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Our Focus: Charmonium-like Exotics 

List of channels / charmonia (XYZ states): 

•  J/ψ +  X ,   J/ψ  −>   e+e-  / µ+ µ- 	

 	

 	

 
•   ηc        +  X,        ηc       −>   K+K-π0  / KsK+/-π-/+	


	


 
à with various recoils:  X =   π-π+ ,   π0π0 , ηη ,  KK 	


 
à at different energies:  Ecms 

 =  4.5, 5.5 GeV 
 
à  and the various detector options  (1+5) 
 
 
 
Statistics: 1 M signal evts, 1000 M DPM bkgrd evts 
 
 
    



11/06/2014 Frank Nerling Feasibility studies for XYZ states    

Our Focus: Charmonium-like Exotics 

List of channels / charmonia (XYZ states): 

•  J/ψ +  X ,   J/ψ  −>   e+e-  / µ+ µ- 	

 	

 	

 
•   ηc        +  X,        ηc       −>   K+K-π0  / KsK+/-π-/+	


	


 
à with various recoils:  X =   π-π+ ,   π0π0 , ηη ,  KK 	


 
à at different energies:  Ecms 

 =  4.5, 5.5 GeV 
 
à  and the various detector options  (1+5) 
 
 
 
Statistics: 1 M signal evts, 1000 M DPM bkgrd evts  
                  
 
 
    

Scenarios proposed: 
a) Nominal Set-up:      1,2,3,4,5 
b) w/o Barrel EMC:     1,3,4,5 
c) w/o FS:                    1,2,3,4 
d) w/o Disc DIRC:       1,2,3,5 
e) w/o Barrel DIRC:     1,2,4,5 
f)  STT only:                 2,3,4,5 
 

see talk
 by K.G

ötzen 

à FastSim 
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FoM: Significance, S/B, Efficiency 

•  Time needed to achieve 5σ significance = S / sqrt(S+B)   (for the excl. pbarp system)  
 
 
 
•  Signal to Bkgd 

•  Signal Efficiency εs 

Significance (t) = L ⋅ t ⋅ σ s ⋅ε s ⋅ fBR
σ s ⋅ε s ⋅ fBR +σ b ⋅εb

σs = total signal cross-section   (assumption) 
σb = total pbarp cross-section    (known: 60mb) 
fBR = BR factor for given decay   (known) 
L = Luminosity         (known for assumed lumi modes)  
 
εs = reconstr. efficiency for signal evts.  (measured from data) 
εb = reconstr. efficiency for bckgrd evts.  (measured from data) 
 
       
 

“known” 

“input” 

S / B = σ s ⋅ε s ⋅ fBR
σ b ⋅εb
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An example – pbarp mass, signal + bkgd 

Example:   ηc    +   π-π+
   −>   K+K-π0  +   π-π+  at 4.5 GeV 

htemp
Entries  5665324
Mean    4.376
RMS    0.1745

pbarp_m
4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.90

20

40

60

80

100

120

140

160

310× htemp
Entries  5665324
Mean    4.376
RMS    0.1745

pbarp_m

à 100M DPM evts 
à 100k signal evts  

pbarp mass (GeV/c2)  
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An example – ηc mass, signal 

Example:   ηc    +   π-π+
   −>   K+K-π0  +   π-π+  at 4.5 GeV 

htemp
Entries  34810

Mean    2.985

RMS    0.04802

Constant  37.4±  4368 

Mean      0.00±  2.98 

Sigma     0.00016± 0.01812 

fpbarp_d0m
2.8 2.9 3 3.1 3.2 3.3 3.40

500

1000

1500

2000

2500

3000

3500

4000

4500
htemp

Entries  34810

Mean    2.985

RMS    0.04802

Constant  37.4±  4368 

Mean      0.00±  2.98 

Sigma     0.00016± 0.01812 

fpbarp_d0m {mode==00 && pbarp_mct}

à 100M DPM evts 
à 100k signal evts  

 ηcmass (GeV/c2)  
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An example – π0 mass, signal 

Example:   ηc    +   π-π+
   −>   K+K-π0  +   π-π+  at 4.5 GeV 

htemp
Entries  78729
Mean    0.135
RMS    0.003532
Constant  26.2±  4400 
Mean      0.000± 0.135 
Sigma     0.000037± 0.003208 

pbarp_d0d2m
0.115 0.12 0.125 0.13 0.135 0.14 0.145 0.15 0.1550

500

1000

1500

2000

2500

3000

3500

4000

4500

htemp
Entries  78729
Mean    0.135
RMS    0.003532
Constant  26.2±  4400 
Mean      0.000± 0.135 
Sigma     0.000037± 0.003208 

pbarp_d0d2m {mode==00}

à 100M DPM evts 
à 100k signal evts  

 π0 mass (GeV/c2)  
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An example – ηc mass, signal + bkgd, 
after selection cuts  

