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Huge progress in 25 years in resolving power 

of γ-ray detector systems
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Evolution of 
high spin γ-ray 
spectroscopy



Early ATLAS γ-ray experiments
• 1983 - use array of NaI counters plus one Ge detector
• Population of yrast and near-yrast levels in Gd, Dy, and Er nuclei 

investigated in (HI,xn) reactions through γ-ray intensity measurements
• Clear difference between non-rotor (N < 86) and rotor nuclei (N > 86)
• Isat is independent of bombarding energy when it becomes sufficiently high

5 Nucl. Phys. A443, 120 (1985)



• 120Sn(37Cl,4n)153Ho
• Four components of γ-ray 

spectrum identified
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PRL 55, 1727 (1985)

1985 - 2 Compton 
suppressed Ge and 12 NaI

Total γ-ray 
spectrum
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1986 - ANL-ND array
• Argonne/Notre Dame γ-ray 

facility at ATLAS
• 8 Compton-suppressed Ge 

spectrometers
• An array of 14 BGO 

scintillators

7 Young, thin Robert Janssens



1986 - octupole shapes in heavy Ba
• First paper of work with the ANL - ND BGO array 
• First work with a 252Cf fission source 
• Pioneering work - led to all later work on n-rich nuclei from prompt fission

8
PRL 57, 3257 (1986)

Robert 
Janssen’s 

second highest 
cited paper

142Ba 144Ba 146Ba
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• Record for highest spin 
state yet seen at that 
time - 79/2

• Pulsed beam: 
122Sn(30Si,5n)

• States built on 550 ns 
isomer of 49/2+

• No collective states seen

NP A466, 371 (1987)

1987 experiment 
with 4 Ge and 14 NaI



1987 - 148Gd to 
spin 44

• ANL-ND array
• 116Cd(36S,4n)
• Power of new array - most 

complicated level scheme 
ever put together

• Single-particle states up 
to I = 38

• A few fast E2s above 38
• A tour-de-force for γ-ray 

spectroscopy

10

Phys. Lett.  194B, 468 (1987)



Superdeformation in 148Gd
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• γ-γ transition energy correlation 
measurements were performed using 
ANL-ND array

• A broad first ridge was observed for 
1.00 < Eγ < 1.42 MeV

• Moment of inertia consistent with 
superdeformation in 148Gd

• The results can be explained by cranked 
Strutinsky calculations

Phys. Lett. B201, 223 (1988)

Now 9 SD bands seen



1988 - superdeformation in 151Dy
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• ANL-ND array
• First discrete line SD band seen at ATLAS
• Showed that the dynamic moment of inertia could be very different 

from that in 152Dy and is 
sensitive to configuration

• Important for expanding on
first SD band seen (152Dy) and
showing that this is not an
isolated structure

• Highest spin is around 131/2
• Intensity around 1%

Phys. Lett. B209, 177 (1988)

Now 5 SD bands seen



1989 - a new region of superdeformation - 191Hg
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PRL 63, 364 (1989)

• Discovery of a new SD region with 
the first SD band in 191Hg - 12 
transitions

• Axis ratio of 1.65:1 (β2 ~ 0.5)

Now 4 SD bands seen

#5 on Robert’s 
list of most 

cited papers



Superdeformed band in 192Hg
• First DSAM measurement on a SD band 

- Moore et al., PRL 64, 3127 (1990)
• Qt = 20 eb, constant over band - shape 

stays constant as moment of inertia 
increases

14
PR C41, R13 (1990)

#11 on Robert’s list of 
most cited papers

Now 3 SD bands seen
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Regions of superdeformation

2:1 axis ratio

1.7:1 axis ratio

1.5:1 axis ratio



Wide region of superdeformation around 192Hg

• 83 SD bands seen in this region
• All have an axis ratio of around 1.7:1, lower than in the 

152Dy region (2:1)
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The age of 
Gammasphere
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Regions of superdeformation

2:1 axis ratio

1.7:1 axis ratio

1.5:1 axis ratio

36Ar



2000 - superdeformation in N = Z 36Ar

• Lightest nucleus with SD band
• Linked to known low-spin states
• Up to high-spin termination at I = 16
• Four pf-shell orbitals occupied, β2 ~ 0.45
• 24Mg(20Ne, 2a)36Ar
• Gammasphere + Microball

19 PRL 85, 2693 (2000)
#14 on Robert’s list of 

most cited papers

Microball         96 CsI(Tl)
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PRL 87, 222501 (2001)

2001 - superdeformation 

in doubly magic 40Ca

• 28Si(20Ne,2α) 
• Gammasphere + Microball
• Measured lifetimes and deduced 

Qt = 1.8 eb
• Band 1: β2 = 0.59
• Mainly 8p-8h excitation: 

(πf7/2)4 (νf7/2)4

#13 on Robert’s list of 
most cited papers
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• 64Ni(48Ca,4n) 
• Major-to-minor axis ratio 

larger than 1.8:1 - among 
most deformed structures 
identified in any nucleus

PRL 87, 202502 (2001)

2001 - superdeformation in 108Cd
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• A real breakthrough in SD physics
• First experiment done at ATLAS 

with  follow-up when GS was back 
at LBNL 

• Excitation energy, spin, and parity 
of the yrast SD band in 152Dy firmly 
established

• Measured a 4011-keV single-step 
transition from yrast SD level to 
the I = 27- yrast state

2002 - linking an SD band to 

yrast states

PRL 88, 42501 (2002)

Now 6 SD bands seen
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1990 - new technique - use of deep inelastic 

scattering for spectroscopy

Phys. Lett. 251B, 245 (1990)

