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Abstract

The MuZ2e experiment Detector system and Calorimeter design
Tracker

- Mu2e will search for neutrinoless coherent y Al — e Al at a 1 10' % = Hinks and Pontecorvo
@) = v .
sensitivity level around 2.4 x 107, improving by 10* the R0+ | ocamigue and Peyrou T * Low mass straw drift tubes
existing limit. SM: BR (U > ey) ~Am 2/ M, 2 < 104 oL '31 [£_uN = eN] transverse to secondary beam
] . = 107 |
- Search for muon conversion explores new physics sector and E F b S 15 um thickness, 5 mm diameter
probes physics scales up to ~ 10* TeV 10l TRIUMF | & s vy . length 430 - 1120 mm
. . 10M - MEG Upgrade
- MuZ2e w.|II detect and count the. electrons coming from the °E SINDRUM "[104 oo « Dual-ended readout,
conversion decay of a muon with respect to standard muon . | « ~ 20000 tubes arranged in
capture: R, . = P(p”+(A,Z) — e +(A,2)) 10 .
He ™ T'(u=+(A,Z) = vu+(4,Z2-1) Year planeson 18 stations |
o _ Zo16| 756 x 10" stopped 1 Signal Window _ _ * 115 keV/c momentum resolution Transverse view of
gi(:];\lls rs;?gc‘:'fgatﬁ; a mono-energetic £ . =10 <10 M‘ ‘ Calorimeter requirements a tracker station
e o 3 spectrum close to the muon rest mass, & | conversion=5.06 +0.03 *N + Wm * Particle lIdentification to d|st|QgU|sh e/mu mwm ov
grig B :/7_/7 o1 [b0=020 <001 Ww L * Seed for track pattern recognition ey
2 x - / - //// g . . . . 0.08 . . . . 107 mu::-’::zgso ::?n 541.92'11612;
“w@' 2 @ To discriminate from standard decay in J meo.apacosmic <01 HJ *é#h.“ ) ; * Tracking independent trigger im0 S e
ef N N S orbit signal we need a high resolution - Wﬁn; ! * Work in 1 T field and 10 Torr vacuum = asviem
£ b - spectrometer 002 T Y *++ « Radiation hard up to 100 krad, 10 12n/cm?2/year :
[ + AN, D)5 > AN, Z)+e +7, +y, oot . . =
_ H 100 101 102 103 104 05 g Calorimeter choice
Apparatus High granularity crystal based calorimeter with:

Detector Solenoid (DS)

- Capture py on Al target

- Houses the detector system in 1 T B field
- Surrounded by a Cosmic Rays Veto system

« o/E of O(5%) and time resolution < 500 ps
* Position resolution of O(1 cm)
* Almost full acceptance for conversion signal @ 100 MeV

Production Solenoid (PS)
- 8 GeV Proton beam on Tungsten target
- Graded magnetic field for collecting u/m

y N\ . Disks geometry
5'4-6 //__:; — —— I\ || * 2disks: each disk containing 674 un-doped Csl crystals
R o ey | e Lyave 2s g of 20 x 3.4 x 3.4 cm3dimension
| X N & « Disk separation ~ 75 cm
* Inner/outer radii: 37.4/66 cm

* Readout system:

2 custom arrays of 2x3 6x6 mm? SiPMs/crystal

1 FEE/SiPM-array

12 bit, 200 Msps waveform digitizer boards (WD)
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Transport Solenoid (TS)
- Selects low momentum, negative muons
- Antiproton absorber in the mid-section

Tracker
Stopping Al target Calorimeter

Undoped Csl Crystals Silicon Photomultipliers, SiPMs

MuZ2e crystals requirements 60 preproduction crystals from 3 different vendors: || Solid state photodetectors, such as SiPMs, able to work E e T -1 &
e High light output (LY) > 100 pe/MeV Siccas, St. Gobain, Amcrys inside the 1 T axial magnetic field g e T g
* Longitudinal response uniformity < 5 % | Uniformity Requirements: s S
e Fast signal with small slow component: * High quantum efficiency @ 315 nm E §
T<40ns, F/T>75% * High gain, fast signal, low noise CHCRE U 0 - . A
. L . < 20% for- . . o Y
Rac.llatl.on hard with LY loss < 40% for- - [|S | - BERIALL, ) Lqrge active areg tp maxmmze pe/MeV collected; 2 Sipm/crystal .. increase due to neutron and dose
lonization dose: 100 krad » Withstand a radiation environment of 3x10* n/cm? @ 1 MeV,, and  induced damage is still acceptable, but
. 12 2 - ' o[l SICCAS — ' i i ~0 o
Neutrons: 10 n/cm 3 B cenergy 2_5:g;;g;v§0bam Fast/Total 20 krad of dose Custom design: 2x3 array of individual 6x6 ' Cau'MeS cooling down the SIPMto ~ 0 <C
Small radiation induced readout noise: < 0.6 MeV : [Cosmic ray test of Csl+2x3 SiPMarray. mm? monolithic UV extended SiPM's (thin  ponoquction SiPM from 3 different
Undoped Csl is the Mu2e choice Csl + UV PMT | S N EIY ;= lm, silicone resin). We will read out the sum 415, Hamamtsu, Sensl, Advansid
" i T S .=  Of the two series. Each series could be being tested: V., |, ., Gain, PDE@Vop
] e . waveform | mILLAL | ? . El- o | powered with an independent bias voltage if _ opr darke ’
o sEoe N T . i ; | necessary. L T S e
£os i% o Entries 333327 - 10r 3 ] s —— E o Senst
%‘0.4 % ; t 114.7 g %M “““ Y ; i | — 200 . AdvanSiD
5 o2 £ i 1067 3 R o B A e o (L] s sE A Pulse
e e . A 0s022 1 Mechanical stress test 2 Final resolution for 1 MIP (~20 MeV) > ~ 170 ps ‘j ) L A Shape
Wavelen nm F Ts 5.043e+06 oo
o £ oo e | 45 Kg dead load : ' @ 511 MeV
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Calorimeter prototype performances Calorimeter Module-0 Full scale mechanics Mock-UP

v A
roope: Al shell crystals Elec. crates [.Zzi:i /
* A 3x3array of undoped Csl crystals 3 x 3 x 20 cm? coupled —=

to Hamamatsu SiPMs
« Beam orthogonal or at 50° to the prototype face
« Beam energy: 80 - 120 MeV (in 10 MeV steps)

Al support structure

FEE+Sipm
boxes

<

Energy and time measurements

* Energy reconstructed by numerical integration of the waveform

* Time reconstructed by fitting the waveform leading edge, and setting the
time at a fixed fraction of the max pulse-height

Carbon fiber
components

Cooling FEE plates

. Energy resolution Time resolution
Data-MC comparison @ 100 MeV gy
— 9 T - —_ - Orthogonal single crystal -
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7.5 % dominated by leakage

Conclusions
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