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The Mu2e experiment at Fermilab The Mu2e Electromagnetic Calorimeter

Mu2e will search for CLFV conversion of a negative
muon into an electron: Two annular disks 674 Csl crystals per disk
37/66 cm inner/outer radius, | 3.4 X 3.4 X 20 cm3, emission
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» High statistics: most intense muon beam in the world mounted on each disks . Y

» High background rejection Three calibration sources .+ %49 FEE mounted on SiPM pins
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~lectrons are detected by a high precision tracker and > Nt Fully assembled at Fermilab’s Silicon Detector (SiDet) facility
a crystal calorimeter v

Commissioning of the disks at SiDet completed in June 2025

* The calorimeter provides particle identification to Transport and integration of detector services in the Mu2e
enhance background suppression: e AR . i experimental hall completed in April 2026

Commissioning in the hall with the calorimeter fully
operational using cosmic rays and laser events ongoing

Calorimeter _ i
requirements Energy resolution o(E)/E < 10%

@100 MeV | Time resolution o(T) < 500 ps
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Calibration procedure validated with cosmic ray runs of few hours:

« MIP events selected applying 2D linear fit to calo-hits and o i
classified based on the track topology =g ol o b - - S
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Energy calibration Time calibration
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Average MIP energy deposition ¢
inside a crystal is 20 MeV: used for
the ADC-to-energy conversion 109
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 MIP charge distribution fitted to a =«
convolution of Landau and
Gaussian to extract the MPV
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FCharge 771 Relativistic nature of MIPs allows time response alignment without the
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Width 38.04 £2.29
MPV 4578+ 3.4
Norm 4.4E4 0.09E4

Sigma 86,55+ 4.44 « Channel-by-channel time offsets evaluated with T Ty Yeel
res —— 40

an iterative algorithm exploiting time residuals ¢ - cos(0)

Example of Langaus fit

First iteration TO T3
F Mean  0.01598 50F Mean 0.006886

Std Dev  0.2723 N Std Dev 0.1475
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Pre-calibration channel MPV distribution MPV spread after calibration reduced to ~1% app” ed as correction - of
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Constant 51.23 + 2.64 - Std Dev  0.09088 = Last iteration Std Dev  0.03625
Mean 19.86 = 0.01 - -

Sigma 0.2492 + 0.0084

hMPV
Entries 1348
Mean 509.2
Std Dev 51.39
%2/ ndf 32.55/29
Prob 0.2964
Constant 137.3+ 49
Mean 5087 £ 1.4
Sigma 4779+ 1.10
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Time residuals well
Energy scale calibration: centered near zero
E = Q/MPV x 20 MeV with RMS ~ 36 ps
after 25 iterations

bl bl | IR A | TR AN SR I | ool ol g

Ll l Ll - -
100 200 300 400 500 600 700 800 900 1000 . . . 21 215 22 - I'n'rl—l_rl-rl I N N | |
MPV [ADC] MPV [MeV] -0.5 04 -03 -0.2 -0A1 0.3 04 05
Teor [ns] Tecor [ns]

DG

Performance evaluation Performance evaluation

MIP calibration applied to cosmic ray events to characterize the energy Calibrated T, offsets applied to cosmic ray events to characterize the time
resolution of the calorimeter resolution of the calorimeter

Data

p,=26ps - |GeV

P, = (9.7 £0.3) ps - GeV
P, = (0.0 +34.2) ps
¥%/NDF = 17.1/13

Data

Energy-weighted average of the
crystal times computed after
subtracting the time of flight

L
Truncated-mean method used to ¥
suppress Landau fluctuations and
recover a Gaussian response

e Data
v Monte Carlo

e Data
v Monte Carlo P, = (2.05 +£0.02) % - \GeV

p,=(0.0 +0.1) % - GeV
p,=(27 £0.1) %
+2/NDF = 16.9/12
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Fitted to standard Po P1

. . T\ =
time reSOllun.On O( ) \/E[GGV] D E[GGV] D P2
parametrization
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[ Po n P Time performance

E FE?

energy resolution
parametrization

+ p3

Fitted to standard \/ 5 5

Energy performance

130 ps resolution @ 100 MeV
Data consistent with MC simulation

g(E)/E ~ 6% @ 100 MeV
Good data-MC agreement
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