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Production with ISOL

High intensity, 
high quality, 
energy tunable

Chemically selective
not all beams are
possible





Re-accelerated ISOL Beams

Charged-particle 
spectrum

Time-coincidence 
spectrum

Prompt γ-ray 
spectrum

Pioneering work 
done at 

Louvain-La-Neuve



Modern Facility: ISOLDE @ CERN



HIE-ISOLDE: Upgraded to accelerate to 10 AMeV



(M. Thoennesen)



All species possible,
Can go far from 
stability, high (100s
of AMeV) energies

Poorer emittance 
and beam quality,
high energies

Pioneering 
work at the 

LBNL Bevelac



BIGRIPS @ RIKEN

FRIB Target and
A1900 Separator

T. Ohnishi et al., 
J.Phys.Soc.Jpn. 79, 073201 (2010)

Many many nuclei are 
produced!

(BIGRIPS, 238U+9Be)



Re-accelerating Fast Fragmentation beams

CARIBU Gas Catcher at ANL



Expected FRIB/ReA beam yields

Adequate for direct 
reactions

Probable minimum – few X 103 pps



Detecting charged
Particles: Silicon-detector 

arrays



Silicon-array 
CP detection

30Mg(t,p)32Mg

8Li(d,p)9Li

132Sn(d,p)133Sn

24Ne(d,p)25Ne

Familiar 
technology
Resolution 
challenged in 
Inverse kinematics



Detecting Photons GAMMASPHERE
~100 Compton-supressed

Ge detectors

AGATA – Gamma-ray tracking

GRETINA/GRETA – Gamma-ray tracking



Detecting charged particles 
and gamma rays together

MINIBall @
CERN-ISOLDE

30Mg(t,pγ)32Mg

ORRUBA/GODESS 
ORNL/ANL



Tracking and Active Targets Sπrit TPC
(SAMURAI @ RIKEN)

ATTPC @ NSCL

Excellent for low-rate
experiments

Intrinsic resolution not 
quite as good as Si

MAYA TPC
@ GANIL



Magnetic 
Spectrometers

S800 @NSCL

S800 @NSCL

SAMURAI @
RIKEN

SAMURAI @
RIKEN



HELIcal Orbit Spectrometer -HELIOS

2.35 m

0.9 m

X-Y-θ positioning
stage

BMAX=2.85 T

Laser 
rangefinder

Silicon Array
Target

Beam

J.P. Schiffer, RIA equipment workshop 1999
AHW et al., NPA 746, 267 (2004), NIMPRA 580, 1290 (2007)
J. C. Lighthall et al., NIMPRA 622, 97 (2010)

Solenoid 
Spectrometer



Kinematics
in a solenoid
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HELIOS at ATLAS (ANL) (2008)

and ISS at CERN-
HIE - ISOLDE (2018)

Solenoid Spectrometers
in Action





Preaching and Conclusion
• Remember history – basic understanding embedded in 

early work, often obscured by nuance and details 
accumulated over the years

• Put results in context – nuclear physics progresses by the 
assembly of a puzzle with many parts, individual 
measurements are pieces but don’t lose sight of the Big 
Picture

• Technical advances can help provide better data, but 
equally important are imagination and insight in the 
design of experiments and the interpretation of data.

• There is a lot that I did not cover.  Take this and run with 
it!  
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