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Outline

• System Demonstrations overview

• MICE Status

• 6DICE Status

• Outlook
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MICE,&,6DICE
• MICE Goals:

- Demonstrate feasibility & performance of muon ionization cooling 
by building & testing actual cooling channel section

o validate Monte Carlo models

o understand performance well enough to reliably extrapolate 
MC or NF cooling cost

o measure ≈10% emittance reduction to 1% ⟹ need 10–3 emittance resolution
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MICE,&,6DICE
• MICE Goals:

- Demonstrate feasibility & performance of muon ionization cooling 
by building & testing actual cooling channel section

o validate Monte Carlo models

o understand performance well enough to reliably extrapolate 
MC or NF cooling cost

o measure ≈10% emittance reduction to 1% ⟹ need 10–3 emittance resolution

• 6DICE Goals:

- Develop plan (FP-I) for, and bench-test (FP-II), components needed 
for 6D cooling

- 1st emittance-exchange demonstration (in MICE Step IV)

- Evaluate need for dedicated 6D cooling test & design if necessary

o nuSTORM could provide a suitable beam

- Evaluate need for collective-effects test & design if necessary (p-beam)
3
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MICE

µ beam
~200 MeV/c

TOF 4T spectrometer I

Cooling cell (~10%)
ß = 5–45 cm, LH2, RF

4T spectrometer II

TOF
Calorimeters 

SciFi solenoidal spectrometers 
measure emittance to 1‰ 
(muon by muon)

• International Muon Ionization Cooling Experiment at 
UK’s Rutherford Appleton Laboratory (RAL)

• Flexibility to test several 
absorber materials and 
optics schemes

• Status:  under construction, program complete by ~2020
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• Located at STFC Rutherford Appleton Lab 
(Chilton, Oxfordshire, UK)

MICE
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ISIS

• Located at STFC Rutherford Appleton Lab 
(Chilton, Oxfordshire, UK)

MICE
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ISIS
MICE

• Located at STFC Rutherford Appleton Lab 
(Chilton, Oxfordshire, UK)

• Uses dedicated, custom
muon beamline off of ISIS 
800-MeV proton synchrotron 

MICE
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MICE,Collabora4on
The MICE Collaboration
(listed alphabetically in country.town order)

• M. Bogomilov, Y. Karadzhov, D. Kolev, I. Russinov, R. Tsenov
Department of Atomic Physics, St. Kliment Ohridski University of Sofia, 5 James Bourchier Boulevard, BG-1164 
Sofia, Bulgaria

• R. Bertoni, M. Bonesini, S. Terzo
INFN Milano, Dipartimento di Fisica G. Occhialini Piazza Scienza 3, 20126 Milano, Italy

• V. Palladino
INFN Napoli e Università Federico II, Napoli, Italy

• G. Cecchet, A. de Bari
INFN Pavia, Italy

• D. Orestano, L. Tortora
INFN Roma III and Physics Department of ROMA TRE University, Via della Vasca Navale 84, I-00146 Roma, Italy

• P. Chimenti, G. Giannini
University of Trieste and INFN Trieste, Italy

• S. Ishimoto, S. Suzuki, K. Yoshimura
High Energy Accelerator Research Organization (KEK), Institute of Particle and Nuclear Studies, Tsukuba, Ibaraki, 
Japan

• Y. Mori
Kyoto University Research Reactor Institute, Kumatori-cho Sennan-gun, Osaka 590-0494, Japan

• Y. Kuno, H. Sakamoto, A. Sato, T. Yano, M. Yoshida
Osaka University, Graduate School of Science, Department of Physics, Toyonaka, Osaka, Japan

• L. Wang, F. Y. Xu, S. X. Zheng
Institute of Cryogenics and Superconductivity Technology, Harbin Institute of Technology, Harbin, 150001, PR China

• F. Filthaut*
NIKHEF, Amsterdam, The Netherlands

• N. Mezentsev, A. N. Skrinsky
Budker Institute of Nuclear Physics, Novosibirsk, Russian Federation

• R. Garoby, H. Haseroth, F. Sauli
CERN, Geneva, Switzerland

• A. Blondel, J.-S. Graulich, V. Verguilov
DPNC, Section de Physique, Université de Genève, Switzerland

• C. Petitjean
Paul Scherrer Institut, CH 5232 Villigen PSI, Switzerland

• R. Seviour
The Cockcroft Institute, Daresbury Science and Innovation Centre, Daresbury, Warrington WA4 4AD, UK

• M. Ellis%, P. Kyberd, M. Littlefield, H. Nebrensky
Brunel University, Uxbridge, Middlesex UB8 3PH, United Kingdom

• D. Forrest, F. J. P. Soler
Department of Physics and Astronomy, Kelvin Building, The University of Glasgow, Glasgow, G12 8QQ, UK

• P. Cooke, R. Gamet
Department of Physics, University of Liverpool, Oxford St, Liverpool L69 7ZE, UK

• G. Barber, A. Dobbs, P. Dornan, A. Fish, R. Hare, A. Jamdagni, V. Kasey, M. Khaleeq, K. Long, H. Sakamoto, T. 
Sashalmi, K. Walaron
Imperial College of Science, Technology and Medicine, Prince Consort Road, London SW7 2BW, UK

• W. W. M. Allison, M. Apollonio, G. Barr, J. Cobb, S. Cooper, S. Holmes, H. Jones, W. Lau, H. Witte, S. Yang
Department of Physics, University of Oxford, Denys Wilkinson Building, Keble Road, Oxford OX1 3RH, UK

• J. Alexander, G. Charnley, S. Griffiths, B. Martlew, A. Moss, I. Mullacrane, A. Oats, S. York
CCLRC Daresbury Laboratory, Daresbury, Warrington, Cheshire, WA4 4AD, UK

