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Charmonium-like Exotics PWG	


 

• New structure, three Physics Working Groups since 2014 
Ø  Charmonium 
Ø  Charmonium-like Exotics 
Ø  Light Quark Mesons 

• Regular joint meetings (JourFix: Wed, 10h30) 
Ø  Large overlap in activities and interests  
 

• Manpower situation  
Ø  Participation in the joint meetings: 5-10 people 
Ø  Merely 3-4 analysts actively involved during scrutiny process in 2014 
Ø  At present: 3 active physics analysis (fullSim, pandaRoot) 
  



03/12/2015 Frank Nerling Report from the Charmonium-like Exotics PWG 

Charmonium-like Exotics PWG	


Who we are: 

•  Univ. Bochum 
Ø  M.Pelizaeus	


•  GSI Darmstadt 
Ø  K.Götzen, R.Kliemt, F.Nerling 

•  JINR Dubna  
Ø  M.Barabanov, A.Luchinsky, A.Zinchenko, tbc 

•  INFN Ferrara 
Ø  E.Fioravanti 

•  Univ. Giessen 
Ø  M.Galuska, S.Lange, tbc 

•  FZ Jülich  
Ø  E.Prencipe, tbc 

•  HI Mainz 
Ø  T.Weber, tbc 

•  BINP Novosibirsk 
Ø  A.Blinov, tbc 
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Charmonium-like Exotics PWG	


•  Univ. Bochum 
Ø  Study for spin-exotic charmonium hybrid ƞc1,   further channels (PANDA Phys. Perf. Report)	

Ø  Very quick, first look to kinematics at PANDA for Zc(4430) 

•  GSI Darmstadt 
Ø  Scrutiny studies for X,Y,Z  (feasibilty for various charmonia and recoils) 
Ø  X(3872) resonance energy scan (width, lineshapes) 

•  JNR Dubna  
Ø  PandaRoot QA checks 
Ø  EvtGen modelling for X(3872) 

•  INFN Ferrara 
Ø  Scrutiny studies for X(3872) 

•  Univ. Giessen 
Ø  X(3872) resonance energy scan (width) 
Ø  Search for Zc(3730) at PANDA 

•  FZ Jülich  
Ø  Y(4260) first studies (also Giessen) 
Ø  Search for Zc(3730) at PANDA 

•  HI Mainz 
Ø  X(3872) resonance energy scan (trial to extract lineshape, importance of precise lumi) 

•  BINP Novosibirsk 
Ø  Study of pbar d à Z- p, with additional recoil proton detector 
Ø  Search for Zc(3730) at PANDA (also Jülich) 

 

~ 
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Activities, achievements so far	

 
• PANDA Physics Performance Report 

Ø  old analysis framework 
Ø  among others dedicated studies for Charmonium-like exotics  

 
•   Scrutiny studies  

Ø  fastSim studies (tuned to full sim)  
Ø  for X,Y,Z production, various charmonia and recoils 

• Dedicated X(3872) energy scan studies 
Ø  pbarp à X(3872) à J/ψ π-π+    (J/ψ à e+e-  and partly also mu+mu-) 
Ø  3 independent analyses (M.Galuska, T.Weber, K.Götzen)  
      à with different focus and levels of completeness,  
          cf. Master thesis, IN-REP-2015-005, Talks at last PWG meetings, respectively 
 

• X,Y,Z production and proposal of a search for Z(3730) at PANDA 
Ø  estimate of X,Y,Z states produced at PANDA  
Ø  Search for X à Z transition (S.Lange, E.Prencipe, A.Blinov, ...)  
Ø  Zc production on deuterim target: pd à Z- p  (A.Blinov)  
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Activities, achievements so far	


 
• PANDA Physics Performance Report 

Ø  quite some work went in 
Ø  not up-to-date anymore 
Ø  not sufficient anymore 
Ø  need an update (Physics Book) 
 

 
 

And therefore: 
 
à detailed, dedicated pandaRoot simulation 
     studies with a reasonable detector  
     description to be conclusive! 
 
à take into account recent news, facts and  
     measurements     
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Activities, achievements so far	
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Short Summary of Results, FoMs 

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

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

σs= 10 nb,  Ecms =  5.5 GeV, 1x1032	


Dal QA    
ok < 1.5  
        

σs= 1 nb,  Ecms =  5.5 GeV, 1x1031	


•   Scrutiny studies: Feasibility for XYZ states at PANDA 
 

[K .Götzen, R. Kliemt, F. Nerling] 
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Knowns and missings on the X(3872) 	


=> precise (sub-MeV) measurement  
    of the width of the X(3872),  
    indeed needed the lineshape!   

