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     Motivation              

● Improve our understanding of the  XYZ Charmoniumlike states using the recoil mass technique.  
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● Provide a complementary to previous exclusive analyses.   

● Search for new Ystate decays 

 

X c c̄=J /ψ , hc ,ψ(2S) .. .
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     DATA & Monte Carlo samples                

● BESIII Software  : Boss Version 7.0.3 

● Monte Carlo Sample :   25k events simulated for every channel.
                                     Generator : “ConExc” 

● DATA Sample : 19 XYZ energy points between 4.18 and 4.6 GeV
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3160 pb1

1100.9 pb1

828.4 pb1

543.9 pb1

1090.7 pb1

586.9 pb1
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    Selection Criteria                

● Charged tracks selection (Pions & Kaons) : 
                           

 4

|V z|<10cm |V xy|<1.0cm

|cosθ|<0.93P<2GeV

PID(π)>PID(K , p)

PID(K )>PID (π , p)

● Neutral Candidates selection  : 
                            
|cosθ|<0.8→Ebarrel>25 MeV

0.86<|cosθ|<0.92→Eendcap>50MeV 100<M (γ γ)<160MeV /c2

0<TDC<14

Δ(Ω)>10 °
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     Monte Carlo Simulation                 

●  Missing mass recoiling against (RR ) :  
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e+ e−
→X c c̄π

+
π

−



e+ e−→J / ψπ+ π−
    Analysis of                  

  6

● J/ψ  in the missing mass recoiling against π+π−

● In 12 energy points 

                                                                        

 
                         

 

@ 4.246 GeV

                                  
                                  
    

 
                         

 

@ 4.23 GeV

                                  
                                  
    

 
                         

 
Simon Nakhoul |Inclusive production of Charmonium mesons above 4 GeV



e+ e−→hc π+ π−
    Analysis of                  

● hc in the missing mass recoiling against  π+π−

● In 14 energy points 

                                                                        

 
                         

 

     7

@ 4.26 GeV

                                  
                                  
    

 
                         

 

@ 4.36 GeV
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e+ e−→ψ(2S) π+ π−
    Analysis of                  

● ψ(2S)  in the missing mass recoiling against  π+π−

● In 9 energy points 

                                                                        

 
                         

 

     8

@ 4.42 GeV

                                  
                                  
    

 
                         

 

@ 4.36 GeV
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    Born Cross section & ISR correction factor1
     (ReminderLast Collaboration Meeting)              

N=L∫W (x )σ(x )ϵ( x)dx

κ=∫W (x)
σ (x)
σ0

ϵ(x )
ϵ0

dx

σ
Born

=
N sig

Lintegrated ϵ κ(1+δVP)

● The Born cross section is given by:  
 

N sig

LInte

ϵ
κ

     : Number of signal events    
       : Integrated luminosity 
        : Selection efficiency 

             : ISR correction factor  
 ● ISR correction factor :  

 

         : Radiator function   
           : Fractional energy carried by  ISR photons
  
  

x=
E γ

ECM

w (x)

σ0         : Cross section at a fixed energy 
  
  

9

(1+δVP)  : VP correction factor  
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N=L∫W (x )σ(x )ϵ( x)dx

κ=∫W (x)
σ (x)
σ0

ϵ(x )
ϵ0

dx

● The Born cross section is given by:  
 

● ISR correction factor :  
 

1 The line shape of the observed cross section is used to compute
2       is constant (No 4C Kinematic fit applied)    

 

κ
ϵ(x)
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σ
Born

=
N sig

Lintegrated ϵ κ(1+δVP)
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    Born Cross section & ISR correction factor1
     (ReminderLast Collaboration Meeting)              



e+ e−
→hc π

+
π

−
    Analysis of                  

● Energy dependent dressed cross section: Inclusive measurements fitted with the 
coherent  sum of two BreitWigner & exponential (In Red).

● Compared to the exclusive measurements of BAM00183.

 
                         

 

Y (4220)

μ4220 =4218.4−4.5
+ 5.5 MeV /c2

Γ4220 =66.0−8.3
+12.3 MeV

Y (4390)

μ4390 =4319.56.8
+6.3 MeV /c2

Γ4390 =139.5−20.6
+16.2 MeV

BAM00183
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   (ReminderLast Collaboration Meeting)   

Y (4220)

μ4220 =4231.8±2.99MeV / c2

Γ4220 =58.12±4.70MeV

Y (4390)

μ4390 =4384.0±5.86MeV /c2

Γ4390 =57.99±13.8MeV



e+ e−
→J / ψπ

+
π

−
    Analysis of                  

● Energy dependent dressed cross section: Inclusive measurements fitted with 
the coherent sum of two BreitWigner & exponential (In Red). 

● Compared to the exclusive measurements of BAM00214 (In green). 