• R. Apsimon, P. Barclay, D. E. Baynham, T. W. Bradshaw, M. Courthold, R. Edgecock, P. Flower, T. Hayler, M. Hills, 
T. Jones, N. McNubbin, W. J. Murray, C. Nelson, A. Nicholls, P. R. Norton, C. Prior, J. H. Rochford, C. Rogers, W. 
Spensley, K. Tilley
CCLRC Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, OX11 0QX, UK

• C. N. Booth, P. Hodgson, R. Nicholson, E. Overton, M. Robinson, P. Smith
Department of Physics and Astronomy, University of Sheffield, Sheffield S3 7RH, UK

• J. Norem
Argonne National Laboratory, 9700 S. Cass Avenue, Argonne, IL 60439, USA

• A. D. Bross, S. Geer, D. Neuffer, A. Moretti, M. Popovic, R. Raja, R. Stefanski, Z. Qian
Fermilab, P.O. Box 500, Batavia, IL 60510-0500, USA

• T. J. Roberts
Muons Inc., Batavia, IL 60510, USA

• A. DeMello, M. A. Green, D. Li, A. M. Sessler, S. Virostek, M. S. Zisman
Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA

• B. Freemire, P. Hanlet, G. Kafka, D. M. Kaplan, P. Snopok, Y. Torun
Illinois Institute of Technology, 3101 S. Dearborn St., Chicago, IL 60616, USA

• M. A. C. Cummings
Northern Illinois University, DeKalb, IL 60115, USA

• U. Bravar
University of New Hampshire, Durham, NH 03824, USA

• Y. Onel
University of Iowa, Iowa City, IA52242, USA

• D. Cline, K. Lee, Y. Fukui, X. Yang
UCLA Physics Department, Los Angeles, CA 90024, USA

• R. A. Rimmer
Jefferson Lab, 12000 Jefferson Avenue, Newport News, VA 23606, USA

• L. M. Cremaldi, T. L. Hart, D. J. Summers
University of Mississippi, Oxford, MS 38677, USA

• L. Coney, R. Fletcher, G. G. Hanson, C. Heidt
University of California, Riverside, Riverside, CA 92521-0413 USA

• R. B. Palmer, S. Kahn, J. Gallardo, H. Kirk
Brookhaven National Laboratory, Upton, NY 11973-5000, USA

http://atomic.phys.uni-sofia.bg/
http://atomic.phys.uni-sofia.bg/
http://www.mi.infn.it/
http://www.mi.infn.it/
http://www.na.infn.it/
http://www.na.infn.it/
http://www.pv.infn.it/
http://www.pv.infn.it/
http://www.roma3.infn.it/
http://www.roma3.infn.it/
http://www.uniroma3.it/
http://www.uniroma3.it/
http://www.ts.infn.it/
http://www.ts.infn.it/
http://www.kek.jp/
http://www.kek.jp/
http://www.rri.kyoto-u.ac.jp/en/
http://www.rri.kyoto-u.ac.jp/en/
http://www.osaka-u.ac.jp/eng/academics/science.html
http://www.osaka-u.ac.jp/eng/academics/science.html
http://en.hit.edu.cn/
http://en.hit.edu.cn/
http://www.nikhef.nl/
http://www.nikhef.nl/
http://www.cern.ch/
http://www.cern.ch/
http://dpnc.unige.ch/
http://dpnc.unige.ch/
http://www.psi.ch/
http://www.psi.ch/
http://www.lancs.ac.uk/cockcroft-institute/
http://www.lancs.ac.uk/cockcroft-institute/
http://www.brunel.ac.uk/
http://www.brunel.ac.uk/
http://ppewww.ph.gla.ac.uk/
http://ppewww.ph.gla.ac.uk/
http://hep.ph.liv.ac.uk/
http://hep.ph.liv.ac.uk/
http://www.hep.ph.ic.ac.uk/
http://www.hep.ph.ic.ac.uk/
http://www2.physics.ox.ac.uk/pnp/default.asp
http://www2.physics.ox.ac.uk/pnp/default.asp
http://www.cclrc.ac.uk/Activity/DL
http://www.cclrc.ac.uk/Activity/DL
http://hepwww.rl.ac.uk/pub/ppd.html
http://hepwww.rl.ac.uk/pub/ppd.html
http://www.shef.ac.uk/physics/research/pppa/
http://www.shef.ac.uk/physics/research/pppa/
http://www.hep.anl.gov/
http://www.hep.anl.gov/
http://www.fnal.gov/
http://www.fnal.gov/
http://www.muonsinc.com/
http://www.muonsinc.com/
http://www.lbl.gov/
http://www.lbl.gov/
http://www.capp.iit.edu/%7Ecapp/hep/iithep.shtml
http://www.capp.iit.edu/%7Ecapp/hep/iithep.shtml
http://www.physics.niu.edu/
http://www.physics.niu.edu/
http://www.unh.edu/
http://www.unh.edu/
http://www.physics.uiowa.edu/%7Eumallik/expnew.html
http://www.physics.uiowa.edu/%7Eumallik/expnew.html
http://www.physics.ucla.edu/
http://www.physics.ucla.edu/
http://www.jlab.org/
http://www.jlab.org/
http://www.phy.olemiss.edu/HEP/
http://www.phy.olemiss.edu/HEP/
http://physics.ucr.edu/Area/pp.html
http://physics.ucr.edu/Area/pp.html
http://www.bnl.gov/physics/
http://www.bnl.gov/physics/
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µ

Incoming muon beam

Variable
Diffuser

 

Beam PID
TOF 0, TOF 1

 Cherenkovs

Trackers 1 & 2 

Liquid Hydrogen absorbers 1,2,3

Downstream
particle ID: 
TOF 2, KL

EMR

 

RF cavities RF power         

Spectrometer               
solenoid 1  

Spectrometer                
solenoid 2

Coupling Coils 1&2
Focus coils 

SS SSAFC RFCC AFC RFCC AFC

MICE Module Key:

• Spectrometer Solenoid (SS)

• Absorber–Focus Coil (AFC)

• RF–Coupling Coil (RFCC)



MICE CM36 – wrap up Alain Blondel   

µ!
Provisional MICE SCHEDULE  
update: June 2013 

STEP I 

STEP IV 
(possibly  
 w/o field:  
 Q2 2014) 

 Q1 2015 
to Q1 2016  

STEP VI 

Run date: 

EMR run Oct 2013 

Under construction: 

Target date Q3 2019 
Step V run possible 2018 

Resource Loaded Schedule --  MIPO’s hard work! 