Already known: 
 
•  Observed by 7 experiments 
 
•  Observed in 5 decay channels 

•  Quantum numbers JPC=1++  
   charmonium potential model: χc1' 
   à predicted mass ≥ 50 MeV larger 
   [Barnes, Godfry, Swanson, Phys. Rev. D72 (2005) 054026] 

 

•  Not produced in e+e- → γ* →  X(3872)	

       (e+e- → γ*γ* →  X(3872) possible but suppressed) 
 
 
 
 

Important knowledge missing & needed: 
 
• Width, only upper limit (BelleI): Γ < 1.2 MeV	

    
   à prediction for pure charmonium state χc1': 
         Γ = 40 keV	

           [G.Y. Chen, J.P. Ma, Phys. ReV. D77 (2008) 034019]  

    
   à prediction for molecule, must be larger     
       than width of D*:  	

                Γ  >  82.3 ± 1.2 ± 1.4 keV                                          
        [E.Braaten, Phys. Rev. D77 (2008) 034019] 
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How PANDA can contribute:  
Study lineshapes	


• Panda: Neutral & charged, e.g. J/ψ π-π+,  J/ψ π0π0 , χcγ → J/ψ γγ, J/ψ γ, J/ψ η, ηcγ, ...	

• Direct formation in p à lineshapes 
• Example: X(3872) 

	

 
 

Compare lineshapes 
in different final states  
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X(3872) – released result 	


EPJ C73 (2013) 2462 
•  Upper limit on branching ratio by LHCb: 
   BR(X→p) < 0.002*BR(X→ J/ψ π-π+)  à Γ  < 1.2  MeV 
•  And BR(X→ J/ψ π-π+) > 0.026 (PDG 12)  => σ(p→X(3872)) < 67 nb 

•  Here: Assume σ = 50 nb, Luminosity: 2x1031 cm-2s-1 

•  Measurement of Γ=100 keV with 20% relative error 

	

 
 

[M.Galuska, Master thesis] 
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Lineshapes for different Ef 

-> Talk by K. Götzen, 

PWGs 18th Nov & 1st Dec2015 
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Scan Examples Molecule Lineshape 

HESRr: 21 x 2 days 
Γ = 100 keV 

HR: 21 x 2 days 
Ef = -5 MeV 

-> Talk by K. Götzen, 

PWGs 18th Nov & 1st Dec2015 
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Scan Examples Molecule Lineshape 

-> Talk by K. Götzen, 

PWGs 18th Nov & 1st Dec2015 

3σ 

σHR σHL 

relative error 

→ reach 3σ @ Γ=130 keV! 
    (all modes)  

mismatch 
(B → V) 

mismatch 
(V → B) 

bound 

virtual 
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Activities, achievements so far	
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Search for X à Z transitions at PANDA	


Talk by S.Lange,  

CM Uppsala, Sep 2015 



03/12/2015 Frank Nerling Report from the Charmonium-like Exotics PWG 

Search for X à Z transitions at PANDA	


Talk by S.Lange,  

PWG Uppsala, June 2015 to 

Also,  possible 
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An internal PANDA note... 	


Ø  v 
       
 
 
 
 
 
Ø  g 
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Another unique PANDA possibility: pd à Z- p	


Talk by A.Blinov,  

PWGs Giessen, Dec 2014  

       & Vienna, Dec2015 

-> FullSim started 
 

_ 
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Another unique PANDA possibility: pd à Z- p	


-> FullSim started 
 

_ 

PID & kinematics:  
A suppression of bkgd from pbar n à 3pi in the order of 10-5  

Talk by A.Blinov,  

PWGs Giessen, Dec 2014  

       & Vienna, Dec2015 
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Further channels of interest – many, still in 2025?  
what counts for us most, uniqueness!	


[C.Hahnhart, GSI, May 2015] 

• Many more charged and neutral channels predicted than observed 
Ø  67 among 80 ground states still to be discouvered  

• Only PANDA has discovery potential for high spin states (angular momentum barrier) 

Ø  e.g. predicted J = 3 state  
• Observation of complete multiplets needed to solve X,Y,Z puzzle 

 => PANDA  
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Charmonium-like Exotics at PANDA	


 
Charmonium-like exotics at PANDA  

Ø uniquely gluon-rich process: ppbar 
             à high cross section for states with gluonic excitations / exotics 

Ø unique in precise measurement of widths 
             à sub-MeV range, needed to understand X,Y,Z nature  

Ø unique in discovery potential for high spins: 
            à no angular momentum barrier (and no restriction spin) 
 
Even topics for Early Physics Beam  

Ø X(3872) energy scan 
Ø Charmonium survey (incl. Zc, Hybrids) 

 
 
 
=> Only PANDA will enable to explore  
    complete multiplets & clarify nature of X,Y,Z 
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Charmonium-like Exotics at PANDA	


 
Manpower situation 

Ø Only 3 full simulation studies focusing on physics "results"  
             à feasibility studies for scrutiny started to extend to fullSim  

Ø Many more channels to be updated, and also to be started 
      à new ideas and proposals of course welcome, also active analysts 

 
Future plans to enrich PANDA repertoire of unique PANDA physics: 

Ø Prioritise work on channels, extend coverage of complete physics case 
     à full simulations with realistic background estimations 
      à extension to include angular distributions (PWA) 
      à go for more realistic generators (incl. charm) 
Ø Combine efforts as much as possible  (CC, LQM, ,,,)  

               à data production, knowledge, ...  
 