 
                         

 

  

      11
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   (ReminderLast Collaboration Meeting)   

Y (4220)

μ4220 =4223.7 ±3.2MeV /c2

Γ4220 =43.1±4.1MeV

Y (4320)

μ4320 =4318.6−10.2
+ 9.4 MeV /c2

Γ4320=95.7−18.0
+22.7 MeV

 BAM00214

 
                    
     

 



e+ e−
→J / ψπ

+
π

−
    Analysis of                  
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   (ReminderLast Collaboration Meeting)   

Y (4220)

μ4220 =4223.7 ±3.2MeV /c2

Γ4220 =43.1±4.1MeV

Y (4320)

μ4320 =4318.6−10.2
+ 9.4 MeV /c2

Γ4320=95.7−18.0
+22.7 MeV

 BAM00214

 
                    
     

 

● Energy dependent dressed cross section: Inclusive measurements fitted with 
the coherent sum of two BreitWigner & exponential (In Red). 

● Compared to the exclusive measurements of BAM00214 (In green). 

 
                         

 



e+ e−
→J / ψπ

+
π

−
    Analysis of                         : Reconstruction efficiency 

    12

 
● Input cross section for ConExc : Flat cross section  Vs  BABAR Y(4260)  vs BESIII  Y(4260)shape
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e+ e−
→J / ψπ

+
π

−
    Analysis of                         : Observed Cross section 

    13

● Input ConExc cross section : Flat cross section  Vs  BABAR Y(4260) Vs BESIII  Y(4260) line shape
 

● Observed Cross sections for different inputs 
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   Born Cross section & ISR correction factor 2    
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      START 

Initial Cross section input    

Simulation Via CONEXC     

● VP factor * ISR factor
● selection efficiency             

BESIII DATA   

Nsig , L
  
BORN CROSS SECTION  

       END 

U
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il 
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BESIII Cross Sections   

BABAR Cross Sections 
   e+ e−

→ϕ(1020) K+ K −

e+ e−
→J/ ψπ

+
π

−

e+ e−
→hc π

+
π

−   BAM0183   
BAM0214  

σ
Born

=
N sig

L integrated ϵ(1+δISR )(1+δVP)
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e+ e−
→hc π

+
π

−
    Analysis of                         

Y (4220)

μ4220 =4218.4−4.5
+ 5.5 MeV /c2

Γ4220 =66.0−8.3
+12.3 MeV

Y (4390)

μ4390 =4319.56.8
+6.3 MeV /c2

Γ4390 =139.5−20.6
+16.2 MeV

BAM00183
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Y (4220)

μ4220 =4233.4±4.18MeV / c2

Γ4220 =53.65±9.90MeV

Y (4390)

μ4390 =4372.5±18.14MeV /c2

Γ4390 =119.4±17.32MeV
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● Energy dependent dressed cross section: Inclusive measurements fitted with 
the coherent sum of two BreitWigner & exponential (In Red). 

● Compared to the exclusive measurements of BAM00214 (In green). 

 
                         

 



    Analysis of                  
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σ
Born

=
N sig

Lintegrated ϵ f ISR f VP

f ISR f VP≫

e+ e−
→hc π

+
π

−
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● Born Cross section measured using the recoils mass technique for 19 energy points 

 
                         

 



e+ e−
→J / ψπ

+
π

−
    Analysis of                  

 BAM00214
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Y (4220)

μ4220 =4234.4±4.927MeV /c2

Γ4220 =61.01±3.507MeV
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With the assumption of a second  
Breight Wigner under 4 GeV 

Y (4220)

μ4220 =4223.7 ±3.2MeV /c2

Γ4220 =43.1±4.1MeV

Y (4320)

μ4320 =4318.6−10.2
+ 9.4 MeV /c2

Γ4320=95.7−18.0
+22.7 MeV

● Energy dependent dressed cross section: Inclusive measurements fitted with 
the coherent sum of two BreitWigner & exponential (In Red). 

● Compared to the exclusive measurements of BAM00214 (In green). 

 
                         

 



e+ e−
→J / ψπ

+
π

−
    Analysis of                  

Y (4220)

μ4220 =4223.7 ±3.2MeV /c2

Γ4220 =43.1±4.1MeV

Y (4320)

μ4320 =4318.6−10.2
+ 9.4 MeV /c2

Γ4320=95.7−18.0
+22.7 MeV

 BAM00214
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Y (4220)

μ4220 =4234.4±4.927MeV /c2

Γ4220 =61.01±3.507MeV

With the assumption of a second  
Breight Wigner under 4 GeV 

Still working on a 
better fit 

● Energy dependent dressed cross section: Inclusive measurements fitted with 
the coherent sum of two BreitWigner & exponential (In Red). 

● Compared to the exclusive measurements of BAM00214 (In green). 

