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Figure from H. Merkel (Mainz Univ.) for HYP2006 

Conversion: p → Ξ-: Ξ-p → ΛΛ	



Advantage 
•  Precise spectroscopy 

•  Structure in detail 
•  Clean experiment 

Disadvantage 
•  Limited isospin 
•  Small momentum transfer to 
separate hypernuclei 
•  Difficulties on decay studies 
•  Only up to double-strangeness 

Hypernuclear spectroscopy  
with heavy ion beams 

HypHI project 
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Accessible to neutron- and 
proton rich hypernuclei 



H. Bando et al., NPA 501 (1989) 900 



Difficult in yields for A>4 
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C. Rappold, PhD thesis 



Known hypernuclei 



Known hypernuclei 
104 /week 
103 /week 

Phase 1 (2012-2018) at GSI 
Proton rich hypernnuclei 



Known hypernuclei 
104 /week 
103 /week 

Phase 1 (2012-2018) at GSI 
Proton rich hypernnuclei 

Phase 2 (2018-) at R3B/FAIR 
Neutron rich hypernuclei 



Known hypernuclei 
104 /week 
103 /week 
With hypernuclear separator 
Magnetic moments 

Phase 1 (2012-2018) at GSI 
Proton rich hypernnuclei 

Phase 2 (2018-) at R3B/FAIR 
Neutron rich hypernuclei 

Phase 3 (202X-) at FAIR 
Hypernuclear separator 



Known hypernuclei 
104 /week 
103 /week 
With hypernuclear separator 
Magnetic moments 

Phase 1 (2012-2018) at GSI 
Proton rich hypernnuclei 

Phase 2 (2018-) at R3B/FAIR 
Neutron rich hypernuclei 

Phase 3 (202X-) at FAIR 
Hypernuclear separator 

Phase 0 experiment in 2009:  
Demonstrate the feasibility of 
precise hypernuclear spectroscopy 
with heavy ion beams 
6Li beam at 2 A GeV on 12C target 



Funding 
•  Helmholtz-University Young 
Investigators Group VH-
NG-239, 2006-2012 
•  DFG grant SA1696/1-1 
  2007-2009, TOF detectors 
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Active Target: 12C, 8 g/cm2 
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Beam: 6Li at 2 A GeV, 3X106 /s 
Active Target: 12C, 8 g/cm2 
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O. Borodina, V. Bozkurt, E. Kim, D. Nakajima, C. Rappold, K. Yoshida , PhD thesis 
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D. Nakajima, PhD thesis, NPA in press 

p + π- for Λ 3He + π- for 3ΛH  4He + π- for 4ΛH 



115±19 
6.6 σ	







Z=1 Z=2 and 3 

Fiber eff. 0.61 1 

Chamber eff. 0.98 1 

TOF+ trigger sup 0.03 1 





D. Nakajima, PhD thesis, NPA in press 
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p + π- for Λ 3He + π- for 3ΛH  4He + π- for 4ΛH 

E. Kim, PhD thesis, NPA in press 



d + π-  t + π-  

E. Kim, PhD thesis 
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d + π- d + p 

E. Kim, PhD thesis 



d + p + π- p + π- 

d + π- d + p 

E. Kim, PhD thesis 

d + π- peak does not originate from the physical 
background of the three-body decay of 3ΛH 
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E. Kim, PhD thesis 

Possible sources of d + π- and t + π- peaks 
•  d + π- 

•  nΛ bound state -> d + π- ??? 
•  Conflicting to former studies with scattering  length and 
structures of 3- and 4-body hypernuclei 
•  nnΛ bound state -> t* + π- -> d + n + π-  (n is missing in the 
measurements) 

•  t + π- 

•  nnΛ bound state -> t + π- ??? 
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~20 MeV excitation 
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Hyper-residues 
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Hyper-residues 

Must be suppressed in the central collision  

HypHI : projectile fragment 
Other heavy ion experiments: central collision 



Similar results for B = 5 keV !!!!! 
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ΛH (d+Λ)  4

ΛH (t+Λ) nΛ (n+Λ)	


Normalized 
observed ratio	



1.00 0.17 4.12 

Fermi breakup 1.0 0.0 3.7 

 -> Talk by A. Botvina 



C. Rappold, PhD thesis 

1 

3 

2 









3
ΛH 



Λ 