• Inelastic and transfer reactions in 92Mo + 60Ni - a dozen products were 
identified and studied, target like and projectile like

• Showed the potential of deep inelastic reactions for spectroscopy of 
n-rich nuclei

• ANL-ND array
• This has become a very popular 

technique used by many



1993 - new technique - Fragment Mass Analyzer

24
PR C 47, 1929 (1993)

• First spectroscopy at FMA focal plane
• 58Ni bombarding 96Ru making 154Hf*

• 3 Ge counters in back of FMA
• Study of yrast isomers in 151Yb (N = 81)
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1993 - ANL-ND array in front of FMA
• First paper with ANL-ND γ-ray facility in front 

of FMA
• Provided mass identification of deformed band 

seen earlier - prolate deformation in Pb
• Band looks prolate similar to yrast band in 

isotone 184Hg

PR C 48, R2140 (1993)



1996 - γ array in front of FMA - AYEball

• First experiment at FMA with the 
AYEBall array at the target position 
(ANL-Yale-European array) - 
19 Compton-suppressed Ge

• Produce 200Rn by 176Hf(28Si,4n) - 
5 µb cross section

• 200Rn not yet deformed

26

PR C 54, 2296 (1996)



1997 - new technique - recoil-decay tagging 
for γ-ray spectroscopy

• First look at structure of a proton 
emitter with γ rays - AYEball

• 92Mo(58Ni,p2n)147Tm
• 16 µb cross section of populating 

ground state, 2 µb for isomer

27

Gate on proton decay 
of ph11/2 ground state

Gate on proton decay 
of pd3/2 isomer

PR C 55, R2137 (1997)
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1997 - RDT experiment for light Hg nuclei

• FMA + AYEball
• 103Rh(78Kr,pxn) to 176,178Hg
• Shape coexistence in the lightest Hg nuclei
• Find that prolate minimum is never yrast and that it moves up in 

energy beyond mid shell

PRL 78, 3650 (1997)
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• FMA + Gammasphere
• 92Mo(54Fe,p4n)141Ho
• Bands assigned on top of the two 

p-emitting states
• Confirmation of deformed proton 

emitters via γ-ray spectroscopy in 
141Ho

• Conclude β2 = 0.25 for ground state

2001 - rotational bands in  
proton emitter 141Ho

PRL 86, 1458 (2001)



2000 - study of N = Z nuclei - shape co-existence

• 12C(58Ni,2n)68Se
• FMA + Gammasphere
• Two rotational bands seen

– Ground band consistent with 
oblate collective rotation

– Excited band consistent with 
prolate rotation

• Supports long-standing 
prediction that ground state 
with substantial oblate 
deformation (β2 ~ - 0.3) should 
exist in this region

30

PRL 84, 4064 (2000)



2008 - collective oblate rotation in 180Hf

• 1300 MeV 180Hf beam on a 232Th 
target - 25% above Coulomb barrier

• Use CHICO + Gammasphere
• Collective oblate rotation - a long 

sought-after collective mode

31

PRL 101, 182503 (2008)

CHICO - 20 PPACs



1999 - actinides - ground state 

band of Z = 102 254No

32

PRL 82, 509 (1999)

#4 on Robert’s 
list of most 

cited papers

• First spectacular result of Gammasphere + 
FMA

• Was the start of spectroscopy of actinides 
worldwide

• 208Pb(48Ca,2n) - 3µb cross section
• Deduced quadrupole deformation β2 ~ 0.27
• Survival of 254No to spin 14 means that its 

fission barrier persists at least up to that spin



1999 and 2009: unsafe 

Coulexc of 240Pu

• 1300 MeV 208Pb beam on 240Pu
• Gammasphere
• 1999 - 108 events; 2009 - 3 x 109 events
• Octupole effects in the actinides - concept 

of an octupole phonon condensation

33

PRL 102, 122501 (2009)

240Pu
John Greene

0+ band
1- band

0+ band



2008 - new technique - Hercules - 219Th
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• 198Pt(26Mg,5n)219Th
• Gammasphere + Hercules - needed 

to pick out weak fusion channel - 
first excited states seen

• Parity doublets assigned at N = 129

21 cm

HERCULES 
64 fast-plastic det.

D target = 23.2 cm

S = -i
(i), (i1) S = +i

(g), (g1)

B(E1)/B(E2):
1.2(2) 10-6 fm-2

(avg. value)

B(E1)/B(E2):
2.4(9) 10-6 fm-2

(avg. value)

(g9/2)3, K=3/2

Walter Reviol?

Text

Reviol et al., PR C80, 
11304(R) (2009)
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2009 - triaxial wobbler - 167Ta

163Lu 167Ta

nW = 0
nW = 1

nW = 2

nW = 0

nW = 1

PR C 80, 41304(R) (2009)

• 120Sn(51V,4n) - 
Gammasphere

• First wobbler 
beyond several 
Lu nuclei

π i13/2

π i13/2



Ultrahigh-spin spectroscopy of 159,160Er

• 116Cd(48Ca,4-5n)160,159Er 
• Gammasphere
• 3.5 x 1010 quadruples 
• Discrete-line spectroscopy to 

ultrahigh spin of ~ 60
• Life beyond band termination

36

PR C 80, 64322 (2009)



New SD band seen in 158Er 

- maybe this is a triaxial 

superdeformed state
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Holes in πg9/2 [404]9/2 + high-j particles -  
A. Neusser et al., PRC 70 (2004)

Holes in ν h11/2 [505]11/2 + 
high-j particles, E.S. Paul 
et al., PRL 98 012501, 2007
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Future of γ-ray 

detection - 

GRETINA, then 

GRETA


