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General Motivation

A Neutrino Factory based
on muon storage ring is the
ultimate tool for studies of
neutrino physics. It is also a
step towards a muon
collider.
Ionization cooling has
never been demonstrated
in practice but has been
shown by simulation and
design studies to be an
important factor both for the
performance and for the
cost of a Neutrino Factory.
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Muon Ionization Cooling Experiment (MICE)

The Muon Ionization Cooling Experiment (MICE) aims to construct a cooling
cell with all the equipment necessary to measure the emittance of a muon
beam before and after this cell based on single particle measurements and
achieve 10% cooling of 200 MeV/c muons. The cooling cell will be
sandwiched between two identical trackers inside 4T superconducting
solenoids, complemented by upstream and downstream particle detectors.
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MICE Beam Instrumentation

MICE is designed to produce a 10% cooling effect on the muon beam

measurement of muon cooling effect to ∼1% precision

different detector technologies are employed

140-240 MeV/c e,µ,pi beam is used
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MICE Beam Instrumentation

TOF - particle identification, trigger and timing

CKOV - muon/pion/electron separation at high momentum

Tracker - particle momentum measurement

KL - electron preshower
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Calorimeter: Electron-Muon Ranger (EMR)

A Fully active scintillator calorimeter will
be located at the very end of the cooling
channel. It will stop all particles and give
very distinct signatures for electrons,
muons and pions allowing for a good
particle identification. Characteristics:

1 m3 of active volume

48 planes composed of 59
triangular scintillator bars with
glued 1.2 mm wavelength shifting
fibers

light is collected by single-anode
PMT on one side of a plane and
by 64-channel PMTs - on the
other: 3120 channels in total

the granularity of the detector allows it to reconstruct individual tracks and
measure energy deposition in every bar
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Detector Design

48 intersecting planes form 24 modules which allow for measurement of X-Y
coordinate of a track, Z coordinate is given by module position

readout electronics are housed inside the support frame and located next to the
PMTs to minimize analog signal distortions, digital signals are sent from the
front-end boards

calibration system based on LED-pulser is installed inside the detector box
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Scintillator Bars

scintillator bars emit in the blue
light
WLS fibers collect the light and
shift it to green
clear fibers transfer the light to
PMT
each bar has individual connectorRuslan Asfandiyarov (University of Geneva), EMR VCI2013, Vienna, February 11-15, 2013 10 / 21
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Scintillator Plane Assembly

59 bars are assembled in a plane
a bundle of clear fibers is
connected to both sides of the
plane
no crimping is used fix the fibers
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Construction

Step I

WLS fibers are inserted
in triangular scintillator
bars and glued with
epoxy. 60 bars at a
time. 3300 bars have
been produced to allow
for 15% rejection rate.

Step II

Both faces of bar fiber
connectors are polished
with a special machine.
Four different sanding
papers are used. The
last polishing paper is
1µm grade diamond
based.

Step III

Each bar is tested with
an LED and digital
camera. Bars with light
output more than 15%
below the average are
rejected. The faults are
due to fiber damage
during gluing and
polishing.

Step IV

Only tested bars are
used for plane
assembly. Two clear
fiber bundles are
clipped to both sides of
the plane.
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EMR Electronics Readout

The EMR has a dual readout.

Fibers from one side of a
plane are bunched together
and directed to a 1-ch. PMT
that gives the total energy in
the plane. Eight 1-ch PMTs
are readout by one flash ADC
(CAEN V1731), there are 6
fADCs in total.

Fibers from the other side of
a plane are coupled to a
64-ch PMT that is readout by
custom-made FPGA-based
electronics.
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EMR Front-End Boards

The Front-End Board (FEB) is designed to readout the
64-ch. PMT. It hosts a MAROC ASIC that amplifies,
discriminates and shapes all input signals. Pulse height
information can be extracted at low rate (during calibration
with cosmics). Time over threshold information is directed
to a piggy-back buffer board.

The Digitizer-Buffer Board (DBB) receives signals from
FEB and stores them in buffer memory. MICE beam is
made of 1ms spills every second. Every spill is composed
of hundreds of particles. All interactions of these particles
are stored in DBB and transferred to PC at the end of a
spill.
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Interaction of Low Energy Particles with EMR
simulation of 200 MeV/c π−/π+/µ−/µ+/e−/e+
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Interaction of Low Energy Particles with EMR
simulation of 200 MeV/c π−/π+/µ−/µ+/e−/e+

π−/π+/µ−/µ+/e−/e+ are shown
on the left

stops all particles with momentum
less than 300 MeV/c

allows for measurements of
stopping properties:

range
shower shape
event topologies
low energy interactions

in MICE it will allow for very good
particle identification for precise
measurement of low energy
beam emittance
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Interaction of Low Energy Particles with EMR
simulation of 200 MeV/c π+/π−/µ+/µ−/e+/e−

e− µ− π−

e+ µ+ π+

good particle identification due to very distinct event topologies
charge identification is not required for this detector
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Summary

Summary

EMR is a totally active scintillator calorimeter
designed to measure properties of low energy interactions
will allow for precise measurement of beam emittance in
MICE - R&D for Neutrino Factory
completion of the construction and beginning beam tests at
Rutherford Laboratory (UK) are scheduled for summer this
year
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Thank you for your attention!

