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● Required to measure 0.1% 
resolution on emittance with 
single particle measurements

● 350 micron fibres bundled 
into 7 fibre channels

● Position resolution of 470 
microns

● 3 fibre planes per station, 5 
stations per tracker

● Readout by VLPC operated 
at 9K with 80% QE

● 10PE / hit



● 4T solenoid field and 
multiple planes with 
0.5mm resolution 
allow measurement of 
P

T
 and P

Z

Tracker 1 Tracker 2



History

● 2008 – Tracker 1 completed and underwent cosmic 
testing

● 2009 – Tracker 2 completed and cosmic tests
● 2011 – NIM paper
● 2011/12 – Dual testing of trackers in realistic DAQ 

setup
● 2012 – Testing of single tracker module in MICE 

beam



May 2012 – Single station test

● Installation of single tracker station into MICE 
beamline

● Integration with full MICE DAQ
● Readout cycle aligned with ISIS spill
● Verification of timing-based efficiency
● Correlation of reconstruction with existing detectors
● Testing of online/offline software
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May 2012 Single Station Test

Effective complete 
test of trackers 
in MICE
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Type II Modules: When viewed from side 
(right image) light cone indent is much smaller 
(from 15mm to 26mm).  Also the cone from 
above looks squashed or 'pointy'.

 

LED system 
installed for in-
situ calibration of 
bias, timing, 
discriminators

Programmable 
pulse height, 
delay, amplitude 
with custom 
electronics
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Autumn/winter 2013 
– tracker QA

● Light-tight enclosure 
constructed at RAL

● Internal waveguides 
checked for cracks/dead 
fibres

● Some visible light leaks, 
but < 1%

● LEDs installed
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Hall Probe Positions
Existing hall probe 
positions

New positions
12 o' 
clock

12 o' 
clock

4.30 
o' 
clock

Station 5

Station 1
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Challenges in 
routing waveguides 
from tracker to 
VLPC readout 
through partial 
return yoke 
addressed
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Controls, Monitoring, DAQ

● D0 system adapted to MICE – Analogue Front End IIt and 
VLSB data buffering

● VLSB custom but simple use, AFE more complicated 

● Entire working system proven in single station test

● Ongoing modifications to keep up with sibling systems in 
MICE – C&M and DAQ

● Majority of controls work is single initialization of system – 
hardware is then independent

● Temperature of VLPC will be monitored and alarmed 
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FPGA
Programmer

PIC
Programmer

1553
Programmer

VME
Programmer

Wrap as PIC
Commands

Wrap as 1553
Commands

Wrap as VME
Commands

VME 
Controller

Turn On

Import Firmware

Set Bias

Turn On

Import Firmware

Set Bias

Programmer

● Controls and 
monitoring well 
defined

● Modifications for 
adaptability, ease of 
use and integration 
into other MICE 
systems (archiving, 
alarms, run control)

Sub-functions 
broken into blocks 
and wrapped 
together into bus 
commands
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Calibrations

 Temperature – already well defined

 Bias – Essential, but well defined and stable – 40 data points

 Discriminators – Required for zero-suppression (at readout end). Possibly 
environment dependant. Source of analogue noise – 2562 data points 
maximum, in reality ~100

 TDCs – Required to get time information. Simple calibration. Also 
environment dependant and source of noise – 10 data points

 Time walk – compensate for ADC-TDC correlation – 50 data points

 Diagnostics – Take standard data and compare to accepted distributions – 
weekly, if fail, re-calibrate
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Calibrator

BiasCalibrator Light Yield
Calibrator

GainCalibrator Discriminator
Calibrator

TimingCalibrat
or

Time Walk
Calibrator Calibration

Manager

Add calibrators

Calibrate(algorithm)

https://github.com/DavidAdey/mice-tracker-calibration

Data set
number Local DB

Runs on highly compressed 
output of “mini-DAQ”

● Automated calibrations running on 
fast-DAQ

● Algorithms all well defined and 
majority tested on LED/cosmic/beam 
data
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Timing

Bias

Timewalk

(100KHz)
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Software

● Working with MAUS structure
● Real-data unpacking, calibration, space-point 

reconstruction
● Pattern recognition with and without field
● Kalman filter for fine smoothing of tracks within 

well modeled field
● MC with realistic beam structure and detector noise
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Momentum reconstruction

Full Kalman filter – PT 
resolution 1% of beam RMS
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Tracker 2 installed into SS2

● Tracker installed into SS2 with sub-systems
● Internal waveguides attached and routed to 

connector panel to external waveguides
● SS2 moved into MICE hall
● Final external connections and installation of 

readout systems waits on PRY completion
● Cryo systems will be checked for vacuum integrity 

beforehand
● Readout electronics verification also planned 
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