Slip since october 2012 = 2 months  
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Steps,of,MICE
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MICE,Beamline

9

• Installed 2007–8

• Works well
see Bogomilov et al., JINST 7 (2012) P05009

WIN 11 J.S. Graulich Slide 11

Specifications:
• ~ 1 spill / second
• ~ 1 ms spill duration 

• ~ 100 muons / spill 
• Muon momentum 140 to 240 MeV/c
• pD2 = pD1 / 2 (backward muons)

D1
D2

Q1-Q3

Q4-Q6 Q7-Q9

[RAL]
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MICE,Beamline

9

• Installed 2007–8

• Works well
see Bogomilov et al., JINST 7 (2012) P05009

WIN 11 J.S. Graulich Slide 11

Specifications:
• ~ 1 spill / second
• ~ 1 ms spill duration 

• ~ 100 muons / spill 
• Muon momentum 140 to 240 MeV/c
• pD2 = pD1 / 2 (backward muons)

D1
D2

Q1-Q3

Q4-Q6 Q7-Q9

[RAL]

WIN 11 J.S. Graulich Slide 12

Installation of 5 T Decay 
Solenoid (PSI surplus)

Q7-Q9

Q4-Q6

D2

Downstream Muon Beam Line

Mice  Target System in ISIS

Upstream Pion Beam 
Line

Q1-Q3D1

Decay Solenoid Area (DSA) 
– shielded against possible neutron spray from ISIS
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MICE,Par4cle,ID

• Performed using 

- 3 sets of TOF counters (Milan/Pavia/Geneva/Sofia), 

- 2 Cherenkov counters (U Miss/IIT/U Iowa) 

- KL sampling EM Calorimeter (Rome III), and

- Electron-Muon Ranger (Geneva/FNAL/Trieste/Como)

• Need to suppress (to < 10–3 level) 
undecayed π in beam & decay electrons
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MICE,Par4cle,ID

• Performed using 

- 3 sets of TOF counters (Milan/Pavia/Geneva/Sofia), 

- 2 Cherenkov counters (U Miss/IIT/U Iowa) 

- KL sampling EM Calorimeter (Rome III), and

- Electron-Muon Ranger (Geneva/FNAL/Trieste/Como)

• Need to suppress (to < 10–3 level) 
undecayed π in beam & decay electrons

In and working?

√
√
√

           due in Sept
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[Milan, Pavia, Geneva, Sofia]

Introduction Reconstruction Data Simulation Conclusion The time of flight detectors 6D phase space measurement

The time of flight detectors

Bonesini et al (Milano),
and Tsenov et al (Sofia)
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Time%of%Flight-Counters

!

Figure 15. Time difference Δtxy between vertical and horizontal slabs in TOF0, TOF1 and TOF2. The
trigger is on TOF1.

Figure 16. Time of flight between TOF0 and TOF1 for a muon beam (left) and a “calibration” beam (right).

Figure 16 shows distributions of the time-of-flight between TOF0 and TOF1. The left panel500

represents data taken with a ⇥ � µ beam. It has a small contamination of electrons and pions.501

Similar beams will be used to demonstrate ionization cooling. The right panel shows data taken502

with a calibration beam. In this beam configuration electrons, muons and pions fall into three well-503

defined peaks. Similar plots for the time-of-flight between TOF0 and TOF2 are shown in figure 17.504
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[Milan, Pavia, Geneva, Sofia]
Time%of%Flight-Counters

• Setting pD2 = pD1  gives 
π/µ/e calibration beam: 

Figure 15. Time difference Δtxy between vertical and horizontal slabs in TOF0, TOF1 and TOF2. The
trigger is on TOF1.

Figure 16. Time of flight between TOF0 and TOF1 for a muon beam (left) and a “calibration” beam (right).

Figure 16 shows distributions of the time-of-flight between TOF0 and TOF1. The left panel500

represents data taken with a ⇥ � µ beam. It has a small contamination of electrons and pions.501

Similar beams will be used to demonstrate ionization cooling. The right panel shows data taken502

with a calibration beam. In this beam configuration electrons, muons and pions fall into three well-503

defined peaks. Similar plots for the time-of-flight between TOF0 and TOF2 are shown in figure 17.504
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• Can select “pure” µ 
beam by pD2 = 0.5 pD1:

12
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TOF$Emi(ance$Analysis

13

• Emittance analysis without 
spectrometers (done because SS 
delayed):

- PMTs at each end allow interpolation 
to ≈1 cm

- TOFs measure x′ to 18 mrad, 
y′ to 5 mrad, 
p to ≈ 2%

- see Adams et al., arXiv:1306.1509

• Conclusion: 
beam is well understood and 
suitable for MICE program
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Figure 10: Horizontal (x) and vertical (y) trace space distributions at TOF1 for simulation (top), reconstructed
simulation (centre) and data (bottom) for a (6, 200)µ− beam. The ellipses correspond to χ2 = 6 (see text).
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Cherenkov,Counters
• 2 Cherenkov counters with aerogel radiators:

• Located in DSA, 
downstream of Q9 & TOF0

• 1 GS/s FADC readout

• Working well
14

MICE CHERENKOV 
DETECTOR

Gene Kafka, Illinois Institute of Technology
University of Mississippi, University of Iowa

Introduction
Cherenkov Radiators can provide particle identification (π - μ - e) for 
MICE, and may be used to resolve backgrounds in tandem with the 
time of flight detectors. 

