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1. Muon Ionization Cooling
Experiment (MICE)

Motivation

Ionization cooling technique provides the only
practical solution to prepare high brilliance
beams necessary for a neutrino factory or
muon colliders because it is fast enough to
cool the beam within the muon lifetime.

Ionization Cooling

1. Energy loss by ionization (dE/dx reduces
PZ and P⊥)

2. Heating from multiple scattering
3. PZ restored by RF cavities
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cooling heating
Equilibrium emittance cooling = heating
To maximize cooling we need material with
low-Z to be placed at a position where β⊥
has a minimum.

MICE
The experiment is based at Rutherford
Appleton Laboratory (UK).

MICE collaboration: Bulgaria, China, Italy,
Japan, Netherlands, Serbia, Switzerland, UK,
USA: ∼ 80 collaborators
Goals:
I Design, build, commission and operate a

realistic section of a cooling channel
I Measure its performance in a variety of

modes of operation and beam conditions
I Normalized transverse emittance: 0.1%
The experiment is being assembled, tested
and operated in steps. Each step will validate
different parts of the setup. The original
schedule has been re-baselined in order to
allow the final demonstration of ionization
cooling to be completed in 2017.

Conclusion
I Ionization cooling is the only practical

solution to cool a muon beam
I MICE is a key R&D towards Neutrino

Factory and Muon Collider

2. Step I - completed

MICE beam and instrumentation fully constructed and operational

I Momentum range: 140 MeV/c to 240 MeV/c
I Emittance range: 2 π mm rads to 10 π mm rads Reconstructed emittances using TOF0 and TOF1.

Conclusions (Step I)
I MICE beamline commissioned: over 13× 106 triggers collected in Step I. All PID detectors (TOF0,

TOF1, Ckov, TOF2, KL, EMR) installed and working well. M. Bogomilov et al., JINST 7, 2012
I MICE Muon Beam meets requirements. D. Adams et al.,Eur .Phys.J C73, 2013

3. Step IV - Description

I First measurements of transverse normalized emittance reduction
I Scintillating fiber trackers in 4T solenoids for emittance measurements
I Lithium Hydride and Liquid hydrogen absorbers with different optics configurations

MICE Step IV consists of:
I Diffuser produces a range
of emittances

Multiple scattering in small
radiation length material is used to
increase the emittance

I Absorber and focusing coil module

Liquid H2 or Lithium Hydride absorbers. Two superconducting
4T coils, providing strong focusing at the absorber.

I Two scintillating fiber
trackers

Placed upstream and
downstream of the absorber
and providing single particle
momentum measurements

I Two spectrometer solenoids, providing uniform 4T field for
the trackers

I PID detectors including : Two TOFs and two Cherenkov detectors to identify muons in the
upstream tracker. An additional TOF, a Kloe-Light calorimeter and an Electron Muon Ranger to
reject electrons from decayed muons in the downstream tracker.

4. Step IV - Stay tuned!

1.Superconducting solenoids & detectors installed.
2.PID system commissioned.

3.Magnet training & tracker commissioning in progress
4.Data-taking starts at the end of September 2015

MICE Collaboration http://mice.iit.edu


