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Introduction - Description

• Muon Ionization Cooling Experiment (MICE):  

international accelerator R&D project designed to 

provide first demonstration of muon cooling. 

• MICE is being built at Rutherford Appleton Laboratory 
(RAL) using muon beam generated from ISIS.

• One muon cooling lattice cell with detectors 
measuring muon beam emittance before and after 
cooling. 



Introduction - Motivation

• Muon ionization cooling necessary for future facilities 
including Neutrino Factory and Muon Collider

• MICE’s primary goals
– Demonstrate ability to design, engineer, and build section of 

a cooling channel providing desired performance for neutrino 
factory

– Place cooling channel section in muon beam and measure 
performance

– Demonstrate understanding of muon cooling process by 
validating emittance simulation predictions with emittance 
measurements



MICE at RAL

ISIS accelerator

MICE experimental hall

DIAMOND Synchrotron



Muon Beam Emittance

Measure 6 kinematic parameters for each particle before and after cooling channel.

Cooling channel

Emittance:  Measure of spreads of particle positions and momenta with respect to ideal muon path.
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Muon Beam Emittance

Calculate emittances

Compare Compare eein in with with eeoutout

Form covariance matrices

Cooling channel

Emittance:  Measure of spreads of particle positions and momenta with respect to ideal muon path.
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Cooling Description
• Muons need to be cooled quickly due to 2.2 ms lifetime.

• Cooling done through alternate

– Ionization reducing px, py, pz. 

– RF cavities restoring pz.

• Repetition of energy loss and longitudinal (along z) energy gain 
reduces px,y/ pz and thus transverse emittance.
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Cooling Description

• z is coordinate along muon beamline.

• eN is normalized emittance.

• X0 is radiation length of material muon is 
passing through.

• Em and mm are muon energy and mass.

• b is v/c.

• b^  is optical beta function ( = psxy
2/ e where 

s xy
2 is transverse size of muon beam). 

• Rate of change of normalized emittance along beam direction:

Cooling term                      Heating term

• Setting d� N/dz equal to zero Þ

• Small emittance is achieved through low b^ , large X0, and large dEm/dz.  

Strong magnetic focusing and H2 absorber best meet these criteria.
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Muon Cooling Cell

• Liquid hydrogen (LH2) absorbers 

reduce muon momenta.

– Large ionization energy loss rate

– Low scattering

• RF cavities restore lost pz.

– 8 MV/m accelerator gradient

– 4 tesla axial magnetic field

Liquid Hydrogen Absorbers

201 MHz RF cavities



Muon Emittance Measurement

• Measurement of track initial and final positions and momenta determine beam initial and 

final emittances.

– Spectrometers

• Correction of emittance measurements by identifying background (non-muon) tracks.

– Time of Flight Counters

– Cherenkov Detector

– Calorimeter

Solenoidal Spectrometers

Time of Flight Counters

Cherenkov Detector

Calorimeter



Muon Emittance Measurement
Solenoidal Spectrometers

• Spectrometers measure initial and final muon momenta and positions which determine intial 
and final beam emittances.

• Four-plane prototype shown here has taken data from KEK test beam last September.



Particle Identification

• In the MICE cooling channel, the muon beam can be contaminated by
� Pions in the incoming beam (muon parents)
� Electrons in outgoing beam (muon decay products)

• Particle identification to account for pion and electron backgrounds is done 
through

� Time measurements (time of flight counters) 
� Energy measurements (calorimeter)
� Light measurements from Cherenkov threshold counters

Time of Flight CountersCherenkov Detector Calorimeter

upstream particle ID system downstream particle ID system



Particle Identification
Upstream System

• Cherenkov counter:  aerogel radiator 
connected to four photomultiplier tubes 

– Two counters contain aerogels with indices of 
refraction of 1.07 and 1.12 providing distinct 
velocity thresholds for generating Cherenkov light

– Particle momentum (from spectrometers) and 
Cherenkov counter activity provide muon/pion 
discrimination   

– Tested in Fermilab test beam

• Time-of-flight (TOF) counters:  sets of 
crossed scintillating paddles 

– ~ 50 ps resolution 
– Determines particle velocity
– Tested in Frascati test beam



• Calorimeter:  preshower (lead + 
scintillating fibers) and ten active 
scintillating layers

� Electrons induce electromagnetic (EM) 
showers in preshower.

� Active layers measure EM activity
� Calorimeter distinguished muons from 

background electrons through amount of EM 
activity

� Tested in Fermilab test beam

• Time-of-flight (TOF) counters:  sets of 
crossed scintillating paddles 

� ~ 50 ps resolution 
� Determines particle velocity
� Tested in Frascati test beam

Particle Identification
Downstream System



G4MICE Simulations

• GEANT4-based simulations of emittance change (left) and resolution (right) 
as function of input emittance

• MICE will test how closely simulations match measurements.

 



MICE Schedule

m
STEP I:  fall 2007

STEP II: 2008

STEP III:  2008

STEP IV:  2008

STEP V: 2009

STEP VI:
 2009



Summary and Outlook
• Progress on many fronts all over the world.

– Tracker in USA, UK, and Japan
– Time of Flight, Cherenkov detectors, and calorimeter in USA 

and Europe
– RF cavity R&D in USA
– LH2 absorber R&D in USA and Japan

• Test beams at Fermilab and Frascati in June and July provided 
valuable particle identification detector tests.

• First ISIS beam for MICE expected in Fall, 2007

• Goal:  Full emittance cooling measurements with variety of 
modes and beam conditions in 2009.