Example:   ηc    +   π-π+
   −>   K+K-π0  +   π-π+  at 4.5 GeV 

htemp
Entries  22646
Mean    2.981
RMS    0.03407

pbarp_d0m
2.75 2.8 2.85 2.9 2.95 3 3.05 3.1 3.150

200

400

600

800

1000

1200

htemp
Entries  22646
Mean    2.981
RMS    0.03407

pbarp_d0m {mode==00 && pbarp_mct && esptmax > 0.8  && abs(fpbarp_d0m-2.98)<0.054 && fchi2<15 && pbarp_d0d0pidk>0.5 && pbarp_d0d1pidk>0.5 && abs(pbarp_d0d2m-0.135)<0.01}

à 100M DPM evts 
à 100k signal evts  

Signal 
Bkgrd 

 ηcmass (GeV/c2)  



11/06/2014 Frank Nerling Feasibility studies for XYZ states    

Example:   ηc    +   π-π+
   −>   K+K-π0  +   π-π+  at 4.5 GeV 

htemp
Entries  22646
Mean    4.501
RMS    0.03782

pbarp_m
4.25 4.3 4.35 4.4 4.45 4.5 4.55 4.6 4.65 4.70

200

400

600

800

1000

1200

htemp
Entries  22646
Mean    4.501
RMS    0.03782

pbarp_m {mode==00 && pbarp_mct && esptmax > 0.8  && abs(fpbarp_d0m-2.98)<0.054 && fchi2<15 && pbarp_d0d0pidk>0.5 && pbarp_d0d1pidk>0.5 && abs(pbarp_d0d2m-0.135)<0.01}

εs = 22.6% ,  εb = 2.0 x 10-6 

 à 100M DPM evts 
à 100k signal evts  

An example – pbarp mass, signal + bkgd, 
after selection cuts  

Signal 
Bkgrd 

 pbarp mass (GeV/c2)  
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Proposed FoM: Significance 

t [week]
0 1 2 3 4 5 6 7

σN
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Significance vs. beam time

 = 20.00 nbsσ

 = 10.00 nbsσ

 = 5.00 nbsσ

Example:   ηc    +   π-π+
   −>   K+K-π0  +   π-π+  at 4.5 GeV  

σs = ~10 nb, σb =  60 mb 
fBR =  3.5 %, L = 2 x 1032 
εs = 22.6% ,  εb = 2.0 x 10-6 
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Proposed FoM: Significance 

t [a]
0 2 4 6 8 10

σN
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Significance vs. beam time
 = 2.00 nbsσ
 = 1.00 nbsσ
 = 0.50 nbsσ

Example:   ηc    +   π-π+
   −>   K+K-π0  +   π-π+  at 4.5 GeV 

σs = ~1 nb, σb =  60 mb 
fBR =  3.5 %, L = 2 x 1032 
εs = 22.6% ,  εb = 2.0 x 10-6 
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Selection and optimisation of cuts 

Preselection 
•  3σ mass window cuts 
 
Further cuts, optimised 
•  χ2 (4Cfit) 
•  PID probabilities (positive K, π, e  PID, and π vetos) 
•  Maximum pt (in event) 
 
Total number of scenarios 
•  4 channels x 4 recoils x 2 energies x 6 detector set-ups = 192 cases 
 
Automatic optimisation procedure (validated) 
•  Genetic algorithm to find optimal cut values 
•   Minimisation of    

            
f (cut value) = t

S / B ⋅ε s
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Results – Beam time for 5σ significance 

σs= 1nb, low luminosity, 5.5 GeV	
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Results – Signal to Bkgd ratio 

σs= 1nb, 5.5 GeV	
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Results – Signal efficiency 

σs=  5.5 GeV	
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Results – Beam time for 5σ significance 

σs= 10 nb, high luminosity, 5.5 GeV	
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Dalitz plot studies: Efficiencies 

Full Detector 
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|(rms -1)| + |mean| = 

Dalitz plot studies: QA / „FoM“ 
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Full Detector 

Dalitz plot studies: Pulls 
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w/o EMC barrel 

Dalitz plot studies: Pulls 
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Overview & Summary Results FoMs 

Time QA (days)   
green < 30 yellow < 365  red >= 365 
 
          

S/B QA    
green > 1  yellow > 0.1  red <= 0.1 
 
        

σs= 1 nb,  Ecms =  5.5 GeV	



Dal QA    
ok < 1.5  
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Summary  

 
ü   Feasibility studies for charmonium like exotics (XYZ states) 

ü   Extracted, proposed and used FoMs 
•  Time for 5s significance and 1000 signal evts  (significance) 
•  Signal to background (S/B)  
•  Signal efficiency (εs) 
•  In Addition: Check for flatness of acceptance (Pulls-Dalitzplot) 

 
 
ü   Results summarised by plots and tables (traffic light indication) 
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Additional Material 
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