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Abstract 

The Facility for Rare Isotope Beams (FRIB) at 
Michigan State University will utilize a high power, 
heavy-ion linear accelerator to produce rare isotopes in 
support of a rich program of fundamental research. The 
linac will consist of a room temperature-based front-end 
system producing beams of approximately 0.3MeV per 
nucleon.  Three additional superconducting linac 
segments will produce beams of >200 MeV/u with a 
beam power of up to 400 kW.  Because of the heavy-ion 
beam intensities, the required diagnostics will be largely 
based on non-interceptive approaches. The diagnostics 
suites that will support commissioning and operation are 
divided into lower energy <0.3 MeV/u front-end, and 
higher energy <200 MeV/u driver linac systems. The 
instruments in the driver linac include strip-line beam 
position and phase monitors (BPM), toroid beam current 
monitors (BCM), and 3-D electron scanners to measure 
rms beam size and emittance to match different linac 
segments.  

SCOPE 
A desired availability of >90% and an aggressive 

commissioning schedule lead to some challenges in beam 
diagnostics requirements that will be addressed in this 
paper. We are using common architecture for all main 
diagnostics and share global machine protection system 
and timing across the accelerator and experimental 
systems. We briefly discuss interface control system in 
this paper.  

FRIB FACILITY 
Introduction 

The FRIB facility will be located on the campus of 
Michigan State University (MSU). The Facility layout is 
given in Fig. 1 with a list of diagnostics associated to each 
section. The technical design and construction 
specifications were driven by the scientific goals 
discussed in references [1,2].  

The superconducting driver linac accelerator system of 
the FRIB will be instrumented with non-intercepting 
diagnostics to guide safe operation and the many inputs to 
the machine protection system. The driver linac is 
required to provide cw heavy-ions during operations, but 
can be commissioned with pulsed-chopped beams in 

order to permit hands-on maintenance. The beam losses in 
the driver linac must be less than 1W/m of any heavy ion 
at 30 cm. Instrumentation for the FRIB is highly 
challenging at high powers because of two major 
complications; using a high-performance ECR ion source 
and simultaneously accelerating a multiple charge-state 
ion beam with low losses.  

1. The acceptable beam loss of 1W/m requires 
diagnostics capable of detecting unwanted 
particles both in the transverse and longitudinal 
plane with a sensitivity of down to 103 particles 
per bunch.  

2. The high beam power is destructive to all 
intercepting devices. As such, we intentionally 
avoid putting any intercepting diagnostic device 
in the driver linac. 

The first issue is being addressed by developing dedicated 
diagnostic devices capable of measuring a 10-3 un-
chopped beam, as well as tails in the transverse 
distribution (beam halo). The second issue requires beam 
measurements to be done with a dedicated removable 
diagnostic beam box (for the `commissioning' or `pilot' 
beam). 

 

Driver Linac 
The driver linac is designed to reliably provide intense 

stable beams that will be used to produce rare isotope 
beams for world-class experiments. The FRIB linac 
accelerating systems are housed in a subterranean 
structure, while the supporting is housed in a surface 
structure.  The linac is folded in three linac segments and 
concomitant bending sections.   

 
Front End FRIB Front-end diagnostics can also be 
divided into two main categories, the diagnostics for the 
commissioning stage and that required for the standard 
operations. Output from some diagnostics such as beam 
current monitors and beam loss monitors shall be divided 
into two parts. These signals will serve dual purposes of 
machine protection (MPS) and monitoring diagnostics. 
The beam chopper will allow the reduction of the average 
beam current while keeping the nominal bunch intensity. 
This functionality is crucial for optimal and safe 
operational and tuning procedures. Additionally, the 
chopper can be used to switch off the beam as an element 
of the machine protection system.   ___________________________________________  

*Work supported by US DOE Cooperative Agreement DE-SC000661  
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