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Super Conducting Linac Development at Argonne
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The 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
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The SPLIT RING Age I

|
it
I
|
|
b
P
|

CAL TECH

ARGONNE LEAD SPLIT RING
NIOBIUM SPLIT RING 150 MHz
98 MHz
KARLSRUHE

HELIX
108 MH

z STANFORD

0 .10 20 30cm REENTRANT

CACITY 430 MHz










COMPLETE PROTOTYPE LINAC
10,000 hr OF BEAM TIME—
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SUPERCONDUCTING LINAC PROJECT

Project Management
Lowell Bollinger, Physicist (PHY)

Resonators and Cryostats
Ken Shepard, Physicist (PHY)
Bill Ball, Mechanical Designer (ENG)
Ralph Benaroya, Electrical Engineer (PHY)
Vince Patrizi, Technician (PHY)
Clem Scheibelhut*, Mechanical Engineer (ENG)
Ted Sterling, Mechanical Designer (ENG)

RF Control
Ken Johnson, Electronics Engineer (CHM)
Gene Clifft, Engineering Specialist (CHM)

Liquid-Helium Distribution
Jack Nixon, Mechanical Engineer (CHM)
Bruce Millar, Technician (PHY)

Surface Treatment
Arthur Jaffey®, Chemist (CHM)
Paul Markovich, Engineering Specialist (CHM)

Beam Diagnostics and Control
Richard Pardo, Physicist (PHY)
Tom Wangler®, Physicist (PHY)
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COMPUTER CONTROL SYSTEM

Bob Daley
Tim Hentsch

Joe Kulaga
Richard Pardo

LINAC FABRICATION*

Ralph Breuss

Walter Goliszewski

Gene Gutowski
Earl Johnson
Bruno Koproski
Clar Kotora
Leo Lach

Tony Lang
Bill Legatzke
Bob Macherey
Benny Mikols
Bob Mogil
Tony Rogers
Les Trater
Arnie Zahlit

Ole Beith
Dale Cassidy
Dave Compton
Harry Flom
Regis Franck
Jim Hunt

Elmar Koch
Ralph Kuechler
Ed Mus

Bob Nelson

Al Nemeth
Wynard Normand
Bob Reinhardt

PULSED-BEAM TECHNOLOGY

Bob Lewis
Frank Lynch

Walter Henning
Lowell Bollinger
Ben Zeidman

TANDEM UPGRADING AND OPERATION

Pete Bilquist
Pat DenHartog
Chuck Heath
Floyd Munson
Jan Yntema

EXPERIMENTAL

Russell Betts
Walter Henning
Teng Khoo

Dennis Kovar
Walter Kutschera
Bob Smither

Ben Zeidman

Sam Craig
Andy Drabik
Joe Peregrin
Don Phillips
Bob Pope

SYSTEM

Charlie Bolduc
Bill Chyna

Bill Evans

Al Huston

Bob Kickert

Don Little
Bruce Nardi

Jim Worthington
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Superconducting RF (SRF) LINAC for lon Beams

« few watts to kilo-watts provide several MV/m accelerating fields
e>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,
l.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 Linac |
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Before ...... and ........... After
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S Division of Nuclear Physics

physics

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/

THIRD WORKSHOP ON RF SUPERCONDUCTIVITY
September 14-18, 1987
Argonne National Laboratory
Argonne, lllinocis U.S.A.
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ATLAS Delivered Beams for FY2008

ATLAS Beam Time Distribution for FY2008
i : B 11/B 12*
Hf 178 2.8% . He3 Li6 Li7 _B10 e 12
199 4% 1.4% | 4% 4.3%
Sm 1540.9%~ \1.9% \*] 0.5%
Sm 148 0.9% . \ \ / y ~C13
' / / 7 1.9%
Sm 146 2.4% . Vayd ’
— o y N 14
Xe13624% — T ; / / S 2.4%
Sn11628% —— — & S o016
RU1021.4% — AN [ A - 24%
Kr800.5%— "/ ' P\  O17IF17*
,,./"/ '/,/ A\ i ’/ 3.8%
Kr 78 0.5% — P  Ne2t
Ni601.9% ~ T 2.8%
Ni 58 11.3%— ___ AI27/Si27*
) F ¥ | \ 3.3%
Fes54 — ", —____SiZ28
57% 5%
T si29
vl ™. 0.9%
2.8% . 832
Ti 50 N\ 0.9%
\_S36
7.5% Ca48 Ti47 ca40 2’4";9 2%
61% 28% 7.5% <77
*Indicates in-flight Radioactive Beam

34 Different Isotopes
*11.6%(650 hours) of beam time for Exotic Beams
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41994 was @ record year for ATLAS
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Five Prototyped Cavities for FRIB

B SC cavities covering the velocity range 0.12 < v/c < 0.8 have been
developed and tested

B Demonstrated surface processing procedures have reduced refrigeration
power consumption by a factor of 2, a 4 MW savings

1.E+11

OE+10 b - |
= .i-""i~~‘_*
] T
< Bk
T N N - i
't X
1E+08! - - o . . .0 a0
0 2 4 6 8 10 12 14
Eacc — MV/m

- == At 1.9K

—@— At 1.9K after 600C bake

- == at4.2K

—®— at 4.2K after 600C bake

FRIB-037

Criterion 1b-3-



Superconducting Resonator Processing Facilities

B Joint Argonne/Fermilab surface treatment
facility constructed at Argonne

— g?_eneral-purpose_: facility with chemical
polish, electro-polish, high-pressure rinse,
and clean assembly capabllity

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

Criterion 1b-3-
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ATLAS Energy Upgrade ARRA Intensity Upgrade
(completed) (under construction)

Applications of high-intensity SRF linacs

Nuclear Medicine:

Radioisotopes for diagnostics and treatment

» Established diagnostics (e.qg., ®®Mo, plus...
110 radioisotopes sold by CORAR):
critical shortage expected due to
aging reactors

. New radioisotopes (e.g., ??°Ac,
213Bj...)
for research and clinical trials

Emerging Trends in Radiotherapy

E.g., localized cytotoxicity (pairing short
range Of alpha part|C|eS Wlth Ce”-speCIfIC 1 Better match radiation field to tumor dl
molecular targetlng) Shortage ImpedeS 2 More potent radiation to increase effec
fU|| Implementatlon Of targeted xternal Beam Targeted Radionuclide

radiopharmaceutical therapeutics

[National Cancer Institute, April 2008; DOE/NSAC Isotopes
Sub-Committee, , April 2009].

Advantages of Targeted
Radictherapy
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http://www.sc.doe.gov/np/nsac/docs

Superconducting lon-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

e 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

115 MHz

| v/c=0.15

QWR

1725MHz ¢} |

v/c=0.28
HWR

345 MHz
v/c=0.5
Triple-
spoke

345 MHz
v/c=0.62
Triple-
spoke




ATLAS: A National User Facility for
Low-Energy Heavy-lon Research

World’s First Superconducting Accelerator for lons
AT LAS Fragment
Mass Analyzer
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