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Spectroscopy of Exotic  
XYZ States at GSI 



Why hunt for XYZ States? 

Å BESIII 2013: Discovery of manifestly exotic Zc(3900)Ñ! 

ïDecay to ὐȾ‪ requires ὧὧӶ content 

ïCharge requires όὨӶ content 

Å Need complete multiplets to understand inner structure 

ü Identify more states 

üEstablish additional decay channels 
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Zc
 (3900)±  

[N.Drenska et al., Riv. Nuovo Cim. 033 (2010) 633] 
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Minimal quark content: ὧὧӶόὨӶ  



The Charmonium Spectrum 
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ÅCharmonium predictions  

fitted well until 2003 

Charmonium Level Scheme 



XYZ - Status 
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ÅCharmonium predictions  

fitted well until 2003 

ÅSince 2003: >20 new  

charmonium-like states  

not fitting well the predictions 

 

ÅExtremly narrow X(3872) 

ÅSeven charged states: 

Z(3900)+, ..., Z(4430)+ 

ÅSupernumerary 1-- states like Y(4260) 

Possible strange partner: Y(2175) 

 

Charmonium Level Scheme 

4260 



Hadronspectroscopy at GSI 

Involved in 3 Experiments for "XYZ-Hunting" 

 

Å PANDA @ FAIR: Experimental antiproton-pillar of FAIR 

ïPrecise energy scan of X(3872) line shape 

 

 

Å BESIII @ IHEP: Beijing BEPC (e+e- collider) 

ïSearch for Y(4260) decays and connected Z states 

 

 

Å GlueX @ JLab: High energy photo production 

ïSearch for strange partner state Y(2175) 

 

 

 

 
K. Götzen Search for Exotic XYZ States @ GSI 5 

Y(4230) 
Y(4380) 

Y(2175) 

X(3872) 

[Phys. Rev. D 103, 032006 (2021), arXiv:2010.14415] 

[Eur. Phys. J. A 55 (2019) 3, 42, arXiv:1812.05132] 



Y(2175) 

Hadronspectroscopy at GSI 

Involved in 3 Experiments for "XYZ-Hunting" 

 

Å PANDA @ FAIR: Experimental antiproton-pillar of FAIR 

ïPrecise energy scan of X(3872) line shape 

 

 

Å BESIII @ IHEP: Beijing BEPC (e+e- collider) 

ïSearch for Y(4260) decays and connected Z states 

 

 

Å GlueX @ JLab: High energy photo production 

ïSearch for strange partner state Y(2175) 
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[Phys. Rev. D 103, 032006 (2021), arXiv:2010.14415] 

[Eur. Phys. J. A 55 (2019) 3, 42, arXiv:1812.05132] 

Y(4230) 
Y(4380) 

X(3872) 



The Experiments: PANDA and BESIII 
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ὴӶὴ collisions @ ί = 2.2 ... 5.5 GeV 

fl = 2 Ā 1031 cm-2s-1 ...  2 Ā 1032 cm-2s-1 

dp/p = 2 Ā 10-5  ...  1 Ā 10-4 

 

Å Physics Programme 
ÅHadron Spectroscopy 

ÅHadron Structure 

ÅHypernuclei and more 

Å Target and Forward Spectrometer 
ÅTracking (Straws) and Vertexing (Pixel/Strip) 

ÅEM Calorimetry 

ÅParticle Ident. (dE/dx, DIRC, ToF, Muo) 

ὩὩ  collisions @ ί = 2.0 ... 4.6 GeV 

fl = 1 Ā 1033 cm-2s-1 

dp/p = 5 Ā 10-4 

 

Å Physics Programme 
ÅHadron Spectroscopy 

ÅCP Physics 

ÅTau Physics 

Å Symmetric Detector 
ÅTracking (Drift Chamber) 

ÅEM Calorimetry  

ÅParticle Identification (dE/dx, ToF, Muo) 



BESIII: Study Y and Z states 



BESIII: Search for Y(4260) Ÿ ́c + recoil 

Å Large dataset of ~18 fb-1 in XYZ energy region [4.0 - 4.6 GeV]  

Å Search for ZÑ/0 decaying to charmonium ground state ɖc (0
ī+ c ) 

Å Measure energy dependent production cross section  

 

 

 

 

 

 

 

Å Analysis strategy: 

ï Investigate largest six data samples between ί = 4.18 ... 4.6 GeV  

ï Reconstruct 16 different decay channels of ɖc 

ï Perform simultaneous fit (ɖc/Zc + recoil) to all spectra for each energy 

ï Study possible intermediate states in energy dependent cross section 
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[Phys. Rev. D 103, 032006 (2021), arXiv:2010.14415] 
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same final state 



Simultaneous fit of 16 decay channels 

Å Simultaneous fit example: ɖc
+́ ī́́ 0 @ Ecm = 4.23 GeV 

Å Signal(s) barely visible 
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[Phys. Rev. D 103, 032006 (2021), arXiv:2010.14415] 


