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Introduction

• Would like to be able to cool muon beams

– this would enable

1.  Neutrino Factories – ultimate tool  for study of ! oscillations

2.  Muon Colliders – route to multi-TeV  lepton collisions



Introduction

• Muons decay too quickly for stochastic or electron cooling, but can be
cooled via. . .



Ionization Cooling

• Absorbers: 
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• RF cavities between absorbers replace (E

• Net effect: reduction in p* w.r.t. p"", i.e., transverse cooling

Note: The physics is not in doubt
+ in principle, ionization cooling has to work!

  ... but in practice it is subtle and complicated...

multiple Coulomb scattering

ionization energy loss

####
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• RF cavities between absorbers replace (E

• Net effect: reduction in p* w.r.t. p"", i.e., transverse cooling

Note: The physics is not in doubt
+ in principle, ionization cooling has to work!

  ... but in practice it is subtle and complicated...

...so a test is essential!

multiple Coulomb scattering

ionization energy loss

####



Practical Difficulty:

• Cooling channels are expensive

$$$$+ affordable channel gives only ,10% emittance reduction

• But standard beam instrumentation can measure emittance to only ,10%



Practical Difficulty:

• Cooling channels are expensive

$$$$+ affordable channel gives only ,10% emittance reduction

• But standard beam instrumentation can measure emittance to only ,10%

Solution:

$$$ $$ $$Measure the beam one muon at a time!



MICE

Goals of MICE:

 • to show that it is possible to design, engineer and build a section of cooling channel capable
of giving the desired performance for a Neutrino Factory;

 • to place it in a muon beam and measure its performance in a variety of modes of operation
and beam conditions.



MICE Collaboration (>100 collaborators from 36 institutions in 9 countries)
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Single-Particle Emittance Measurement

• Principle: Measure each muon precisely before and after cooling cell

Off-line, form “virtual bunch” and compute emittances in and out

$$$
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Single-Particle Emittance Measurement

• Principle: Measure each muon precisely before and after cooling cell

Off-line, form “virtual bunch” and compute emittances in and out

$$$

...but mux’ing readout by 7 gives suff. resolution and reduces cost
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Nominal (“SFOFO”) Lattice (200 MeV/c)

• Bz vs. z:

• 0t  vs. z:
 

• 1 flexibility to explore other settings, momenta, absorber mat’ls...



Performance Simulation (nominal SFOFO mode):
(BNL ICOOL simulation)

",10% transverse emittance reduction, measurable to 0.1% (abs.) given
precise spectrometer, clean beam, and efficient, redundant particle ID

long.

2D trans.

6D

equilib.
emittance



Tracker Performance Simulation:
(C. Rogers, ICL G4MICE simulation)

• Correctable ,1% bias due to scattering in detectors:

• Key physics goal of “MICE Phase 1”:

– demonstrate bias correction to <10% of itself, as needed for 0.1% emittance measurement



Beamline includes: 

 

     2 bends

     3 small-aperture quads

     6 large-aperture quads

     4T decay solenoid (from PSI)

Prototype solenoidal spectrometer: 

     4 3-view SciFi stations

     designed for insertion in 4T SC solenoid     

Current Status:

• MICE proposal submitted January 2003

• Proposal approved by CCLRC 10/24/03

• MICE funding (Phase 1) approved in Italy, Japan, Netherlands, Switzerland, UK, US

– Includes installation of muon beamline on ISIS at RAL:

... as well as MICE spectrometers, e.g.:

• Plan: 1st MICE beam at RAL 4/07



Avatars of MICE

• Measurement precision relies crucially on precise calibration & thorough
study of systematics:

Characterize beam

Study 1st abs./
focus-coil pair,
check dE/dx and
scattering

Cooling study w/
full lattice cell &
realistic field flip

2007

2008?

2009?

       Calibrate Spect. 1

       
Intercalibrate Spect. 2 w.r.t. 
Spect. 1; demonstrate 0.1% 
emittance measurement

       
Cooling study w/
1/2 lattice cell



Avatars of MICE

• Measurement precision relies crucially on precise calibration & thorough
study of systematics:

Characterize beam

Study 1st abs./
focus-coil pair,
check dE/dx and
scattering

Cooling study w/
full lattice cell &
realistic field flip

2007

2008?

2009?

       Calibrate Spect. 1

       
Intercalibrate Spect. 2 w.r.t. 
Spect. 1; demonstrate 0.1% 
emittance measurement

       
Cooling study w/
1/2 lattice cell

Phase 2

Phase 1



Sampler of Recent Progress: SciFi Tracker Test at KEK
(KEK / Osaka / UK / FNAL / IIT / UCR / UCLA)

• Installing 4-station prototype in 1T SC solenoid:

(already passed cosmic-ray test)

• Test beam scheduled for Sept. 27 – Oct. 7

Electronics area

Beam area

Tracker 
awaiting 
uncrating

Tracker prototype



–  also much work on hydrogen safety

Absorber Design
(KEK, Oxford, RAL)

• Need LH2 absorbers with 0.1–1 kW power-handling capability

 

 

Prototype high-power LH2 absorber

MICE low-power design

 

(MuCool)

 (cryocooler-cooled)



...about to begin high-power testing
   at Fermilab MTA

RF Cavities
(LBNL)

•  Prototype 201 MHz cavity with thin, 
   curved Be windows 



@ LBNL

@ DL

RF Power

• Two surplus 4 MW, 201 MHz power amplifiers shipped from LBNL to DL
for refurbishing

• Plan to get two more refurbished from
CERN

" 2 MW per cavity in Step V,

1 MW per cavity in Step VI



More...

• Work also proceding on

–  spectrometer solenoids

–  beamline and infrastructure

–  particle-ID detectors

–  DAQ system

–  software...

...but I’m out of time to tell you about it!



Conclusions

• MICE is now approved and Phase 1 is funded

• Progressing well technically

• On track to exploit first beam in 2007

• Complete program requires Phase 2 funding approvals

– additional collaborators could help

• Aim to finish by 2010


