2S)
4260

ψ(S)
4600

J/ψ J/ψ

ψ(2S) ψ(2S)

J/ψ J/ψ

Fit a normalized gaussian function (signal) and a quadratic polynomial 
(background) to the data
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 Observed number of e+e- → (γ
ISR

)J/ψ events estimation for 
calculation number of background events 

(accroding to KKMC Rbg is ~2% ) 
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  Selection  criteria  for ISR return to J/ψ resonance
(e+e- → (γ

ISR
)J/ψ → (γ

ISR
)μ+μ-)

 

   Each selected event must contain the following  track configuration:
● exactly one positive and one negative reconstructed  charged tracks and less than two 

photons

  Charged tracks criteria:
●  cos(Θ) < 0.93 (for each charged track);
●  r < 1 сm, |z| < 10 сm (for each charged track);
●  Eemc < 0.6 GeV (muons from J/ψ decay identification);
●  2.8 GeV < Mμ+μ- < 3.4 GeV (mass window for J/ψ); 

       
  Photons criteria:

●   EMC:  0≤ t ≤14 ns;
●   E > 25 MeV (barrel), E > 50 MeV (end-cups);
●   The angle between  the neutral track and the nearest  charged track  > 20˚;
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Observed number of (γ
ISR

)J/ψ events

J/ψ
4260

J/ψ
4600

ψ(2S)
4260

ψ(S)
4600

J/ψ J/ψ

ψ(2S) ψ(2S)

J/ψ J/ψ

Fit a normalized gaussian function (signal) and a quadratic polynomial 
(background) to the data
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Observed number of e+e- → ψ'X  with ψ'→J/ψX  events 
estimation for Y

ψ'→J/ψX  
yield measurement
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  Selection  criteria  for  e+e- → ψ'X → J/ψπ+π-X
 

   Each selected event must contain one of the following  track configuration:
● exactly two positive and two negative reconstructed  charged tracks and at least two 

photons (suppression of ~50% e+e- → (γ
ISR

)ψ' events)
● more than two positive or more than two negative reconstructed  charged tracks 

   Additionally, 1С kinematic fit to the J/ψ mass:
● 3.0 GeV < Mμ+μ- < 3.2 GeV;    
● μ+μ- combination with minimal  χ²;
● χ²

min 
< 50;

  All other charged track pairs are considered as π+π- without any particle        
  identification.
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χ²
min 

 for 1C kinematic fit to the J/ψ mass

16



Observed number of ψ'X events

J/ψ
4260

J/ψ
4600

ψ(2S)
4260

ψ(S)
4600

J/ψ J/ψ

ψ(2S) ψ(2S)

J/ψ J/ψ

Background is fitted by a gaussian function and a constant 
(by a line for other points)  
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Observed number of e+e- → (γ
ISR

)ψ'  with ψ'→J/ψX  events 
estimation for Y

ψ'ISR→J/ψX  
yield measurement
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  Selection  criteria  for  ISR return to ψ' resonance
(e+e- → (γ

ISR
)ψ' → (γ

ISR
)J/ψπ+π-)

 

   Each event must contain the following  track configuration:
● exactly two positive and two negative reconstructed  charged tracks and less than two 

photons
 

   Additionally, 1С kinematic fit to the J/ψ mass:
● 3.0 GeV < Mμ+μ- < 3.2 GeV;    
● μ+μ- combination with minimal  χ²;
● χ²

min
 < 50;

  All other charged track pairs are considered as π+π- without any particle        
  identification.
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Observed number of (γ
ISR

)ψ' events

J/ψ
4260

J/ψ
4600

ψ(2S)
4260

ψ(S)
4600

J/ψ J/ψ

ψ(2S) ψ(2S)

J/ψ J/ψ

Background is fitted by a line
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 Observed number of e+e- → χ
c
X  with χ

c 
→ γJ/ψ 

events estimation for Y
χc → γJ/ψ  

yield measurement
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  Selection  criteria  for  e+e- → χ
с1,2

X → γJ/ψX
 

  Each selected event must contain one of the following  track configuration     
  (according to J/ψ selection criteria described above):

● exactly one positive and one negative reconstructed  charged tracks and at least two photons
● exactly two positive and two negative reconstructed  charged tracks and at least two 

photons
● exactly two positive and two negative reconstructed charged tracks, exactly one photon 

while the charged tracks do not form the ψ' signal via the J/ψπ+π-  final state
● other configurations with more than one positive or more than one negative reconstructed 

charged tracks and at least one photon

  Additionally, 1С kinematic fit to the J/ψ mass:
● 3.0 GeV < Mμ+μ- < 3.2 GeV;    
● μ+μ- combination with minimal  χ²;
● χ²

min
 < 50;

   At least two photons for 2-track events and at least one photon for other        
  events:

●   EMC:  0≤ t ≤14 ns;
●   E > 25 MeV (barrel), E > 50 MeV (end-cups);
●   The angle between  the neutral track and the nearest  charged track  > 20˚;
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Observed number of χ
c1,2
X events

J/ψ
4260

J/ψ
4600

ψ(2S)
4260

ψ(S)
4600

J/ψ J/ψ

ψ(2S) ψ(2S)

J/ψ J/ψ

Fit two Breit-Wigner convoluted with a gaussian functions (signal) and an exponential 
function (background) to the data

Masses and widths of χc1,2 are fixed parameters.
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Observed number of events
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Efficiency

● To estimate efficiency we need to produce inclusive Monte 
Carlo  samples of unknown composition. 

