
Antiprotonic atoms with short-lived nuclei
—— Obsolete Projects ——

pbar-RI at SLOWRI/RIKEN Exo-pbar at FAIR/GSI

trap pbar @ AD/CERN 
send RIKEN via Siberian Railway 
pbar + halo nuclei @ SLOWRI/RIKEN

2003

M. Wada, Y. Yamazaki NIMB214(2004)196

2004

trap pbar @FLAIR 
RI-beams from Super-FRS LEB 
pbar + halo nuclei @FAIR

too ambitious?
no facilities have been built,

no collaboration exists

GSI TDR 2005

Michiharu Wada, KEK
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Motivation 
Since 1985, “neutron halo” 

becomes sensational in 
nuclear physics

I. Tanihata et al, PRL55(1985)2676 T. Kobayashi et al, PRL60(1988)2599

More Spectroscopic or 
Direct indication?

Interaction 
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Optical Spectroscopy of neutron halo

K. Okada et al, PRL101(2008)212502 I. Takamine et al, PRL112(2014)162502

Bohr-Weisskopf effect for valence neutron radius

More Universal Method?



Bubble Chamber 
experiment in 1973Neutron halo from Antiproton absorption



Hartmann et al, PRC 65(2001)014306
Cascade X-rays limit: Nuclear size

Antiprotonic atoms of stable nuclei by Warsaw Group
Radiochemical identification: Halo factor

Jastrzebski et al, NPA 558(1993)405c

rn − rp vs. (N − Z )A Trzcinska et al, PRL 87(2001)082501









Wada, Yamazaki, AIP Conference Proceedings 793, 233 (2005)

More detailed statistical treatment including Multiplicity
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nuisance effects can be evaluatable by including multiplicity





PUMA

PUMA2 ?





GSI TDR 2005

Beam Transport between Super FRS LEB and FLAIR



Optics of bi-directional BTL for Heavy Ions and Antiprotons

Heavy Ion Antiproton

GSI TDR 2005



competition in FAIR LOIs

P. Kinle et alM. Wada et al



PUMA

Best & Unique Location:

CERN AD  + CERN ISOLDE

Strong Collaboration:
Lead by Alexandre

Possible X-ray measurements:

Xenon TPC ?

Yell to