The Cherenkov Detector
• The detector is positioned upstream before the cooling channel 
and consists of two aerogel Cherenkov counters, CKOVa and 
CKOVb.
• Four 8” PMT counters with GORE reflectors collect the Cherenkov 
light in each counter.
• For CKOVa and CKOVb, the high density aerogel indices of 
refraction are 1.07 and 1.12 respectively.
• These indices correspond to threshold momenta of 278 MeV/c and 
210 MeV/c for muons and 367 MeV/c and 277 MeV/c for pions.

• The particle rate in the CKOV detector is high enough, that the 
digitization of the pulse profile is performed using a very high 
frequency sampling digitizer CAEN V1731 (1 GS/s maximum 

Theresholds
• For a 200 MeV/c beam, pions are below threshold for both CKOVa 
and CKOVb, while muons are above threshold only for CKOVb. For a 
240 MeV/c Beam, pions are above threshold for CKOVb while 
muons are above threshold for both CKOVa and CKOVb.

• An appropriate momentum 
cut is applied to select for 
muons, and; 
• From this selection a 
comparison to the estimated 
number of photoelectrons 
can be made to demonstrate 
the performance of the 
detectors

Particle Identification
• The time-of-flight system in MICE consists of three individual 
detectors (TOF0, TOF1 and TOF2) along the beam line.  CKOVa and 
CKOVb are located between TOF0 and TOF1
• A particle’s time of flight is correlated to the Cherenkov light it 
collected in each of the Cherenkov Vessels.
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• MICE will be the first muon cooling demonstration

• MICE beamline includes diagnostic instruments 
    - Measuring particle rates & beam profiles

    - Providing particle identification
         o Cherenkov detector

         o Time-of-flight counters  

• MICE cooling channel includes  
    - Spectrometers measuring particle trajectories & momenta
         ! beam emittance
  
  and is followed by
    - Particle identification section

    o Time-of-flight counters
    o Calorimeter

Introduction
GVA2 beam monitor

CKOV 1a PMT1

CKOV 1a PMT2

CKOV 1a PMT3

 ! seen in the Cherenkov Detector

 April 2nd 2008

Aerogel Cherenkov Detectors Identify Pions & Muons

- CKOV A,B PMTs triggered by GVA2

- 450 MeV/c protons too slow to produce Cherenkov light
- 450 MeV/c pions produce Cherenkov light

- 8 PMTs of 2 Cherenkov detectors detect Cherenkov 
  light in coincidence with GVA2 

   

GVA 1,2 Time Differences Identify Pions

- Particle time recorded by each GVA scintillator  

- Faster pions identified by shorter times of flight
   

Beam Transport

- Upstream Dipole 1 current set for transport of 
    450 MeV/c particles

- Downstream Dipole 2 current scanned and GVA2 
    rate measured

- GVA2 rate peak at Dipole 2 current indicates transport
     of 450 MeV/c particles through MICE beamline 
   

MICE Beamline Diagnostics

Tracker Cherenkov Detectors

Description: 5 stations of scintillating fibers 
  segmented in 3 views immersed in solenoid
  magnetic field 
 
Purpose:  Measure particle trajectory and
  momentum

Status:  - Upstream tracker finished
             - Downstream tracker almost finished 
             - Tracker cosmic-ray tests in progress

                      

Description: 2 vessels with aerogel radiator 
  of different refractive indices (n = 1.07, 1.12)
  read out by 8” PMTs with Tyvek reflectors  

Purpose:  Identify muons & background pions

Status:  Taking data in MICE beamline  

5-station SciFi tracker      

Cherenkov PMT 

Aerogel Radiator

Cherenkov Counters installed

Description: 3 sets of X and Y scintillation 
  hodoscopes read out by fast PMTs at 
  both ends
 
Purpose: Part of trigger, particle identification

Status:  60 ps resolution achieved in test beam; 
  TOF0 now installed and running

Time-of-Flight counter assembly and magnetic shield

Description: 
   - 1 layer of lead read out by scintillating fibers 
   - 40 layers of scintillator read out by   
        wavelength-shifting fibers

Purpose:  Identify decay electrons

Status:  - Installed in MICE
             - Scintillator/wavelength-shifting fiber  
               detector prototype exposed to       
               cosmic rays, test beam

 1-layer Pb-SciFi detector 

Scintillator/wavelength-shifting 

fiber detector prototype

Installed in MICE

MICE:  The International Muon Ionization Cooling Experiment:
Emittance Measurement

Daniel M. Kaplan and Terrence Hart 

for the MICE Collaboration

Reconstructed cosmic-ray track

Time-of-Flight Counters Calorimeter

TOF0 installed          TOF0 beam profile

Dipole 1,2:  Bending magnets selecting 

450 MeV/c particles

BC1, BC2:  16-channel checkerboard 

scintillating counters

GVA1, GVA2:  20x20 cm2 scintillators

CKOVA, CKOVB:  Aerogel Cherenkov 

detectors to ID pions & muons

MICE Beamline MICE Cooling Channel and Detectors

TOF

4 T Solenoid 

Spectrometer

Cooling Cell (~10%)

"#=5 – 45 cm, liquid H2, 

RF

4 T Solenoid 

Spectrometer

Single-$ beam

~200 MeV/c

Final PID:

TOF

Calorimeter

electrons !!

