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FRIB400



§ The opportunity
§ Layout and R&D status
§ FRIB400 advantage – higher intensity, higher luminosity, higher purity
§Staged implementation with minimal disruption of the user program

Outline
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See the Whitepaper and 
presentations during the meeting 
for the science opportunities!  



FRIB400 – The opportunity to upgrade to 400 
MeV/u primary beam energy for U
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Space in the FRIB tunnel for the needed 11 cryomodules
– lends itself to staged implementation! 

§ FRIB design allows the 
opportunity to operate at 
higher primary beam 
energy

§ 55 SC elliptical cavities 
(βOPT=0.65, 644 MHz) in 11 
cryomodules at 17.5 MV/m 
accelerating field will 
provide 400 MeV/u beam 
energy for U



Status of R&D for FRIB400 
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§Technology being demonstrated (see Peter’s talk in Accelerator session)
• High-Q is demonstrated with nitrogen doping and mid-T furnace baking

Cavity in He vessel  

Cryomodule

§Fully-dressed cavity is 
ready for testing
• Titanium He vessel
• Combined tuner includes a 
stepper motor and piezo 
element

§High power RF coupler is 
being developed

§Two niobium cavities 
were tested multiple times

§ The dressed cavity is being 
prepared for cold testing

Bare niobium cavity  
Preparation for cold testing

P. Ostroumov et al.



FRIB and FRIB400 beam energies
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FRIB400 advantage – higher yields, higher 
luminosity, higher purity
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Does not include limitations of the production target

O. Tarasov

• Increased production rates 
(benefits all experiments)

• Additional luminosity gains 
when using thicker secondary 
targets

One atom/week limit

• Increased in beam purity –
factor of 1000 for 100Sn



FRIB400 advantage
Examples of what it enables

§ Major Science Themes:
• Dense nuclear matter can be created and studied 

up to twice saturation density, critical for multi-
messenger astrophysics 

• Double the reach of FRIB along the neutron 
dripline from Z=30 to Z=60 into a region relevant 
for neutron-star crusts and to allow study of 
extreme, neutron-rich nuclei such as 70Ca 

• The emergence of neutron-star mergers as a 
likely site of the r-process highlights the need to 
study the most neutron-rich isotopes. FRIB400 will 
significantly extend the study of these isotopes.

• Nuclear reactions can be performed in an energy 
regime of optimum nuclear transparency, 
improving their interpretation by reaction theory.

§ FRIB400 will allow a kinematically-complete study of nuclear 
fission

§ FRIB400 will expand the scientific impact of harvested isotopes by 
increasing the available yield of many isotopes by factor 10

§ FRIB400 design is technically ready and can be implemented 
without interruption of the science program

§ FRIB400 whitepaper: https://frib.msu.edu/_files/pdfs/frib400_final.pdf

FRIB400 will allow reaching the 
dripline up to Z=60 (Z=30 for FRIB)

FRIB400 will allow g-ray 
spectroscopy with 
GRETA@HRS in regions 
out of reach at FRIB

https://frib.msu.edu/_files/pdfs/frib400_final.pdf


§Modest cost – see Thomas’ plenary talk for details
§Technically ready: R&D ongoing, technology being 

demonstrated, prototype cavities tested, and team is in place
§Staged implementation possible during scheduled shutdowns

• First shutdown would have to be a longer one to implement the 
cryo infrastructure (we will have those during the power ramp up)

• Cryomodules can be put in one-by-one as they become ready 
during regular shorter maintenance shutdowns

§Every gain in energy is a gain in intensity – a benefit at every 
step

Staged implementation possible without 
interrupting user operations
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See the Whitepaper and 
presentations during the meeting 
for the science opportunities!  


