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Gamma-ray spectrum from a GAMMASPHERE experiment 
-  Purdue University, April 23, 2001  - seen by Robert and me for the first time
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32 years earlier



Evolution of single particle orbitals around the doubly magic 40Ca, 48Ca and 56Ni

 R.A. Ricci, P.R. Maurenzig
    Riv. Nuovo Cim. 1, 291 (1969).
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Among the new neutron magic 
numbers predicted far from stability: 
16, 28, 32, 34, 40, 50 and 58,
only N= 32 could be checked 
experimentally in a near future. 

In particular, it would be interesting to 
obtain information about 52Ca32, which 
is predicted to be doubly magic.
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February 2001: 
I was asked to referee the manuscript 
„New Evidence for a Subshell Gap at N=32”
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A. Huck et al.,
Phys. Rev. C 31,  2226 (1985)

J.I. Prisciandaro et. al., 
Phys. Lett. B 510, 17 (2001)
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48Ca (305 MeV) + 208Pb (thick)    ATLAS + GAMMASPHERE   at Argonne

Gammasphere

two excited products
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two excited products



Robert’s visit to Purdue University – April 2001

The Physics Building at Purdue University in West Lafayette, Indiana



with GAMMASPHERE at ARGONNE

Ti’s with A>52

Ti’s with A>52



48Ca+208Pb GAMMASPHERE results matched perfectly 
with β-decay measurement of 54Sc performed at MSU using Kr-beam fragmentation 

1495



Beta-decay of the 54Sc parent
following Kr-beam fragmentation at MSU

Deep-inelastic reaction 48Ca + 208Pb 
with Gammasphere at Argonne1495

1001



Physics Letters B 546,  2002, 55-62



GXPF1

34

GXPF1 Shell Model interaction

Physical Review C 65, 061301(R) (2002)



From the strength of V interaction, we can 

predict other magic numbers, for instance, N=34 

associated with the f7/2 - f5/2 interaction.

Physical Review Letters 87, 082502 (2001)
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GAMMASPHEREA at ATLAS
48Ca (330 MeV) + 238U (thick)

Use 238U as a reservoir of neutrons

MSU: 86Kr fragmentation
A1900 fragment separator

1.3 • 104    56Sc implants

•  „Search for the N=34 shell closure” 
     at MSU in 2003
     (spokespersons: P. Mantica, S. Liddick)

•   „Yrast Structure of Neutron-Rich N=30-34 Nuclei – 
     Search for the Shell Gap at N=34” ; 
     GAMMASPHERE at ATLAS in 2003
     (spokespersons: B. Fornal, R.V.F. Janssens, P. Mantica)

Search for 56Ti
Same Techniques:  decay and Deep Inelastic reactions



Search for 56Ti
Same Techniques:  decay and Deep Inelastic reactions

S.N. Liddick et al., PRL 92, 072502 (2004)

S.N.Liddick (P.F.Mantica, R.V.F.Janssens, B.Fornal) et al., 
Phys. Rev. C 70, 064303 (2004)

B.Fornal (R.V.F.Janssens, P.F.Mantica) et al., 
Phys. Rev. C 70, 064304 (2004)
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GXPF1

34

Physical Review C 70,  064303, 2004

Physical Review C 70,  064304, 2004



Modification of the GXPF1 interaction – 
a GXPF1A interaction

Four T=1 two body matrix elements involving  orbitals p1/2 
and f5/2  have been changed.

Eur. Phys. J. A 25, 499  (2005)

M. Honma, T. Otsuka, B.A. Brown, and T. Mizusaki
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In 2006 and 2007,
we made two attempts 

at MSU to identify 
the first 2+ excitation in 54Ca:

 

- by measuring gamma rays following beta decay of 54K

 - by searching for a low-lying microsecond isomer in 54Ca, expected to decay 
   to the 2+ state.

We did not succceed – the statistics were too low – however, the cumulative spectroscopic 
evidence that we gathered along the way on 53,54,55,56Ti,   52,53,54,55Sc, and 51Ca indicated 

the presence of a shell gap at N=34!



Six years later



34

3432

NATURE 498 (2013) 346

Radioactive Isotope Beam Factory at RIKEN



The measured masses unambiguously 
establish a prominent shell closure at 
neutron number N = 32, in excellent 

agreement with our theoretical calculations.

ISOLDE CERN

NATURE 498 (2013) 346
earlier experiments
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NN+3N (MBPT)
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The new masses provide 
experimental evidence for the 
appearance of a sizable energy 
gap between the neutron p1/2 
and f5/2 orbitals in 54Ca, 
comparable to the gap at N=32 
in 52Ca.

Radioactive Isotope Beam Factory at RIKEN

earlier 
experiments
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Phys. Rev. Lett. 121, 022506 (2018)
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NN+3N (MBPT)



Robert, thank you for 

a wonderful journey across 

the N=32 and N=34 shell gaps 

in the nuclear landscape - 

taken together with our 

friends and collaborators.



Dear Robert,
 be HEALTHY, 
 keep enjoying SCIENCE,
 enjoy LIFE…
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