
Exotic Atoms and Exotic Nuclei 
= New kind of Sub-atomic Matter = 
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  Exotic Atoms (ex. Kaon)  

  Exotic Nuclei (ex. Kaon)  

K－	

K－	

Objects  -- Exotic Atoms and Exotic Nuclei --	
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Exotic few body systems.     
(core, fermion, boson) 

cf. Neutron/Proton rich nuclei, Hyper nuclei 	
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cf.) NJL model with KMT	  
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Kaonic Atom data 

C.T.A.M. De Laat, et al.,  Nucl.Phys.A523:453-487,1991.	

S. Hirenzaki, Y. Okumura, H. Toki, E. Oset, A. Ramos,   
Phys.Rev.C61:055205,2000.	
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Toki, Yamazaki(1988), Toki, Hirenzaki, Yamazaki, Hayano (1989) 
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N 

initial final 
look carefully !! 

In-Medium Dispersion Relation 

meson 

Medium Effects 

Peaks!! 

==  Add extra Hadron(s) to the system ==	
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Cover of INS (inner-) News 
Letter, 1 Aug 1996 
(Institute for Nuclear Study,  
University of Tokyo, Japan) 	

First Observation	
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Cover of INS (inner-) News 
Letter, 1 Aug 1996 
(Institute for Nuclear Study,  
University of Tokyo, Japan) 	

First Observation	



E
TA

07
 in

 P
en

is
co

la
, 1

1 
M

ay
 2

00
7 



E
TA

07
 in

 P
en

is
co

la
, 1

1 
M

ay
 2

00
7 



E
TA

07
 in

 P
en

is
co

la
, 1

1 
M

ay
 2

00
7 





Latest experimental activitie  Fujioka’s Talk	
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cf.) NJL model with KMT	  
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?	

  Mass reduction in finite T/ρ?	  
[NJL model w/ KMT interaction]	

[experimentally	  observed	  enhanced	  produc9on	  of	  so;	  pions	  
Interpreted	  as	  mass	  reduc9on	  of	  	  η’	  in	  the	  hot	  medium	  [Csorgo	  et	  al.,	  PRL105(10)182301]]	

  Small scattering length ?	  

  Smaller absorption width in medium ?	

CBELSA/TAPS [M.Nanova et al., PLB710(12)600]	

nucleus	

η’ 
(Please see Fujioka’s GOOD compilation. ) 	
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Pseudoscalar-baryon (PB) : Weinberg-Tomozawa interaction	

by the η -η’ mixing	

Vector-baryon channels : through PB-VB interaction	

P	

B	

V	
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V	

V	

B	
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V	

P	

B	 B	

P	

their result : 	

Coupling of the singlet component of pseudoscalar to baryons 	

Borasoy ,  PRD61(00)014011 
S. Bass, Phys.Lett. B463 (1999) 286  

Kawarabayashi-Ohta, PTP66(81)1789	

B	 B	
α	 α … free parameter	

E. Oset, A. Ramos; PLB704 (11) 334	

19 
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We consider only the attractive case & energy-independent potential.	

N	

t	

[H.Nagahiro, S. Hirenzaki, E. Oset, A. Ramos, PLB709(12)87] 

0.1	

0.3	

0.5	

1.0	

in unit of MeV	  

20 
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B	 B	
α	

B	 B	

M	

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

This interaction …	  

21 
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target : 12C, (16O, 40Ca)	

missing mass spectroscopy	

forward reaction :  θd = 0 deg.	

No information	

assumptions	

K.Nakayama in private comm 
Itahashi et al., PTP128(12)601 

K. Itahashi, H. Fujioka et al., PTP128(12)601	  
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one neutron-hole state (excited states of daughter nucleus)	
hole	 hole	 hole	

0p3/2	 0p1/2	 0d3/2	

0s1/2	 18	 12	 0p3/2	 6.3	 0	 1s1/2	 3.2	 7.7	

0s1/2	 29	 19	 0d5/2	 8	 3.7	

0p1/2	 25	 21.6	

0p3/2	 25	 21.6	

0s1/2	 48	 30.5	

 11C	 15O	 39Ca	

s, p	 s, p, d	 s, p, d, f, g	

Light nucleus	   Heavy nucleus	  

merit 
demerit	   to see peaks	  

ob
se

rv
ed

 s
pe

ct
ru

m
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Light nucleus	   Heavy nucleus	  
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Light nucleus	   Heavy nucleus	  
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Partial restoration of Chiral sym. and UA(1) anomaly effect 
in the viewpoint of mesic-nuclei 

(possible) large mass reduction without large absorption	

  attraction from ‘elastic’ interaction 
  smaller inelastic channel 

special feature of η’	

26 

possibilities to observe bound state peaks 
	  Experiment	  
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Remarks on the past experiment of (π+,p) [1988, Chrien et al.] 
based on H. Nagahiro, D.Jido, S.H., PRC80(2009)025205  
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Very High precision Measurement (plan) 
 to investigate Kaon-Nucleus interaction  

Study of Kaonic Nucleus,  
    Kaon in Nuclear Matter etc    	



Slide by  
S. Okada (RIKEN) at EXA2014	
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