Ruslan Asfandiyarov (University of Geneva), EMR VCI2013, Vienna, February 11-15, 2013 21 / 21


	
	Calorimeter for MICE
	Neutrino Factory
	Beam Instrumentation
	EMR

	EMR Design and Electronics
	Detector Design
	Construction
	Electronics

	Physics Potential
	Event Displays
	Shower Shapes


	
	Summary


	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	0.38: 
	0.39: 
	0.40: 
	0.41: 
	0.42: 
	0.43: 
	0.44: 
	0.45: 
	0.46: 
	0.47: 
	0.48: 
	0.49: 
	0.50: 
	0.51: 
	0.52: 
	0.53: 
	0.54: 
	0.55: 
	0.56: 
	0.57: 
	0.58: 
	0.59: 
	0.60: 
	0.61: 
	0.62: 
	0.63: 
	0.64: 
	0.65: 
	0.66: 
	0.67: 
	0.68: 
	0.69: 
	0.70: 
	0.71: 
	0.72: 
	0.73: 
	0.74: 
	0.75: 
	0.76: 
	0.77: 
	0.78: 
	0.79: 
	0.80: 
	0.81: 
	0.82: 
	0.83: 
	0.84: 
	0.85: 
	0.86: 
	0.87: 
	0.88: 
	0.89: 
	0.90: 
	0.91: 
	0.92: 
	0.93: 
	0.94: 
	0.95: 
	0.96: 
	0.97: 
	0.98: 
	0.99: 
	0.100: 
	0.101: 
	0.102: 
	0.103: 
	0.104: 
	0.105: 
	0.106: 
	0.107: 
	0.108: 
	0.109: 
	0.110: 
	0.111: 
	0.112: 
	0.113: 
	0.114: 
	0.115: 
	0.116: 
	0.117: 
	0.118: 
	0.119: 
	0.120: 
	0.121: 
	0.122: 
	0.123: 
	0.124: 
	0.125: 
	0.126: 
	0.127: 
	0.128: 
	0.129: 
	0.130: 
	0.131: 
	0.132: 
	0.133: 
	0.134: 
	0.135: 
	0.136: 
	0.137: 
	0.138: 
	0.139: 
	0.140: 
	0.141: 
	0.142: 
	0.143: 
	0.144: 
	0.145: 
	0.146: 
	0.147: 
	0.148: 
	0.149: 
	0.150: 
	0.151: 
	0.152: 
	0.153: 
	0.154: 
	0.155: 
	0.156: 
	0.157: 
	0.158: 
	0.159: 
	0.160: 
	0.161: 
	0.162: 
	0.163: 
	0.164: 
	0.165: 
	0.166: 
	0.167: 
	0.168: 
	0.169: 
	0.170: 
	0.171: 
	0.172: 
	0.173: 
	0.174: 
	0.175: 
	0.176: 
	0.177: 
	0.178: 
	0.179: 
	0.180: 
	0.181: 
	0.182: 
	0.183: 
	0.184: 
	0.185: 
	0.186: 
	0.187: 
	0.188: 
	0.189: 
	0.190: 
	0.191: 
	0.192: 
	0.193: 
	0.194: 
	0.195: 
	0.196: 
	0.197: 
	0.198: 
	0.199: 
	0.200: 
	0.201: 
	0.202: 
	0.203: 
	0.204: 
	0.205: 
	0.206: 
	0.207: 
	0.208: 
	0.209: 
	0.210: 
	0.211: 
	0.212: 
	0.213: 
	0.214: 
	0.215: 
	0.216: 
	0.217: 
	0.218: 
	0.219: 
	0.220: 
	0.221: 
	0.222: 
	0.223: 
	0.224: 
	0.225: 
	0.226: 
	0.227: 
	0.228: 
	0.229: 
	0.230: 
	0.231: 
	0.232: 
	0.233: 
	0.234: 
	0.235: 
	0.236: 
	0.237: 
	0.238: 
	0.239: 
	0.240: 
	0.241: 
	0.242: 
	0.243: 
	0.244: 
	0.245: 
	0.246: 
	0.247: 
	0.248: 
	0.249: 
	0.250: 
	0.251: 
	0.252: 
	0.253: 
	0.254: 
	0.255: 
	0.256: 
	0.257: 
	0.258: 
	0.259: 
	0.260: 
	0.261: 
	0.262: 
	0.263: 
	0.264: 
	0.265: 
	0.266: 
	0.267: 
	0.268: 
	0.269: 
	0.270: 
	0.271: 
	0.272: 
	0.273: 
	0.274: 
	0.275: 
	0.276: 
	0.277: 
	0.278: 
	0.279: 
	0.280: 
	0.281: 
	0.282: 
	0.283: 
	0.284: 
	0.285: 
	0.286: 
	0.287: 
	0.288: 
	0.289: 
	0.290: 
	0.291: 
	0.292: 
	0.293: 
	0.294: 
	0.295: 
	0.296: 
	0.297: 
	0.298: 
	0.299: 
	0.300: 
	0.301: 
	0.302: 
	0.303: 
	0.304: 
	0.305: 
	0.306: 
	0.307: 
	0.308: 
	0.309: 
	0.310: 
	0.311: 
	0.312: 
	0.313: 
	0.314: 
	0.315: 
	0.316: 
	0.317: 
	anm0: 