�!"#$%&"'"()*+
,#&)-./"+,#)0+1+!2'"()%'
� !"#$%&'"()#*"+,(-./01(
)#/%(*2'(*"#3'(%/#3'(
&"4)(!567(*4(!568

� 944:();4$(%'<'3*':(=(/#"*+3<'(/4%+*+4$%()'#%;"':((((�
� >%'(/"4:;3*(4&(*"#$%&'"()#*"+3'%(-./01(*2"4;?2(*2'(:"+&*%(
#$:(@;#:";/4<'()#?$'*%(*4()#/(*"#3'(%/#3'(&"4)(!567(
*4(!568(.A+*2(:'*(-(� 81B

� !2'(#$?<'%(#"'(:':;3':(&"4)(*2'(/4%+*+4$%

��	

�
���

�
��	

�
���

�
���	

�
���

�
!! "

"

###$

$#$$

$

$

!
!

""
""

!
!

��	

�
���

�
��	

�
���

�
�
�

���	

�
���

�

$

"

##

$$

$#$

"

$
$$

!
!

!
!

"
"

"!
!

C$*"4:;3*+4$ -CDE(((((((((((((((F*'/(8(((((((((((((((E)+**#$3'(-'#%;"')'$* D4$3<;%+4$%

Image of the two Aerogel Cherenkov Counters inside the closed 
DSA area at RAL. Beamline impinges from the left.

Upstream configuration of TOF0, TOF1, CKOVa, CKOVb

Standard Cherenkov fADC Readout

M. Bonesini - NUFACT08 Valencia 13

CKOV design

aerogel
mirror

Schott
glass

Reflector

Delrin
window

rear cover

CKOV Design. Note: the Schott glass window has recently been 
replaced with an acetate window.

1. Time-of-flight between TOF0 and TOF1 for a low emittance 
calibration beam for detector characterization. 2. Number of 

photoelectrons in CKOVb for measured TOF.
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• For each of the Cherenkov vessels, 
four PMT pulses are readout.
• Peaks are located,  integrated, and the 
total photoelectron count is measured 
for a single particle event.
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• For a single particle event, 
the number of 
photoelectrons produced in 
each of the Cherenkov 
detectors will be reported to 
improve particle 
identification. 

Figure 13. Aerogel Cherenkov counter blowup: a) entrance window, b) mirror, c) aerogel mosaic, d) acetate
window, e) GORE reflector panel, f) exit window and g) 8 inch PMT in iron shield.

Figure 14. Shielding used for TOF PMTs. Left panel: TOF1 global cage showing, A) extraction brackets,
B/E) shielding plates, C) TOF1 detector in working position, D) rails to move TOF1 outside the shielding
cage. Right panel: TOF2 local shielding with massive soft iron boxes.

The slabs in each station form two planes with x and y orientations to increase measurement re-452

dundancy. Each slab is read out at each end by a Hamamatsu R4998 fast photomultiplier (rise time453

⇥ 1 ns). The active areas of TOF0 ,TOF1 and TOF2 are 40�40 cm2, 42�42 cm2 and 60�60 cm2,454

respectively. The strip width is 4 cm for TOF0 and 6 cm for the other two stations. All downstream455

PID detectors and the TOF1 station will be shielded against stray magnetic fields of up to 1300G456

(with a ⇥ 400G longitudinal component) due to the presence of the spectrometer solenoids. TOF1457

will be shielded by a double-sided iron cage which fully contains the detector. The iron cage has458

a hole for the beam. The TOF2 and KL PMTs are shielded by soft iron boxes [51], as shown in459

Figure 14. In MICE Step I, only the local PMT shields for TOF2 and KL were installed.460

The TOF stations must sustain a high instantaneous particle rate (up to 1.5MHz for TOF0).461
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Cherenkov,Counters
• 2 Cherenkov counters with aerogel radiators:

• Located in DSA, 
downstream of Q9 & TOF0

• 1 GS/s FADC readout

• Working well
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MICE CHERENKOV 
DETECTOR

Gene Kafka, Illinois Institute of Technology
University of Mississippi, University of Iowa

Introduction
Cherenkov Radiators can provide particle identification (π - μ - e) for 
MICE, and may be used to resolve backgrounds in tandem with the 
time of flight detectors. 

The Cherenkov Detector
• The detector is positioned upstream before the cooling channel 
and consists of two aerogel Cherenkov counters, CKOVa and 
CKOVb.
• Four 8” PMT counters with GORE reflectors collect the Cherenkov 
light in each counter.
• For CKOVa and CKOVb, the high density aerogel indices of 
refraction are 1.07 and 1.12 respectively.
• These indices correspond to threshold momenta of 278 MeV/c and 
210 MeV/c for muons and 367 MeV/c and 277 MeV/c for pions.

• The particle rate in the CKOV detector is high enough, that the 
digitization of the pulse profile is performed using a very high 
frequency sampling digitizer CAEN V1731 (1 GS/s maximum 

Theresholds
• For a 200 MeV/c beam, pions are below threshold for both CKOVa 
and CKOVb, while muons are above threshold only for CKOVb. For a 
240 MeV/c Beam, pions are above threshold for CKOVb while 
muons are above threshold for both CKOVa and CKOVb.

