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Link between hadronic and QCD- descriptions

partial restoration of chiral symmetry

｜‹qq›ρ,T｜→ 0 for ρB , T➚−

parameter range (ρB,T) reached in 
reactions with heavy-ion, γ,π, p-beams 

S. Klimt et al., PLB 249 (1990) 386

chiral condensate as function of 
baryon density ρB and temperature T

but, chiral condensate is not an
 experimental observable
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H. Nagahiro, M. Takizawa and S. Hirenzaki,
Phys. Rev. C 74 (2006) 045203

SU

large medium effect could be seen 
even at normal nuclear density

V. Bernard und U.-G. Meiβner, 
Phys. Rev. D 38 (1988) 1551

  the mass of the η’ meson is 
almost independent of density 

• model predictions - based on NJL

spectral function of the η’ meson

SU(3)

6
discrepancy between theoretical predictions requires exprimental clarification !!

Y. Kwon, S.H. Lee, K. Morita, and G. Wolf, PRD 86 (2012) 034014

UA(1) breaking part of η’ mass (≈460 MeV) lowered by 20%: ➠ Δmη’ (ρ0)≈-90 MeV



experimental results on η’ interactions

p p →p p η’  @ COSY

analysis of final state interactions gives estimate of η’- proton scattering length

(P. Moskal et al., PLB 482 (2000) 356)•

ultra-relativistic heavy-ion collisions @RHIC• (Csörgo et al.,  PRL 105 (2010) 182301)

⎮aη’p⎮≈ 0.1 fm weak η’- nucleon interaction➠

two-pion Bose-Einstein correlation analysis of PHENIX and STAR data indicates 

massdrop of η’ meson in highly compressed and heated collision zone

 Δmη‘  ≈ -200 MeV ➠ very strong η’- nucleon interaction

conflicting experimental evidence !!!
further experiments needed
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photoproduction of η’ mesons off nuclei at ELSA

CBELSA/TAPS-detector system : ≈4π photon detector system
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Experimental approaches to determine 
the meson-nucleus optical potential  

meson-nucleus optical potential
U(r) = V (r) + iW (r)
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photoproduction of η’ meson off  12C, 40Ca, 93Nb and 208PbEγ  = 1500 - 2200 MeV;

The imaginary part of the η’-nucleus potential 

M. Nanova et al., PLB 710 (2012) 600
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Determination of the real part of the η’-nucleus potential
J. Weil,  U. Mosel and  V. Metag,  PLB 723 (2013)120

E. Paryev,  J. Phys. G: Nucl. Part. Phys. 40 (2013) 025201
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  the production threshold
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excitation function for η’ photoproduction off C

decay mode:  η’ → π0π0η  

comparison of CBELSA/TAPS data with 
calculations by E. Paryev, J. Phys. G: Nucl. Part. Phys. 40 (2013) 025201  

and priv. communication

excitation function

calculations normalized to data for 
Eγ = 2000-2500 MeV; downscaled by 1.2
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excitation function for η’ photoproduction off C

decay mode:  η’ → π0π0η  

comparison of CBELSA/TAPS data with 
calculations by E. Paryev, J. Phys. G: Nucl. Part. Phys. 40 (2013) 025201  

and priv. communication
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consistent with predictions by:
 S. Bass and A.W.Thomas, Acta Phys. Pol. B 41 (2010) 2239
 H. Nagahiro et al., PLB 709 (2012) 87.                                            
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Summary

I. Imaginary part of the η’- nucleus optical potential determined from 

   transparency ratio measurements:  W(ρ=ρ0)=−Γ0/2 = -10±2.5 MeV

2. Real part of the η’- nucleus optical potential determined from:

  a. measurement of the excitation function of the η’-meson

     

  b. measurement of the momentum distribution of the η’-meson:

           

V(ρ=ρ0) = -40±6  MeV

V(ρ=ρ0) = -32±11  MeV

Uη’A(ρ=ρ0) = -(37±10(stat) ±10(syst) + i(10±2.5)) MeV

First (indirect) observation of a mass drop of a peusdoscalar
meson in nuclear matter at normal conditions (ρ=ρ0; T=0)

experiments searching for η’ mesic states at FRS@GSI and  BGO-OD@ELSA
η’ promising candidate for mesic states ! V >> W !  ➯ 3.
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M. Nanova et al., arXiv:1311.0122; to be published in PLB
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search for η’ mesic states at FRS@GSI and BGO-OD@ELSA

GSI 12C(p,d) η’X @ 2.5 GeV

K. Itahashi et al.,
Prog. Theo. Phys. 128 (2012) 601

K. Itahashi et al.:FRS@GSI

missing mass spectroscopy

ELSAγ+12C→η’⊗11B+p @2.2-2.8 GeV

semi-exclusive measurement:
coincident detection of forward going proton

 and decays of η’ mesic states: η’N→η N 
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V = 0 MeV
V = -25 MeV;  
 V = -50 MeV
V = -75 MeV
V = -100 MeV;  
V = -150 MeV
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high sensitivity to different scenarios at threshold  

η’→π0π0η→6γ BR:  8.1%Eγ  = 1250 - 2600 MeV

differential cross sections for η’ photoproduction off 12C

sensitivity to different scenarios E. Ya. Paryev, priv. communication

strong mass shift not supported by data  
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