● We assumed that efficiency mainly depends on topology 
of events (track multiplicity).

● Thus we decided to produce appropriate  Monte Carlo 
samples as a mixture of major exclusive channels with 
typical topologies. 

● Weights for the mixture we obtain from track multiplicity 
of the real data .
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Monte Carlo
● J/ψ: mix of the major exclusive channels weighted with multiplicity

• MC samples (PHSP, each energy point): J/ψπ+π-, J/ψπ0π0, J/ψ2π+2π-,  
where J/ψ → μ+μ-

● ψ': mix of the major exclusive channels weighted with multiplicity

• MC samples (PHSP, each energy point): ψ'π+π-, ψ'π0π0,  where 

ψ' → J/ψπ+π- and J/ψ → μ+μ-

● ψ'ISR: one exclusive channel

• MC samples (KKMC, each energy point): (γISR)ψ', where 

ψ' → J/ψπ+π- and J/ψ → μ+μ-

● χc1,2: one exclusive three-particle channel

• MC samples (PHSP, each energy point):   χc1,22γ, 

          where χc1,2 → J/ψγ and J/ψ → μ+μ-
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Momentum and angular 
dependence of J/ψ efficiency

p
J/ψ

φ
J/ψ

cosθ
J/ψ



Multiplicity of charged tracks for selected J/ψ and ψ'

J/ψ
4260

J/ψ
4600

ψ(2S)
4260

ψ(S)
4600

Data

J/ψ J/ψ

ψ(3686) ψ(3686)

J/ψ J/ψ
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Data Data

Data Data

Logarithmic scale

J/ψJ/ψ

Data
Data

J/ψ

ψ(3686) Data Dataψ(3686)



Efficiency of J/ψ reconstruction



Efficiency of ψ' reconstruction
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MC-based estimated efficiency 
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Yield of J/ψ from different sources normalized to corresponding luminosity
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Observed cross-section of e+e- → J/ψ
prompt

+ X
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Deconvolution to Born cross-section

The cross-section line shape for 
iteration process is obtained by 
fitting two Breit-Wigner 
convoluted with a gaussian 
functions for resonances and  
const*√(√s - MJ/ψ) for continuum 
to the measured cross-section

Masses and widths of the resonances are 
fixed parameters, and its values are taken 
from BESIII e+e- → J/ψπ+π- paper 
(arXiv:1611.01317v1 [hep-ex] 4 Nov 2016):
M1 = 4222.0 ± 3.1 MeV/c², Г1 = 44.1 ± 4.3 MeV 
M2 = 4320.0 ± 10.4 MeV/c², Г2 = 101.4 ± 25.3 MeV 35
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Observed and Born cross-section of e+e- → J/ψ
prompt

+ X



Observed and Born cross-section 
(statistical errors only)

37



Study of systematics : Tracking

● Due to the discrepancy between MC and data is 1% for 
charged track reconstructed efficiency and 1% for photon 
reconstructed efficiency we performed the following 
variations of reconstructed efficiencies to obtain 
systematic errors of tracking: 

    εJ/ψ: 2% variation

    εψ' = εJ/ψ * εππ = εJ/ψ * (επ)²: 2% variation

    εχc1,2 = εJ/ψ * εγ: 1% variation

● Errors of charged tracking were summed linearly, errors of 
photon tracking were also summed linearly, then resulting 
contributions were summed quadratically.
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Study of systematics : Tracking
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Study of systematics : E
emc

 cut, N
J/ψ

 fit

● To decrease statistical fluctuations we combined the data 
into 3 groups (3810-4090, 4190-4310, 4360-4600) and we 
obtained relative systematic errors of the following 
sources:

● Eemc cut: the value was varied as 0.5 GeV
● NJ/ψ: fit a cubic polynomial to the data for background

● Using relative systematic errors we obtained absolute 
systematic errors for each energy point in corresponding 
group
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Study of systematics: 
Deconvolution to Born cross-section procedure
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Study of systematics : E
emc

 cut, N
J/ψ

 fit
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Study of systematics : Luminosity, BF

● Luminosity: total errors of luminosity measurement were took into account to 
obtain systematic error for each energy point 

Ref.: M. Ablikim et al. ''Precision measurement of the integrated luminosity of the data taken by BESIII at center of mass energies 
between 3.810 GeV and 4.600 GeV'',  arXiv:1503.03408 [hep-ex] 11 Mar 2015

● Branching fractions: errors of branching fractions of all charmonia decays used 
in the analysis were took into account to obtain systematic error for each energy 
point 

Ref.: Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)
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Study of systematics : Luminosity, BF
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Observed and Born cross-section
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Born cross-section with statistical and total errors
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Cross-section of exclusive processes with J/ψ
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Conclusion

● Analysis procedure has been elaborated

● The first estimation of e+e- → J/ψpromptX is obtained

● The result is rather consistent with total exclusive cross-section

● The result for the prompt J/ψ production in the range above 4.5 
GeV is 

                                        σ = 27.5 ± 3.3 ± 4.4 pb                                     
    

● This value is one of the main result of the performed studies and 
could be used for tests of  J/ψ production models (NRQCD).

● Memo is almost ready 
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