• An appropriate momentum 
cut is applied to select for 
muons, and; 
• From this selection a 
comparison to the estimated 
number of photoelectrons 
can be made to demonstrate 
the performance of the 
detectors

Particle Identification
• The time-of-flight system in MICE consists of three individual 
detectors (TOF0, TOF1 and TOF2) along the beam line.  CKOVa and 
CKOVb are located between TOF0 and TOF1
• A particle’s time of flight is correlated to the Cherenkov light it 
collected in each of the Cherenkov Vessels.
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• MICE will be the first muon cooling demonstration

• MICE beamline includes diagnostic instruments 
    - Measuring particle rates & beam profiles

    - Providing particle identification
         o Cherenkov detector

         o Time-of-flight counters  

• MICE cooling channel includes  
    - Spectrometers measuring particle trajectories & momenta
         ! beam emittance
  
  and is followed by
    - Particle identification section

    o Time-of-flight counters
    o Calorimeter

Introduction
GVA2 beam monitor

CKOV 1a PMT1

CKOV 1a PMT2

CKOV 1a PMT3

 ! seen in the Cherenkov Detector

 April 2nd 2008

Aerogel Cherenkov Detectors Identify Pions & Muons

- CKOV A,B PMTs triggered by GVA2

- 450 MeV/c protons too slow to produce Cherenkov light
- 450 MeV/c pions produce Cherenkov light

- 8 PMTs of 2 Cherenkov detectors detect Cherenkov 
  light in coincidence with GVA2 

   

GVA 1,2 Time Differences Identify Pions

- Particle time recorded by each GVA scintillator  

- Faster pions identified by shorter times of flight
   

Beam Transport

- Upstream Dipole 1 current set for transport of 
    450 MeV/c particles

- Downstream Dipole 2 current scanned and GVA2 
    rate measured

- GVA2 rate peak at Dipole 2 current indicates transport
     of 450 MeV/c particles through MICE beamline 
   

MICE Beamline Diagnostics

Tracker Cherenkov Detectors

Description: 5 stations of scintillating fibers 
  segmented in 3 views immersed in solenoid
  magnetic field 
 
Purpose:  Measure particle trajectory and
  momentum

Status:  - Upstream tracker finished
             - Downstream tracker almost finished 
             - Tracker cosmic-ray tests in progress

                      

Description: 2 vessels with aerogel radiator 
  of different refractive indices (n = 1.07, 1.12)
  read out by 8” PMTs with Tyvek reflectors  

Purpose:  Identify muons & background pions

Status:  Taking data in MICE beamline  

5-station SciFi tracker      

Cherenkov PMT 

Aerogel Radiator

Cherenkov Counters installed

Description: 3 sets of X and Y scintillation 
  hodoscopes read out by fast PMTs at 
  both ends
 
Purpose: Part of trigger, particle identification

Status:  60 ps resolution achieved in test beam; 
  TOF0 now installed and running

Time-of-Flight counter assembly and magnetic shield

Description: 
   - 1 layer of lead read out by scintillating fibers 
   - 40 layers of scintillator read out by   
        wavelength-shifting fibers

Purpose:  Identify decay electrons

Status:  - Installed in MICE
             - Scintillator/wavelength-shifting fiber  
               detector prototype exposed to       
               cosmic rays, test beam

 1-layer Pb-SciFi detector 

Scintillator/wavelength-shifting 

fiber detector prototype

Installed in MICE

MICE:  The International Muon Ionization Cooling Experiment:
Emittance Measurement

Daniel M. Kaplan and Terrence Hart 

for the MICE Collaboration

Reconstructed cosmic-ray track

Time-of-Flight Counters Calorimeter

TOF0 installed          TOF0 beam profile

Dipole 1,2:  Bending magnets selecting 

450 MeV/c particles

BC1, BC2:  16-channel checkerboard 

scintillating counters

GVA1, GVA2:  20x20 cm2 scintillators

CKOVA, CKOVB:  Aerogel Cherenkov 

detectors to ID pions & muons

MICE Beamline MICE Cooling Channel and Detectors
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RF

4 T Solenoid 

Spectrometer
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Image of the two Aerogel Cherenkov Counters inside the closed 
DSA area at RAL. Beamline impinges from the left.

Upstream configuration of TOF0, TOF1, CKOVa, CKOVb

Standard Cherenkov fADC Readout
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CKOV design

aerogel
mirror

Schott
glass

Reflector

Delrin
window

rear cover

CKOV Design. Note: the Schott glass window has recently been 
replaced with an acetate window.

1. Time-of-flight between TOF0 and TOF1 for a low emittance 
calibration beam for detector characterization. 2. Number of 

photoelectrons in CKOVb for measured TOF.
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• For each of the Cherenkov vessels, 
four PMT pulses are readout.
• Peaks are located,  integrated, and the 
total photoelectron count is measured 
for a single particle event.
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• For a single particle event, 
the number of 
photoelectrons produced in 
each of the Cherenkov 
detectors will be reported to 
improve particle 
identification. 

Figure 13. Aerogel Cherenkov counter blowup: a) entrance window, b) mirror, c) aerogel mosaic, d) acetate
window, e) GORE reflector panel, f) exit window and g) 8 inch PMT in iron shield.

Figure 14. Shielding used for TOF PMTs. Left panel: TOF1 global cage showing, A) extraction brackets,
B/E) shielding plates, C) TOF1 detector in working position, D) rails to move TOF1 outside the shielding
cage. Right panel: TOF2 local shielding with massive soft iron boxes.

The slabs in each station form two planes with x and y orientations to increase measurement re-452

dundancy. Each slab is read out at each end by a Hamamatsu R4998 fast photomultiplier (rise time453

⇥ 1 ns). The active areas of TOF0 ,TOF1 and TOF2 are 40�40 cm2, 42�42 cm2 and 60�60 cm2,454

respectively. The strip width is 4 cm for TOF0 and 6 cm for the other two stations. All downstream455

PID detectors and the TOF1 station will be shielded against stray magnetic fields of up to 1300G456

(with a ⇥ 400G longitudinal component) due to the presence of the spectrometer solenoids. TOF1457

will be shielded by a double-sided iron cage which fully contains the detector. The iron cage has458

a hole for the beam. The TOF2 and KL PMTs are shielded by soft iron boxes [51], as shown in459

Figure 14. In MICE Step I, only the local PMT shields for TOF2 and KL were installed.460

The TOF stations must sustain a high instantaneous particle rate (up to 1.5MHz for TOF0).461
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[U Miss, IIT, U Iowa]

MICE CHERENKOV 
DETECTOR

Gene Kafka, Illinois Institute of Technology
University of Mississippi, University of Iowa

Introduction
Cherenkov Radiators can provide particle identification (π - μ - e) for 
MICE, and may be used to resolve backgrounds in tandem with the 
time of flight detectors. 

