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Some Experimental Problems for 
Gamma-Ray Experiments

• Beam is radioactive - high background
• Many beams will be low intensity
• Most interesting cross-sections are usually small
• Many experiments in Inverse-Kinematics – Doppler 

broadening



So gamma-ray detector(s) need
• High Resolution

• High Efficiency

• High Peak-to-Total

• High Count Rate capability 

• High Selectivity (good coincidence efficiency and also use 
triggers with aux. dets.,),  

• High Granularity to minimize Doppler broadening, for 
high multiplicity and high count rates, also directional info 
to reduce room background (tracking)

• Be modular + easily movable for use with a range of aux. 
dets.



Some Research Opportunities at RIA







Apologies to non-US friends and 
visitors for my lack of 

experimental examples from 
non-US Labs



Neutron Rich



David Radford
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Hot off the press (very preliminary! 
Beene, Varner et al)
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• We’ve taken B(E2) measurements past the 132Sn double closed shell!



David Radford





David Radford



Calculated Residue Cross Sections for the Yb Chain

Mike Carpenter



Where some useful beams can take us

Mike Carpenter



High-A, 
High-K, 
High-I, 

High-Def, 
Hi-Mom!



Spectroscopy of the Heaviest Elements : Surprises in the survival of 
the species. (Complementary studies with stable and RIA beams.)
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Current chart of nuclides for Z>99. 
yellow - α decay, 
green - spontaneous fission, 
red - β decay.
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Spectroscopy will tell us about s.p. spectrumSpectroscopy will tell us about s.p. spectrum



RIA can enable us to create certain nuclei at higher spin

Paul Fallon



Weak, high fission bgnd etc

The Quest to observe 
Hyperdeformation
at Ultra-High Spins

Dudek, Werner and Riedinger, P.L.B.211(88)252



Energy traps in Nuclei (Isomers)
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These special states have told us a lot 
about nuclear structure and the reduction 
of pairing correlations with seniority in 
recent years, e.g. Dracoulis, Kondev and 
Walker, PLB 419 (98) 7.

Pairing Strength ∆ (keV)

These metastable states occur in a small proportion of nuclei and have been found to 
display some remarkable properties,  properties that are far from being understood.



Filip Kondev

Stable beam limit

RIA will allow us into new regions for study, 
e.g. n-rich A=180 and p-rich A=130 and to 
populate higher seniority quasi-particle states.



Proton Rich



Physics at the Proton Drip Line Physics at the Proton Drip Line 

58Cu
64Ge

70Br
88Ru

100Sn!

•Spectroscopy at and beyond the dripline
•Isospin symmetries and  mirror pairs
• pn pairing correlations, new pairing phase?
• 100Sn and surrounding area
• rp-process passes this way, do any isomers 
create waiting points?
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BOTH unstable and stable beams will play a role
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In-beam studies: GRETA + nano-ball + recoil spectrometer
At the Focal Plane: Decay studies and Coulomb excitation
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Resistant to Coriolis force!Resistant to Coriolis force!



Spectroscopy at the Proton Drip Line: Excited States in 141Ho.
Proton decay in a deformed potential.

Contour plot of quadrupole, β2 , deformation as a 
function of neutron and proton number. 

141Ho created once in every 5 
million reactions! GS + FMA + 
RDT make it worthwhile.
(Seweryniak et al., PRL 86 (2001) 1458)

The γ-ray spectrum 
tagged with protons

The level scheme 
deduced that shows that 
the protons are emitted 

from a deformed 
nucleus.



Gamma-Ray Detectors



A key to all this wonderful new science is not only RIA but RIA 
+ New Instrumentation. (plus dastardly cunning on our part!)

Report from workshop
at LBNL July 98. 

“…, after going through so much effort to create rare 
and exotic nuclear species, it only makes sense to have 
the best and most efficient detector systems to catch 
their “precious signals”.  It is therefore extremely 
exciting that, ….. revolutionary breakthroughs in 
gamma-ray technology seem possible.”

Gamma-Ray Tracking is the future
of Gamma-Ray Spectroscopy!

H. Spieler (LBNL) “Novel technology turns into discovery potential.”

To extract the best science and to unlock new physics one must create 
the right environment. I think we will have the right ingredients.

RIA + Tracking Dets. + Aux. Dets = Discovery Potential



A New Opportunity in Gamma-Ray Physics



Compare Gammasphere with GRETA

Efficiency (1 MeV) 8% 55%
Efficiency (15 MeV) 0.5% 12%
Peak/Total (1 MeV) 55% 85%
Position resolution 20mm 1 mm IY Lee



GRETA Capabilities 
Broad physics opportunities

Angular resolution (0.2º vs. 8º)
– N-rich exotic beams

• Coulomb excitation
– Fragmentation-beam spectroscopy

• Halos
• Evolution of shell structure
• Transfer reactions

Count rate per crystal 
(50 kHz vs. 10 kHz)
– More efficient use of available beam 

intensity
Linear polarization

Background rejection by 
direction

Resolving power: 107 vs. 104

– Cross sections down to ~1 nb
• Most exotic nuclei
• Heavy elements (e.g. 253,254No)
• Drip-line physics
• High level densities (e.g. chaos)

Efficiency 
(12% vs. 0.5% at Eγ=15 MeV)
– Shape of GDR
– Studies of hypernuclei

Efficiency (slow beams) 
(55% vs. 9% at Eγ =1.3 MeV)
– Fusion evaporation reactions

Efficiency (fast beams) 
(55% vs. 0.5% at Eγ =1.3 MeV)
– Fast-beam spectroscopy with low 

rates -> RIA IY Lee



Gamma-Ray Tracking Coordinating Committee Report, 

July 02

www.pas.rochester.edu/~cline/GRTCC-report.pdf







Other Detector Needs and 
Very Slow Beams ……….

Including  Stopped!

For example, Decay spectroscopy and other 
physics at the focal plane.

See Kim and others later this week



The recent move of Gammasphere, thanks again to certain 

SUPER-HEROES, has gone very well. 

See Gammasphere at your local theater on June 20, 2003



CONGRATULATIONS TO DGS!
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