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Meson Properties at Finite Density  
    from Meson Nucleus Systems 
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cf.) NJL model with KMT	
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     Vector mesons in nucleus  

= Transparency ratio and Invariant mass =  
with  
S. Tokunaga (Nara Women’s Univ.) 

J. Yamagata-Sekihara  
              (Oshima National College  
                            of Maritime Technology)    
H. Nagahiro (Nara Women’s Univ.) 
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Mass shift: 3.4% Mass shift: no mention 

Summary Table -- Results by independent groups  	
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meson	


•   Isolated peak structure 
•   Long life time  
   (selection of slow particle)	
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We consider          here. 	


• DATA by KEK E325, LEPS/SPring8, JPARC E16 
            R. Muto et al., Phys. Rev. Lett. 98 (2007) 042501 
             T. Ishikawa et al., Phys. Lett. B 608 (2005) 215-222 
             T. Sawada, Doctor Thesis, Osaka University (2013) 
• Thoretical works from Hatsuda and Lee, importance and sensitivity to  
S quark condensate.        	
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Mass shift: 3.4% Mass shift: no mention 
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First step 	


* Describe ‘Transparency ratio (LEPS/SPring8)’   
 and  ‘Invariant Mass (KEK E325)’ in an unified manner.   

* Find the consistent interpretation of the observables.  
  And deepen the understanding between observables  
  and meson properties. 

（* Possible suggestions to future experiments ?） 
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-T. Ishikawa et al., Phys. Lett. B 608 (2005) 215-222 
-T. Sawada, Doctor Thesis, Osaka University (2013)	


Transparency ratio	


A	
 : mass number	
     : incident photon number 	


: Flux loss of the incident photon 	


: Flux loss of phi  	


: path of the phi 	
 : phi momentum	


Formula of the transparency ratio	
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Calculated 
 Results	
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Decay phi number 	


: Num of Incident particles	


: Branching Ratio of phi in vacuum,                         	


: Produced phi at (b, z0) 	


: Number of phi at  
(b, z) 	
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An Example	


入射粒子	


φの生成位置	


(φの飛距離)	


Production at origin    	


Distance from production point	


density	

phi production point	


Incident 	

phi emission	
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Phi meson decay number per unit length 	


Phi meson decay number to e+e- channel 	
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Distance from production point 	


Target case	
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Distance from production point 	


Target case	
 Target case	


density	
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Nuclear center	

Distance from production point 	


Nuclear surface/ Outside	


Target case	
 Target case	


density	
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Phi meson decay number per unit length 	


: φ中間子の生成位置	


C : φ中間子の質量変化の大きさを決めるパラメータ	
 

Phi meson decay number to e+e- channel 	


Invariant mass distribution seen in e+e- decay channel	


phi production point	


Full width in vacuum	
 phi mass in vacuum     	


Parameter for mass shift	
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Numerical Results – Invariant Mass of e+e- pair 	
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-R. Muto, et al., Phys. Rev. Lett. 98 (2007) 
042501.	


KEK-PS E325 exp, Target ：　　　,   	
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-R. Muto, et al., Phys. Rev. Lett. 98 (2007) 
042501.	


KEK-PS E325 exp, Target：　　　　,   　	


　　標的の数値計算結果と比較して、核内崩
壊したφ中間子による不変質量分布の変化
が現れている	


              Some extra strength seen,  
              from in-medium decay 



E
TA

07
 in

 P
en

is
co

la
, 1

1 
M

ay
 2

00
7 

27	


-S. Yokkaichi,  
“Measurements of di-electron invariant mass spectra at KEK-PS and 
J-PARC”,  
talk given at Hadrons in Nuclear medium, Tohkai, Ibaraki, 27th, Oct.,
2014. 

J-PARC E16 exp,  Target：　　　      (Simulation by Yokkaichi ) 	
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cf.) NJL model with KMT	
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            Summary of various report for eta(958)-N and eta(958)-Nucleus int. 
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pseudoscalar-baryon (PB) : Weinberg-Tomozawa interaction	


by the η -η’ mixing	


vector-baryon channels : through PB-VB interaction	
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their result : 	


coupling of the singlet component of pseudoscalar to baryons 	


Borasoy , PRD61(00)014011 
Kawarabayashi-Ohta, PTP66(81)1789	


B	
 B	

α	
 α … free parameter	


Oset-Ramos, PLB704(11)334	


35 
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light nucleus	
   heavy nucleus	
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light nucleus	
   heavy nucleus	
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Experimental  at GSI 
•  1st Step : Inclusive measurement of (p,d) reaction with FRS at GSI  

39 

Simulation of spectra 

By K. Itahashi, Y. Tanaka,  
     H. Fujioka  
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N. Ikeno , J. Yamagata-Sekihara, H. Nagahiro and S. Hirenzaki, PTEP(2013) 063D01  
N. Ikeno, H. Nagahiro and S. Hirenzaki, EPJA47 (2011) 161 
N. Ikeno, R. Kimura, J. Yamagata-Sekihara, H. Nagahiro, D. Jido, K. Itahashi, L. S. Geng 
and S. Hirenzaki, PTP126 (2011) 483 

= N. Ikeno, J. Yamagata-Sekihara, H. Nagahiro  

= GSI           RIBF/RIKEN  
                     * Higher Intensity!Syatematic study  
                     * Finite angle observation  
                     * Better resolution  
                     * Unstable nuclei  
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     Odd neutron target case 	
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= S. Okada,  

= J. Yamagata-Sekihara, E. Hiyama  
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