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! Mu2e Is a search for u—e conversion on aluminum
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The Mu2e experiment
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Detector Solenoid

Transport Solenoid Cosmic ray veto not shown

Production Target / Solenoid
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The calorimeter Is composed of annular disks
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Beamline + detector layout
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Cosmic ray veto (four layers)

7 T TIR

Covers as much of the transport and detector solenoids
as possible
Nonetheless, timing properties of the calorimeter are

required to achieve required cosmic ray rejection
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PID: e/ u separation by TOF, E/p
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Muon Rejection

A rejection factor of 200
can be achieved with ~95% 180
conversion electron efficiency 8o : : ® 09 092 094 0% 0 i

Electron efiiciency
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What happens in a microbunch ?

[ POT pulse
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Tracker and calorimeter are designed to avoid

DIOs and beam flash events
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Tracker and calorimeter are designed to avoid
DIOs and beam flash events

Log Scale
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Tracker : straws = panels = planes
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/////// Smm metlized Mylar "straw"
4,1lmm ID, 4.9mm OD brass tube

4mm ID Mylar sleeve
////_ ///—Injection molded plastic

1.0mm OD, 0.5mm ID brass pin

RS

Custom ASIC for time division:
(= 5 mm at straw center
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= Stations = Tracker
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Straws: laser cutting and termination
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Panel assembly and straw tensmnmg
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Preamp and digitizer prototypes
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Prototype test with cosmics

& B-Straw Protolypa
4 — B-Straw Prototype Fit
— G4 + Straw Simulation

Arbitrary Unit

— (34 + Straw Simulation Fit
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David Hitlin The Tracking & Calorimeter Systems of Mu2e INSTR17 February 28, 2016 18



Signal sensitivity for a three year run
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Calorimeter design

= The central hole region in the tracker and
calorimeter allows us to be largely
insensitive to DIO and beam flash
backgrounds

= The calorimeter has two identical annuli,

spaced apart by 700 mm (¥ A of the helical
trajectory of the conversion electron)

Finner = 374 MM
Fouter = 060 MM
depth = 10 X, (200 mm)

= Each annulus contains
674 square Csl crystals
with dimensions
34 x 34 x 200 mm?3

= Each crystal is read out
by two large area
(14x20 mm?) six element
UV-extended SiPMs

The analog front end
electronics is directly
mounted on the SiPM

1 The digital electronics an '//////////
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Three views
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The front faces of the disk include
thin Al tubing through which

we flow irradiated fluorinert to
provide a 6.13 MeV calibration vy
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There is no internal crystal support
structure: Tyvek-wrapped crystals are
chosen by dimension, leveled and
shimmed to minimize placement error
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Calorimeter cluster-seeded track finding

ce + spurious hits: no selection
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Calorimeter energy resolution

RN

6=4.3 +0.2 MeV FWHM/2.35 = 4.7 = 0.2 MeV
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Calorimeter spatial, time resolution

Spatial resolution

Time resolution

GEANT4
simulation
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Frascati test beam results: Csl array + SIPM

Single crystal @ 0 deg
All crystals above 10 MeV @ 0 deg
Cosmics

MNeighboring crystals @ 50 deg

Single erystal @ 50 deg
Most energetic crystal @ 50 deg
All erystals above 10 MeV @ 50 deg

_________ %

236214
0.6658

3633 £0.7244
1.676 £0.1423

Energy Resolution [%%]

<Energy> [GeV] e
Deposited Energy by MC [MeV]
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The radiation environment
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Measured Csl crystal properties
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Radiation-induced noise (PMT+SIPM)
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Extended response SiPMs match Csl spectrum
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Series coupling improves decay time
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35 SIPM samples from each of 3 suppliers tested
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hvop : hid
Entries 210 Entries 210
Mean 54.85 Mean 1.225
RMS 0.1166 RMS 0.3834

Underflow 0 Underflow 0
Overflow 0 Overflow 0

Integral 210 Integral 210
Skewness 0.2 Skewness  5.31

22 544 546 548 55 552 554 I — 55 3 35
Vop [V] lyar [UA]

Operating voltage - Hamamatsu Dark current - SensL
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hgain
Enlries 210
Mean 1.067
RAMS 0.1158
Underflow 1
Cwerllow 0
Integral 209
Skewness -0.4877

2 1.4 1.6 1.8 2 2.2
Gain x 10°

Gain - Advancid
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SIPM preproduction artlcles
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Calibration and monitoring
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Prototyplng/testlng
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Conclusions
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» Astraw tube tracker and a Csl-crystal-based calorimeter with SiPM readout
form the heart of the Mu2e experiment, meeting the demanding physics
requirements

» Operating in vacuum, they together provide conversion electron measurement,
electron identification and background rejection in a high rate, high background
environment adequate to give Mu2e a single event sensitivity of ~2.5 x 1017

in a three year run

» Both systems areat the end of their prototyping phase and are about to enter

production on schedule
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