
Dipping a toe in the neutron-rich waters 

of the fp shell and some ancient history 

 ≈ My life as a γ-ray spectroscopist!

Sean J Freeman

The University of Manchester, UK.

Similar physics and other parts of the fp shell studied by Robert 

in other ways, here concentrate on studies of nuclei produced 

by fusion-evaporation reactions with Gammasphere.



Some background: a partial history of recoil-γ at the FMA

181Ta(27Al,6n) 

@132,150 MeV

~5 mb

192Pt(16O,6n) @110 MeV



Argonne-Yale-European (AYE) Ball

176Hf(28Si,4n) @142 MeV 5μb

[then went sub-μb at Jyväskylä].



Early implementation of neutron detectors with 

Gammasphere at LBL and ANL.

Manchester bulletsUPenn hexagons



Gammasphere @ ANL: the Second Campaign



Gammasphere @ ANL: the Second Campaign



Neutron-rich fp shell

58V → 58Cr + β

54Sc → 54Ti + β and 48Ca+208Pb @GS

Could you probe nuclei in this region to higher spin with 

CN reactions?

Perhaps take the most neutron-rich stable beams and 

targets, fuse and select channels with evaporated 
charged particles to look for electromagnetic decays of 

the most neutron-rich residues?

Knowledge of this part of the fp shell in 2002



Yes, you can…

Gammasphere: Eγ, tγ

FMA: m/q, TOF,  E,  ΔE

48Ca+13C @ 130 MeV, 2p channel

9/2+ seemed oblate!

9/2+[404]?



With14C targets you could go further with 2p and analysis across both data sets 

and other reaction channels were very useful…2pxn and αn to Cr,

pxn to Mn and xn to Fe… 

9/2+ seemed prolate!

1/2+[440]

14C(48Ca,αn)57Cr



Rich detailed spectroscopy with complex low-spin levels and emergence of rotational bands 

to around 20ħ.

• Low-lying natural-parity states well described by SM with 

GXPF1A interaction. 

• Nuclei seem to have soft polarisable cores where 

excitations to the g9/2 orbital can easily distort the system, 

mainly prolate and sometimes oblate.

• But less well described in SM – Silvia Lenzi and coworkers 

included d orbitals from above.

Shell-model calculations from the Japanese groups esp. Michio Honma and TRS calculations from 

Furong Xu. 



Probe lower in the shell with 9Be(48Ca,xpyn)…



And to other regions… 
14C(18O,2p)30Mg

Tests of early cross-shell interactions….. 

More recently solenoid + ISOL facility: 

d(28Mg,p), d(30Mg,p), d(27Na,p)….

27Na(d,p)28Mg(d,p)



Enthusiasm
Encouragement
Advocacy
Leadership

THANK YOU!
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