




Advantage 
•  Precise spectroscopy 

•  Structure in detail 
•  Clean experiment 

Difficulties 
•  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,  
started in 2015 
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Accessible to neutron- and 
proton rich hypernuclei 

Heavy hypernuclei: A > 4 
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Phase 2 at FAIR 
Neutron rich hypernuclei 

Phase 3 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 





Topical session for the hypertriton lifetime, on Tuesday 
•  talk by Christophe Rappold for the HypHI results 

C. Rappold et al., NPA 913 (2013) 170 
C. Rappold et al., PRC 88 (2013) 041001(R) 
C. Rappold et al., PLB 728 (2014) 543 
C. Rappold et al., PLB 747 (2015) 129  



Funding 
•  Helmholtz-University Young 
Investigators Group VH-
NG-239, 2006-2012 
•  DFG grant SA1696/1-1 
  2007-2009, TOF detectors 





•  Statistical analysis of Λ invariant mass                
  (-100 mm < Vertex Z < 300 mm) with RooStats and RooFit package 
•  Fitting model = ns (Gaus: sig_m, sig_s) + nb (Chebychev: a0, a1, a2) 

p+π- for Λ 3He+π- for 3ΛH 4He+π- for 4ΛH 
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talk by C. Rappold on Tuesday 
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talk by C. Rappold on Tuesday 
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FIRST evidence of the short hypertriton lifetime  
with the counter experiment technique (~2σ) 

talk by C. Rappold on Tuesday 



•  Combined analyses with calculated 
likelihood functions 
•  Bayesian analysis 

talk by C. Rappold on Tuesday 
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talk by C. Rappold on Tuesday 

Bayesian analyses:  
•  Upper limit with 95 % confidence level 

3
ΛH : 250 ps (B10 = 2.7) 

4
ΛH : 227 ps (B10 = 3.8) 



V. Bozkurt and K. Yoshida, PhD thesis 
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Λ->p+π- 3
ΛH->3He+π- 

Phase 0 (6Li+12C) 

~ 12σ ~ 11σ



V. Bozkurt, Ph.D. thesis, to be published 
c.f.: Phase 0, 183      ps +42 

-32 

170      ps +46 
-30 

talk by C. Rappold on Tuesday 

Unbinned maximum likelihood fitting  



No theories to explain the short lifetime of 3ΛH 

talk by S. Piano on Tuesday 

talk by C. Rappold on Tuesday 

talks by N. Shah and Y. Xu on Tuesday 



talk by C. Rappold on Tuesday 







C. Rappold et al., PLB 747 (2015) 129 



C. Rappold et al. (HypHI coll.), to be published 



Y.G. Ma, STAR collaboration, EPJ Conf. 66, 04020 (2014) ALICE collaboration, arXiv:1506.08453 (2015) 

T.A. Armstrong et al., Phys. Rev. C70, 024902 (2004) 
C. Rappold et al., Phys.Lett. B747, 129 (2015) 
STAR collaboration, EPJ Conf. 66, 04020 (2014) 
STAR Collaboration, Science 328, 58 (2010) 
ALICE collaboration, arXiv:1506.08453 (2015) 

AMPT + Coal. : S. Zhang et al., Phys.Lett.B684 (2010) 224 
DCM model : J. Steinheimer et al., Phys.Lett.B714 (2012) 85 
Thermal model : A. Andronic et al., Phys.Lett.B697 (2011) 203 
Hybrid UrQMD : J. Steinheimer et al., Phys.Lett.B714 (2012) 85 
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Observed d+π- : 202 
Observed t+π- : 181 

Neutral nucleus with Λ, nnΛ ??

3
Λn -> t + π- 

3
Λn -> t* + π- -> n + d + π- 

What is this? 



nnΛ can not be bound 
based on the current understanding of 3ΛH 

No theories to explain the short lifetime of 3ΛH 



talk by C. Rappold on Tuesday 
HypHI Phase 0.5 
ALICE 
STAR new 
HypHI Phase 0 
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(3He+π-)/(All π- decay channels) 

STAR 
(3He+π-)/((3He+π-)+(p+d+π-)) 

(3He+π-)/((3He+π-)+(p+d+π-)+(2p+n+π-)) 



These can be subjects for experiments planed at 
FAIR Phase 0 and 1 

One of Day-1 experiments in NuSTAR/FAIR 





Threshold for 

Λ-production 

Coulomb excitation 
up to E* ~ 13 MeV 
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  FAIR/Super-FRS   

GSI/FRS 
Threshold for 

Δ-excitation 



FRS used as the 0 degree forward spectrometer 
with an excellent momentum resolution 



S2 

FRS used as the 0 degree forward spectrometer 
with an excellent momentum resolution 









σ : ~ 0.8 MeV 
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RMS:  
0.85 MeV 
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ΛH) should be equal to τ(Λ, 263 ps) 

However,  
τ(3ΛH) = ~ 180 ps 

T. Bertrand et al., NPB 16(1970)77 

Jπ = 1/2+ 

0.35 ± 0.4 

Jπ = 3/2+ 

J. G. Congleton, J. Phys. G 18, 339 (1992) 

Three body decay observed by STAR 
                  talk by Y. Xu on Tuesday 

Branching ratio information by STAR will be 
very IMPORTANT 

(3He+π-)/(All π- decay channels) 
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C. Rappold, PhD thesis 