 
 
=> New manpower welcome! 
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Additional slides 
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•  Since 2003 charmonium-like  
   spectrum found richer as expected 
	

•  Observation of states that do not fit  
   theoretical models/predictions 

•  The case of the X(3872): 
Ø  isospin violating, very narrow   
Ø quantum numbers known (1++, LHCb) 
Ø width unclear 

   à nature not yet clear.. 
        needed: measurement of width   

•  X,Y,Z states: 
Ø some need still confirmation 
Ø masses poorly known  
Ø statistics poor, nature unclear: 

       Molecules, tetraquarks, hybrids, ..? 
       Zc(3900): First order exotic? 

 
 

Charmonium(-like) Spectrum	


JPC 
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"Old Released" results	


Ø  Study for spin-exotic charmonium hybrid ƞc1 	

                    à M.Pelizaeus	

Ø  Study of X(3872) energy scan 
     à M.Galuska et al. 
Ø  Study of Y(4260)  
      à E.Prencipe et al. 
Ø  Study of Zc(4430) state 
      à M.Pelizaeus	


~ 
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Charmonium-like Exotics at PANDA	

 
Manpower situation 

Ø Only 3 full simulation studies focusing on physics "results"  
             à feasibility studies for scrutiny started to extend to fullSim  

Ø Many more channels to be updated, and also to be started 
      à new ideas and proposals of course welcome, also active analysts 
Ø A recent internal notes on behalf of the PWG 
     à good discipline in documenting and following new rules  

 
Future plans to enrich PANDA repertoire of unique PANDA physics: 

Ø Prioritise work on channels, extend coverage of complete physics case 
     à full simulations with realistic background estimations 
      à extension to include angular distributions (PWA) 
      à go for more realistic generators (incl. charm) 
Ø Combine efforts as much as possible  (CC, LQM, ,,,)  

               à data production, knowledge, ...  
 
 
 
=> New manpower welcome! 



mismatch	  
(B	  → V)	  

mismatch	  
(V	  → B)	  

bound	  

virtual	  
in
te
gr
al
	  

P>5%	  
2.25	  MeV	  

Sensi?vi?es	  Molecule	  Lineshapes	  (31	  x	  2d)	  
•  Extract standard deviation and bias from toy MC fits 
•  How well can virtual and bound state be distinguished? 
•  Uncertainty = σGaussian → Integrate in mismatch region 

01.	  12.	  2015	   K.	  Götzen	  -‐	  X(3872)	  scan	  reloaded	   30	  

Mismatch	  probability	  (31	  x	  2d)	  



Generated	  J/ψ	  Plots	  Examples	  
•  Signal pdf like in true reco; background flat 
•  Scaled bkg efficiency ROI → full window width (x 4) 

18.	  11.	  2015	   K.	  Götzen	  -‐	  X	  scan	  reloaded	   31	  

S	  =	  275.8	   + 16.8�
 –  16.7�

S	  =	  26.1	  + 9.7�
 –  9.0�



Illustra?on	  for	  Scan	  

18.	  11.	  2015	   K.	  Götzen	  -‐	  X	  scan	  reloaded	   32	  

N	  #mes	  ...	  

	  μ	  	  	  	  =	  	  	  1	  keV	  
rms	  =	  40	  keV	  

BW,	  21	  x	  2d	  in	  HESRr	  	  mode	  
3871.34	  MeV	  

3871.89	  MeV	  

nega?ve	  S	  allowed	  to	  avoid	  fi`ng	  bias	  
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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  
                  
 
 
    

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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Proposed FoM: Significance 

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

σN

0

2

4

6

8

10

12

14
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

0

2

4

6

8

10

12

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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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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σs= 10 nb,  Ecms =  5.5 GeV	


Dal QA    
ok < 1.5  
        



23/05/2014 Frank Nerling Scrutiny Process Activities at GSI    

Overview & Summary Results FoMs 

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

S/B QA    
green > 1  yellow > 0.1  red <= 0.1 
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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 
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Search for X à Z transitions at 
PANDA	
Talk by S.Lange,  

CM Uppsala, Sep 2015 