The Cherenkov Detector
• The detector is positioned upstream before the cooling channel 
and consists of two aerogel Cherenkov counters, CKOVa and 
CKOVb.
• Four 8” PMT counters with GORE reflectors collect the Cherenkov 
light in each counter.
• For CKOVa and CKOVb, the high density aerogel indices of 
refraction are 1.07 and 1.12 respectively.
• These indices correspond to threshold momenta of 278 MeV/c and 
210 MeV/c for muons and 367 MeV/c and 277 MeV/c for pions.

• The particle rate in the CKOV detector is high enough, that the 
digitization of the pulse profile is performed using a very high 
frequency sampling digitizer CAEN V1731 (1 GS/s maximum 

Theresholds
• For a 200 MeV/c beam, pions are below threshold for both CKOVa 
and CKOVb, while muons are above threshold only for CKOVb. For a 
240 MeV/c Beam, pions are above threshold for CKOVb while 
muons are above threshold for both CKOVa and CKOVb.

• An appropriate momentum 
cut is applied to select for 
muons, and; 
• From this selection a 
comparison to the estimated 
number of photoelectrons 
can be made to demonstrate 
the performance of the 
detectors

Particle Identification
• The time-of-flight system in MICE consists of three individual 
detectors (TOF0, TOF1 and TOF2) along the beam line.  CKOVa and 
CKOVb are located between TOF0 and TOF1
• A particle’s time of flight is correlated to the Cherenkov light it 
collected in each of the Cherenkov Vessels.
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• MICE will be the first muon cooling demonstration

• MICE beamline includes diagnostic instruments 
    - Measuring particle rates & beam profiles

    - Providing particle identification
         o Cherenkov detector

         o Time-of-flight counters  

• MICE cooling channel includes  
    - Spectrometers measuring particle trajectories & momenta
         ! beam emittance
  
  and is followed by
    - Particle identification section

    o Time-of-flight counters
    o Calorimeter
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GVA2 beam monitor

CKOV 1a PMT1
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CKOV 1a PMT3

 ! seen in the Cherenkov Detector

 April 2nd 2008

Aerogel Cherenkov Detectors Identify Pions & Muons

- CKOV A,B PMTs triggered by GVA2

- 450 MeV/c protons too slow to produce Cherenkov light
- 450 MeV/c pions produce Cherenkov light

- 8 PMTs of 2 Cherenkov detectors detect Cherenkov 
  light in coincidence with GVA2 

   

GVA 1,2 Time Differences Identify Pions

- Particle time recorded by each GVA scintillator  

- Faster pions identified by shorter times of flight
   

Beam Transport

- Upstream Dipole 1 current set for transport of 
    450 MeV/c particles

- Downstream Dipole 2 current scanned and GVA2 
    rate measured

- GVA2 rate peak at Dipole 2 current indicates transport
     of 450 MeV/c particles through MICE beamline 
   

MICE Beamline Diagnostics

Tracker Cherenkov Detectors

Description: 5 stations of scintillating fibers 
  segmented in 3 views immersed in solenoid
  magnetic field 
 
Purpose:  Measure particle trajectory and
  momentum

Status:  - Upstream tracker finished
             - Downstream tracker almost finished 
             - Tracker cosmic-ray tests in progress

                      

Description: 2 vessels with aerogel radiator 
  of different refractive indices (n = 1.07, 1.12)
  read out by 8” PMTs with Tyvek reflectors  

Purpose:  Identify muons & background pions

Status:  Taking data in MICE beamline  

5-station SciFi tracker      

Cherenkov PMT 

Aerogel Radiator

Cherenkov Counters installed

Description: 3 sets of X and Y scintillation 
  hodoscopes read out by fast PMTs at 
  both ends
 
Purpose: Part of trigger, particle identification

Status:  60 ps resolution achieved in test beam; 
  TOF0 now installed and running

Time-of-Flight counter assembly and magnetic shield

Description: 
   - 1 layer of lead read out by scintillating fibers 
   - 40 layers of scintillator read out by   
        wavelength-shifting fibers

Purpose:  Identify decay electrons

Status:  - Installed in MICE
             - Scintillator/wavelength-shifting fiber  
               detector prototype exposed to       
               cosmic rays, test beam

 1-layer Pb-SciFi detector 

Scintillator/wavelength-shifting 

fiber detector prototype

Installed in MICE

MICE:  The International Muon Ionization Cooling Experiment:
Emittance Measurement

Daniel M. Kaplan and Terrence Hart 

for the MICE Collaboration

Reconstructed cosmic-ray track

Time-of-Flight Counters Calorimeter

TOF0 installed          TOF0 beam profile

Dipole 1,2:  Bending magnets selecting 

450 MeV/c particles

BC1, BC2:  16-channel checkerboard 

scintillating counters

GVA1, GVA2:  20x20 cm2 scintillators

CKOVA, CKOVB:  Aerogel Cherenkov 

detectors to ID pions & muons

MICE Beamline MICE Cooling Channel and Detectors
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Image of the two Aerogel Cherenkov Counters inside the closed 
DSA area at RAL. Beamline impinges from the left.

Upstream configuration of TOF0, TOF1, CKOVa, CKOVb

Standard Cherenkov fADC Readout
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CKOV design

aerogel
mirror

Schott
glass

Reflector

Delrin
window

rear cover

CKOV Design. Note: the Schott glass window has recently been 
replaced with an acetate window.