 
                         

 



e+ e−
→J / ψπ

+
π

−
    Analysis of                  
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σBorn=
N sig

Lintegrated ϵ f ISR f VP

f ISR f VP≫
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● Born Cross section for 19 energy points 

 
                         

 



● 1%  for Luminosity 

● 1% for every charged track reconstructed   2% →

● Background  shape : Nominal fit (f3) a 3rd order Chebyshev polynomial 
                                  → fitting the background with (f2) a  2nd  and  (f4)  a 4th order chebyshev polynomial. 
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Δ N f=
1
n

Σ|N f 3
−N f i|=

1
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 Simon Nakhoul |Inclusive production of Charmonium mesons above 4 GeV 

f3

 
                         

 

f2

 
                         

 

f4

 
                         

 

ΔN f

N f

=8.96

ΔN f

N f

=4.95 %

%

    Analysis of                         : Systematic Uncertainties  e+ e−
→hc π

+
π

−



● 1%  for Luminosity 

● 1% for every charged track reconstructed   2% →

● Background  shape : Nominal fit (f3)  a 3rd  order Chebyshev polynomial 
                                  → fitting the background with (f2) a  2nd   and  (f4)  a 4th order chebyshev polynomial. 
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Δ N f=
1
n

Σ|N f 3
−N f i|=

1
2

(|N f 3
−N f 4

|+|N f 3
−N f 2

|)

f3

 
                         

  Δ N f

N f

=143

f4

 
                         

 

f2

 
                         

 
%

No hc observation

    Analysis of                         : Systematic Uncertainties  e+ e−→hc π+ π−
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● 1%  for Luminosity 

● 1% for every charged track reconstructed   2% →

● Fit Window : Nominal fit Window (W1) [4.45,4.6] 
                    → Fit window (W2) [4.48,4.57] 
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ΔN W=
1
n

Σ|NW 1−NWi|=|NW 1−NW 2|

W1
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W2

 
                         

  %

W2

 
                         

 

W1

 
                         

 

    Analysis of                         : Systematic Uncertainties  e+ e−
→hc π

+
π

−

ΔNW

NW 1

=0.16

ΔNW

NW 1

=2.91

%



e+ e−
→X K+ K−



e+ e−
→J / ψK +K−

    Analysis of                  

● J/ψ  in the missing mass recoiling against  K+K

● In 6 energy points 
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@ 4.23 GeV

                                  
                                  
    

 
                         

 

@ 4.26 GeV
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e+ e−
→ϕ(1020)K+ K−

    Analysis of                  
    22

● (1020)φ  in the missing mass recoiling against  K+K

● In 15 energy points 

                                                                        

 
                         

 

@ 4.22 GeV

                                  
                                  
    

 
                         

 

@ 4.28 GeV
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e+ e−
→ϕ(1020)K+ K−

    Analysis of                  

● Energy dependent Born cross section of                                        after 1st iteration  
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e+ e−
→ϕ(1020)K+ K−



e+ e−→ϕ(1020)K+ K−
    Analysis of                  

  

    24

σBorn=
N sig

Lintegrated ϵ f ISR f VP
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● Born Cross section measured for 19 energy points 

 
                         

 



e+ e−
→X K π



e+ e−
→X K π    Analysis of                  

    25

                                                                        

 
                         

 

Simon Nakhoul |Inclusive production of Charmonium mesons above 4 GeV

● K*(892) & D0 in the invariant mass of (K pi) 

                                                                        

 
                         

 



e+ e−
→X K π    Analysis of                  

    26
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3 sigmas around 
M(D) 

● MM recoiling against (k pi) VS IM of (K pi) 

                                                                        

 
                         

 



e+ e−
→D0 D̄0

[K π ]    Analysis of                  
    27

● D in the missing mass recoiling against  D[kpi]

                                                                        

 
                         

 

@ 4.23 GeV

                                  
                                  
    

 
                         

 

@ 4.246 GeV

                                  
                                  
    

 
                         

 
Simon Nakhoul |Inclusive production of Charmonium mesons above 4 GeV



e+ e−
→D∗0 D̄0

[K π ]    Analysis of                  
    28

● D* in the missing mass recoiling against  D[Kpi ]
 

                                                                        

 
                         

 

@ 4.230 GeV

                                  
                                  
    

 
                         

 

@ 4.246 GeV
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   Outlook   Future Plans                  

● Inclusive Energy dependent cross sections :  

 → For all decay channels 
 → Finalizing the systematic uncertainty studies  

● Selection criteria 
   

 → Large amount of background   Cuts optimization  →
 → Background study/subtraction

● Recoils
 → Semi inclusive analysis 
    →
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π+ π−

K+ K−

K±
π

∓

π
0
π

0

K sK s

K sπ
0

π
0
π

+
π

−

π
0 K+K−

η η

ηπ
±

ηK±



Thank You 
             
For Your Attention 



●  Lack of (psi pi+ pi)  and (J/psi K+ K)  observations   cannot rely on fixing the MC parameters for →
some energy points 
   → Introduces huge inconsistency   

 
                         

 

e+ e−
→ψ(2S) π

+
π

−

    Analysis of                          
e+ e−

→J / ψK +K−

In the exclusive analysis: 
Cross section = 0.75 pb 
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