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National Superconducting Cyclotron Laboratory

• National user facility for rare isotope research and education in nuclear 
science, astro-nuclear physics, accelerator physics, and societal applica-
tions

• Located on the campus of Michigan State University in East Lansing

• One of the three nuclear-science flagship facilities in the US: RHIC at 
BNL, CEBAF at JLAB, NSCL at MSU [2007 NSAC Long Rane Plan]

• Largest university-based nuclear physics laboratory in the U.S. – 10% of 
U.S. nuclear science Ph.D.s 

• Over 500 employees (NSCL+FRIB), incl. 45 graduate students, and 43 fac-
ulty – over 700 users

• Graduate program in nuclear physics ranked 1st [U.S. News and World 
Report] 

• NSCL provides accelerated beams of heavy ions from oxygen to uranium, 
including rare isotope beams

• Michigan State University has been selected to establish FRIB, the Facility 
for Rare Isotope Beams
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Coupled Cyclotron Facility

0 5 m

SuSI ECR
RT-ECR K500

A1900

K1200

stripping
foil

production
target

ion sources

focal
plane

2 coupled cyclotrons
primary beams: oxygen to uranium
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A1900 fragment separator
to produce rare isotope beams
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NSCL Primary Beam List
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Particle Energy Intensity
 [MeV/u] [pnA]
16O 150 175
18O 120 150
22Ne 120 100
24Mg 170 60
36Ar 150 75
40Ar 140 75
40Ca 140 50
48Ca 140 80
58Ni 160 20
64Ni 140 7
76Ge 130 25
82Se 140 35
78Kr 140 25
86Kr 140 25
96Zr 120 1.5
112Sn 120 4
118Sn 120 1.5
124Sn 120 1.5
124Xe 140 10
136Xe 120 2
209Bi 80 1
238U 85 0.2

Primary beam list as offered for experiments (July 2012)
(some available beam energies not shown)
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Primary Beam Statistics

CCF delivers a different
primary beam every
5 to 7 days, typically 30 beam
changes per year.

The development of
new primary beams
(isotope and energy)
is driven by user
demand.

CCF Primary Beam Isotope Statistics

Ca-48 [19.9%]

Ar-40 [10.7%]

Ni-58 [9.5%]

Kr-78 [9.2%]

Ge-76 [8.9%] Sn-112 [5.6%]

Xe-124 [5.5%]

O-16 [4.9%]

Kr-86 [4.9%]

Se-82 [4.2%]

Ar-36 [3.4%]

O-18 [2.8%]

Ne-22 [2.0%]
U-238 [1.9%]

Pb-208 [1.8%]
Sn-124 [1.5%]

Ca-40 [1.3%]
Mg-24 [1.1%]

Sn-118 [0.5%]
Ni-64 [0.5%]

average fraction of
operating hours
2007 - 2011
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Rare Isotopes produced at NSCL

more than 1000 RIBs have been produced (2001-2012)
more than 860 have been used in experiments
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Experiments at CCF

Primary Beams

100,102-104,106,108,110,112Sn
134Te

60-66,72-78,80-86Ge
64-70,76-91Se

104,105Sb

70-72,79-94Br
76,78,84-99Rb 86-103Sr

87-106Y 80-81,91-108Zr
83-84,93-111Nb 84-85,96-112Mo

99-115Tc 100-118Ru
104-112,116-122Rh 106-115,118-125Pd

108-117,121-128Ag

69,70,72,81-96Kr

41-61Sc 39-40,43-63Ti
44-66V

52-75Co 48,54-64,67-78Ni
57-58,62,71,73,75-80Cu 60,62-63,72,74,76,78-81Zn

65-68,75-80,82-90As
63,64,71-75,78-83Ga

45-46,50-72Fe48-70Mn

36-58Ca
32-50Cl

35-56K 31-53Ar
28,30-48S27-45P 22-24,26-44Si23-43Al 20,22-38,40Mg20-35,37Na 18-32,34Ne17-27,29,31F 13-24O12-23N 9-17,20C8,10-15,17,19B 7,10-12,14Be7-9,11Li 4,6,8He1-3H

96,110-119,125-130Cd
98,113-122,126-127,131-133In

43-44,46-68Cr

status July 2012
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NSCL’s Facility Plan
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Rare isotope beams can be delivered to
several experiment end stations

Many of the experimental devices are
supported by Operations staff
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CCF Operations Statistics

NSCL ist currently funded for 2500 operations hours per year

Coupled Cyclotron Facility (CCF) operates 24/7 during beam delivery periods 
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Organizational Structure

Operations

beam delivery support, weekdays 08:00-
17:00 on-site,17:00-24:00 and weekend
on-demand, call-in support at other times

weekdays 08:00-17:00 on-site, on-demand
and call-in support at other times

ion source support,
weekdays 08:00-17:00 on-site,
call-in support at other times

day time on-site technical support,
call-in support at other times
for RF systems, power supplys,
cryogenics, vacuum systems,
control system, computer,
mechanical repair, ...

cyclotron operations
(+ maintaining ion source tune),
24/7 on rotating shift
weekdays 08:00-17:00 during maintenance

Electronics

Facilities

Computer

Mechanical Design

Fabrication&Assembly

Ion Source Group

Operations Engineers Group

Maintenance Engineers Group

Beam Physicist Group

Development Group
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Quality Management System

NSCL introduced Quality Management System to achieve and maintain high availability
(third-party certification to ISO 9001 in 2008)

Every system or process failure triggers “Trouble Report”
 Root cause analysis, corrective and preventive action

Labwide Preventive Maintenance Database
 Scheduled Maintenance with Reminder Emails
 Maintenance Records to document maintenance history

Experimenter Feedback Survey to analyze “Customer Satisfaction”
 Experimenter feedback helps to improve beam delivery

Employee Training
 Online Training modules can be taken any time,
 training database to document successful training

similar management systems for Integrated Safety (OHSAS 18001certification ) and
Environmental Management (ISO 14001 certification)
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