1. Time-of-flight between TOF0 and TOF1 for a low emittance 
calibration beam for detector characterization. 2. Number of 

photoelectrons in CKOVb for measured TOF.
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• For each of the Cherenkov vessels, 
four PMT pulses are readout.
• Peaks are located,  integrated, and the 
total photoelectron count is measured 
for a single particle event.
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• For a single particle event, 
the number of 
photoelectrons produced in 
each of the Cherenkov 
detectors will be reported to 
improve particle 
identification. 
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• Under construction at U Geneva

• Prototype already tested at MICE

• To be delivered & installed in Sept.

15

EMR
[Geneva, FNAL, Trieste/Como]

!

!

    
  

!!

Construction
Hardware
Software

Electronics
Cosmics Test Bench

Cosmics Test Bench

full readout of 6 planes

384 (energy per bar) + 6 (total energy deposition
per plane) channels

trigger created by coincidence of additional top
and bottom planes (not in readout)

trigger rate 80 hz

no calibration of PMTs

there are tens of parameters on MAROC ASIC
which affect performance, no optimization so far

first results are impressive!

Ruslan Asfandiyarov, University of Geneva Electron-Muon Ranger (EMR), June 17-19, 2013
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SciFi,Spectrometers

16

1000 mm
~330 mm• Trackers complete & tested

with cosmic rays

- installation awaiting SS delivery

←Typical
cosmic
track

← Light yield ≈10 p.e.

5 stations of 
350 µm SciFi

[US / UK / Japan]

Cosmic test setup
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MICE-Magnets

17

[LBNL, FNAL, U Oxford, RAL]

• US providing SS & CC (see talks this morning)

- 1st SS trained & mapped, 2nd 
ready soon

• UK providing FC – status:

- 1st FC completed, successful 
training in solenoid mode

- flip-mode training problematic

o now negotiating with vendor

- 2nd FC nearly ready
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MICE-Magnets

17

[LBNL, FNAL, U Oxford, RAL]

FC Status 7/12���-XQH�����
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Last ramp up on 11 June:  Negative (– 4 amps) increment

Not what we wished but – apparently – not unknown during training

One difference: no 50A overnight soak

• US providing SS & CC (see talks this morning)

- 1st SS trained & mapped, 2nd 
ready soon

• UK providing FC – status:

- 1st FC completed, successful 
training in solenoid mode

- flip-mode training problematic

o now negotiating with vendor

- 2nd FC nearly ready
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RFCC,Modules

• Design ≈ done

• RF cavities built

- 1st at FNAL for 
MTA tests

- much work on 
couplers, tuners & assembly procedure

• Coupling Coil fab in China (HIT, 
Qi Huan, SINAP) led by LBNL 

- 1st CC cold mass delivered, under
test at FNAL STF

[LBNL, HIT, U Miss]

Improved)Cryostat)DesignImproved)Cryostat)Design
�� Three%cryocoolersThree%cryocoolers

�� Improved%cooling%circuit%designImproved%cooling%circuit%design

�� Increased%spacing%for%MLI%insulation%and%assembly%by%40%mmIncreased%spacing%for%MLI%insulation%and%assembly%by%40%mm

Status)of)MICE)CC)magnets,))D.)Li))and)M.)Zisman,)LBNL,)Feb.)15Status)of)MICE)CC)magnets,))D.)Li))and)M.)Zisman,)LBNL,)Feb.)15BB18,)2011)18,)2011) 55

RFCC%module Cryostat Cold?massRFCC module

!

!

Top Plate Insert 

June 17, 2013 Ruben Carcagno | MICE Collaboration Meeting 8 

• New Dished Head 
• Mechanical Supports 
• Cryo Piping 
• Current Leads 
• Valves, Instrumentation 
• Pressure Test 
• Leak Check 
• Hipot 
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• Fabrication at Y12 (Oak Ridge)

- both disks and wedges ordered

- disks done, awaiting approvals 
for delivery to RAL (CRADA
with STFC)

• Other solid absorbers also
under consideration:  

- C, Al, polyethylene,...

19

LiH,Absorbers
[FNAL]
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LiH,Absorbers
[FNAL]
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RF,Power
• 4 used 2 MW triode supplies

- 2 from LBNL, 2 from CERN

- refurbishment in progress at DL

- 1st complete & tested at 1 MW

o crowbar circuit improvements in 
progress for 2 MW test

• Installation plan devised

• LLRF design in progress

• TIARA test this year
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LH2,System
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• Liquid-hydrogen system
successfully tested

- uses hydride-bed H2 storage

[RAL]
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MICE,SoIware
G4MICE

5

• G4MICE developed initially by 
Y. Torun (IIT)
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MICE,SoIware

 

Geant4
Simulation

Digitization

Reconstruction

Accelerator
Physics

Calibration 
(one for each 

detector)

(Online)
Output

Configuration
Database

Electronics 
diagnostics

& unpacking

Data

Data Flow

MAUS

• Succeeded by MAUS (MICE 
Analysis User Software) 
framework 

- simplifies maintenance & use

- strong emphasis on good
documentation & thorough testing

- making good progress but not 
all there yet

o much to be done to be ready for Step IV!

• G4MICE developed initially by 
Y. Torun (IIT)
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• Complete (Step VI) study of transverse cooling 
by 2020

- with 1st cooling demo (Step IV) in 2015

- as well as demo of emittance exchange

- and possibly Step V in 2018

• PhD theses for ≈ a dozen students so far, with 
several more to come

• For more, see http://mice.iit.edu/
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6DICE,Outlook

• Plenty of issues to work through

- bi-weekly discussion meetings ongoing

- you’re welcome to join the fun!
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