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Super Conducting Linac Development at ArgonneSuper Conducting Linac Development at Argonne
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The HELIX AgeThe HELIX Age

• 1969 H. Klein et al (Frankfurt University) propose a heavy-ion linac
using normal-conducting helical accelerating structures (HELAC)

• HELAC loses out against C. Schmelzer's (Heidelberg University) UNILAC 
as the choice for the GSI heavy-ion facility

• Subsequently several laboratories start pursueing superconducting helical structures
(Karlsruhe, Orsay, Argonne CHM) 

• Good fields are achieved but stability and phase locking problems (though helix gets
eventually used in a small sc accelerator at Orsay)

• Lowell Bollinger steps down as Division Director of PHY to fully pursue the helical
superconducting heavy-ion linac at ANL



The SC Helix at ANL: PHY and CHMThe SC Helix at ANL: PHY and CHM



The SPLIT RING AgeThe SPLIT RING Age
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Superconducting RF (SRF) LINAC for Ion Beams

• few watts to kilo-watts provide several MV/m accelerating fields

• > cw !

• > independently phased resonators: high degree of flexibility; e.g.:

• > allows to optimize acceleration voltage

• > can compensate for malfunctioning resonators

• > with the first resonators in place one can start the research program, 
i.e. well before completion of facility

• > acceleration configuration easily changed: excitation functions,
beam changes, charge-to-mass ratio

• > multi-charge state beams 



First Experiments with the Booster LinacFirst Experiments with the Booster Linac
28Si + 28Si

154Dy
…and many others……..







Before ...... and ...........AfterBefore ...... and ...........After

















The 1986 Tom W. Bonner Prize

Lowell M. Bollinger

For his contributions to and leadership in
the development of the superconducting linear accelerator 
for the production of high-quality ion beams, a new technology 
that broadens the base for nuclear structure research."

http://www.aps.org/








Bollinger Bash 1993





ATLAS Delivered Beams for FY2008

34 Different Isotopes
*11.6%(650 hours) of beam time for Exotic Beams



The modern times of HI SRF linacsThe modern times of HI SRF linacs

• ANL (Jerry Nolen) proposes a SRF 
proton linac for rare isotope production

• The ANL concept grows to include 
heavy-ion beams: C/O -> Kr -> Xe ->  
U by 1999

• RIA R&D



Five Prototyped Cavities for FRIB

SC cavities covering the velocity range 0.12 < v/c < 0.8 have been 
developed and tested
Demonstrated surface processing procedures have reduced refrigeration 
power consumption by a factor of 2, a 4 MW savings

FRIB-037

Eacc – MV/m

Ca
vit

y Q

1.E+11

1.E+10

1.E+09

1.E+08 14121086420

At 1.9K
At 1.9K after 600C bake
at 4.2K
at 4.2K after 600C bake

FRIB-037

Eacc – MV/m

Ca
vit

y Q

1.E+11

1.E+10

1.E+09

1.E+08 14121086420
Eacc – MV/m

Ca
vit

y Q

1.E+11

1.E+10

1.E+09

1.E+08 14121086420

At 1.9K
At 1.9K after 600C bake
at 4.2K
at 4.2K after 600C bake

At 1.9K
At 1.9K after 600C bake
at 4.2K
at 4.2K after 600C bake

This page contains proprietary information that the UChicago Argonne, LLC requests not be 
released to persons outside the Government, except for purposes of review and evaluation Criterion 1b-34October 16-17, 2008



Superconducting Resonator Processing Facilities

Joint Argonne/Fermilab surface treatment 
facility constructed at Argonne 
– A general-purpose facility with chemical 

polish, electro-polish, high-pressure rinse, 
and clean assembly capability

Used for ILC R&D, the ATLAS energy upgrade, 
FRIB resonator development, ARRA etc.

This page contains proprietary information that the UChicago Argonne, LLC requests not be 
released to persons outside the Government, except for purposes of review and evaluation Criterion 1b-35October 16-17, 2008



The modern times of HI SRF linacsThe modern times of HI SRF linacs

• ANL (Jerry Nolen) proposes a SRF 
proton linac for rare isotope production

• The ANL concept grows to include 
heavy-ion beams: C/O -> Kr -> Xe ->  
U by 1999

• RIA R&D

• FRIB decision!

• New activities at ANL 



ATLAS Energy Upgrade
(completed)

ARRA Intensity Upgrade
(under construction)

Nuclear Medicine:

Radioisotopes for diagnostics and treatment

• Established diagnostics (e.g., 99Mo, plus...
110 radioisotopes sold by CORAR): 
critical shortage expected due to 
aging reactors

• New radioisotopes (e.g., 225Ac, 
213Bi...)

for research and clinical trials

E.g., localized cytotoxicity (pairing short 
range of alpha particles with cell-specific
molecular targeting). Shortage impedes
full implementation of targeted
radiopharmaceutical therapeutics

[National Cancer Institute, April 2008; DOE/NSAC Isotopes 
Sub-Committee, www.sc.doe.gov/np/nsac/docs, April 2009].

Applications of high-intensity SRF linacs

http://www.sc.doe.gov/np/nsac/docs


Superconducting Ion-Beam Linacs –
Technology for  Science and Applications

• SRF technology for ion-beam linacs
now efficient, reliable, cost-effective

• High-power light-ion (proton) beams
for the full MeV to GeV range

• Medium and high beam energies 
require excellent cavity performance
(Q, Eacc, Bsurf, ...)

• Use of SRF linacs well-established
in scientific research

• Less so for applications in the
private sector and industry
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345 MHz
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Double-
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ATLAS:  A National User Facility for 
Low-Energy Heavy-Ion Research

World’s First Superconducting Accelerator for Ions

1 ECR Ion Source 
on HV platform

In-Flight RI Beam 
Production Gas Cell

Energy Upgrade 
Cryostat

CARIBU
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