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• Expected performance of the Muon Campus accelerator
– End-to-end simulation model

– Muon, pion and proton rates

• Possibilities for improvements
– Describe a novel idea that could increase the # of stored muons

– Expected performance

– Future work

• Summary
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Muon Campus overview
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8.89 GeV/c p 
beam impacts 
the target

3.1 GeV/c 
secondaries (π+, 
μ+, p) travel 
along M2 & M3

μ+ are extracted 
from the ring and 
transferred into the 
storage ring via M4, 
M5

After a few turns all 
π+ convert to μ+

μ+ enter the g-2 
storage ring

Protons separate 
and are removed



Target station 
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Pulsed magnetCollimatorTarget Li-lens

Parameter Value
Protons on target (POT) per pulse 1012

Pulse width 120 ns

Number of pulses 16

Cycle length 1.4 s

Incoming beam momentum 8.89 GeV/c

Selection momentum 3.1 GeV/c

π+ before 
selection

π+ after 
selection



Performance within M2 & M3 lines
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DR entrance



Performance in the Delivery Ring (DR)
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Extraction point



Performance within M4 & M5 lines
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SR entrance

Beam at SR Entrance

• Simulation predicts ~7x105 muons per fill make it to the SR



New publication
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Storage ring momentum acceptance

• Storage ring accepts particles only within ⁄𝜎! 𝑝 = 0.2%

• That means that more than 80% of the incoming beam is lost
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⁄𝜎! 𝑝 = ±0.2%

⁄𝜎! 𝑝 = ±1.1%



The cooling proposal

• Place a wedge material in a dispersive area in such a way 
that the high-energy particles traverse more material than 
the low energy ones.  

• This way the net energy spread is reduced 
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Performance

• The wedge tailors the momentum of an initial 3.115 GeV/c 
beam so that to maximize magic momentum muons



Cooling requirements

• There are competing processes 
involved in ionization cooling
– Cooling from ionization of the material

– Heating from Coulomb scattering

• We require a material with:
– Low atomic number Z to reduce scattering

• We require a location with:
– High dispersion

– Low beta function...
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LDRD funding request

• Sep. 2017: Preproposal submitted at Fermilab

• Oct. 2017: Encouraged for full proposal submission
• Dec. 2017: Full proposal submitted

• Mar. 2018: Proposal accepted 
– Top 3 among 51 proposals
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Proposal phases

• Proposal is divided into six phases

• Phase I: Choice of material and location
• Phase II: Modeling

• Phase III: Engineering Design
• Phase IV: Fabrication

• Phase V: Installation
• Phase VI: Testing
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Background
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Choice of material 
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• Detailed study: Bradley et al. gm2-docdb-8081 

• Polyethylene is cost effective, readily available and can be 
machined easily into the desired shapes



Choice of location (1)
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Quadrupoles Quadrupoles

Dipole
Dipole Dipole

Wedge



Choice of location (2)
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Quadrupoles Quadrupoles

Dipole
Dipole Dipole

Wedge



Design constrains

• The maximum allowable space is 150 mm. For this reason 
two wedges will be installed

Max allowed space



Performance along the M4-M5 lines



Increasing the stored muons

• Simulations inside the Muon g-2 storage ring have been 
performed

21% gain



Future optics improvement

Current design of M5 bend Proposed design of M5 bend

Carol Johnstone (Fermilab)



Engineering design (1)

Proposed wedge locations
Jim Morgan (Fermilab)



Engineering design (2)

Dirk Hurd and Jesse Batko (Fermilab)



Timeline
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Conclusions
• Developed a end-to-end simulation model for the Muon 

Campus – first results published in Phys. Rev. AB
• Through Fermilab’s Laboratory Directed Research 

Development (LDRD) program we have been awarded a grant 
to design, install and test a wedge in the Fermilab Muon 
Campus

• It will provide improvements in the number of stored muons  
that are required to minimize the statistical uncertainty in the 
Muon g-2 measurement. 

• Devices are relatively inexpensive and straightforward to 
implement and thus the benefits to the Experiment potentially 
can be high for a fairly modest investment.
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