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Dipping a toe in the neutron-rich waters
of the fp shell and some ancient history

=~ My life as a y-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.
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vy decay from states at low excitation energy in the neutron-deficient isotope,

200Rn, identified by correlated radioactive decay
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Schuster Laboratory, University of Manchester, Manchester M13 9PL, United Kingdom

D. J. Blumenthal,” M. P. Carpenter, C. N. Davids, C. J. Lister, R. V. F. Janssens, and D. Seweryniak

Argonne National Laboratory, Argonne, lllinois 60439
(Received 23 August 1996)

g{ (a)

Counts per kel

8 ib)

58 60 62 64 66 68
Parent Energy (MeV) 2 4

300

176Hf(28Si,4n) @142 MeV 5ub
[then went sub-ub at Jyvaskylal.

433keV

400 500
Transition Energy (keV)

504kaV

S504keV




yrvemey Early implementation of neutron detectors with

1824

neonessomase G@MmMasphere at LBL and ANL.

i

.);-%.' ‘~.- ‘

*;_'

UPenn hexagons Manchester bullets



Gammasphere @ ANL: the Second Campaign

The University of Manchester




Gammasphere @ ANL: the Second Campaign

The University of Manchester

e
;;’—"_q-s

o —

=




<=

PHYSICS LETTERS B

5 o

Y

- . FLSEVIER Fhysios Ltters B 346/ G008) 3542 wirw slseviercomocatinpe
aieek el Neutron-rich fp shell

The University of Manchester Structure of 32°*Ti and shell closures in neutron-rich nuclei
above 48Ca

%I) 21 June 2001 _ R.VF. Janssens **, B. Fornal ®, PF. Mantica “, B.A. Brown °, R. Broda®,

e P. Bhattacharyya, M.P. Carpenter *, M. Cinausero&, P.J. Daly f, A.D. Davies °*,

& =7 PHYSICS LETTERS B T. Glasmacher “¢, Z.W. Grabowski {, D.E. Groh “¢, M. Honma", FG. Kondev *,

R W. Krélas®, T. Lauritsen ?, S.N. Liddick “¢, S. Lunardi', N. Marginean ¢, T. Mizusaki,
ELSEVIER Physics Letters B 510 (2001) 17-23 —_— D.J. Morrissey “¢, A.C. Morton ¢, W.F. Mueller ¢, T. Otsuka*, T. Pawlat®,
www.elsevier.nl/locate/npe D. Seweryniak *, H. Schatz <, A. Stolz¢, S.L. Tabor!, C.A. Ur!, G. Viesti',

1. Wiedenhover ®', J. Wrzesiniski ®

New evidence for a subshell gap at N = 32

J.1. Prisciandaro *°, PF. Mantica®®, B.A. Brown ¢, D.W. Anthony **, M.W. Cooper ¢, 54SC — 54Ti + B an d 48C8 +208P b @G S
A. Garcia®, D.E. Groh *®, A. Komives ¢, W. Kumarasiri **, P.A. Lofy *°,
A M. Oros-Peusquens ®, S.L. Tabor ¢, M. Wiedeking ¢

Knowledge of this part of the fp shell in 2002
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Fusion-evaporation studies No known excited states
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Low-lying levels in *Cr: Inadequacy of the fp model space and onset of deformation
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48Ca+13C @ 130 MeV, 2p channel

% Q3 Q4
—
< lon
Chamber
2
ET 10"
m/q=5917
miq=55/16 &+
m/q=56/16 -y

(13/2%)
(11/2,13/27)
S
(7/2,9/27) 236
518 (9/2%) 96 us
- & 19
Fe 493 keV _ 207 (32
o—o Mn 112 keV (12~ —103—_

Cr 207 keV
o——o Cr 103 keV
o—=o Cr518 keV
o——o 810-813 keV

S9Cr

m/q

630

9/2+ seemed oblate!
9/2+[404]?

680 730 780

Energy Loss (arbitrary units)



MANCHESTER

1824
The University of Manchester

Available online at www.sciencedirect.com
.c-zuc:@nmgcr-

Physics Letters B 622 (2005) 151-158

PHYSICS LETTERS B

www.elsevier.com/locate/physletb

Changes in vgg,, shape polarisation across the odd neutron-rich Cr
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Yrast structures in the neutron-rich isotopes :*Fe and the role of the gy, orbital
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High-spin structures in the neutron-rich isotopes ~°Mn
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PHYSICAL REVIEW C 85, 044316 (2012)

Magnetic rotation and quasicollective structures in **Fe: Influence of the vgy,, orbital
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With'4C targets you could go further with 2p and analysis across both data sets
and other reaction channels were very useful...2pxn and an to Cr,
pxn to Mn and xn to Fe...
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Rich detailed spectroscopy with complex low-spin levels and emergence of rotational bands
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Furong Xu.
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to around 20h.

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

GXPF1A interaction.

Nuclei seem to have soft polarisable cores where

excitations to the gq,, 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.
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e Probe lower in the shell with °Be(*3Ca,xpyn)...
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One-particle excitations outside the >#Ti
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semi-magic core: The °>V and >>Ti yrast oLl
structures Single-particle and collective structures in >°Cr and >°V
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And to other regions...

14C(180,2p)30Mg

PHYSICAL REVIEW C 82, 034305 (2010)

Cross-shell excitations near the “island of inversion”: Structure of *Mg
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Cross-shell excitations in 39 Al and 3°Si at
high spin
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More recently solenoid + ISOL facility:
d(*3Mg,p), d(**Mg,p), d(*’Na,p)....

T T 1
. Al - _;’: o . (a)
./ /’ s & \\

% 30 z

E \ NSl E S
\ 5 > I
W \‘ Z,
' ; £

\ 3

3 ' is
\‘ u.' 4

\} <

1 1 ] AL
1200 1400 Tocact.a (arbitrary units)

PHYSICAL REVIEW C 104, L051301 (2021)

Evolution of single-particle structure near the N = 20 island of inversion
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