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Overview

=> Energy and time calibration studies with cosmic rays data taken in
May 2025:

-> Procedure to extract the MPV of the energy deposition distribution for
every crystal of the calorimeter

=> TO0-alignment procedure test
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May 2025 cosmics

-> Data on both disks, acquired half
disk at a time

7

~15 hours of data taking

V

~400k events for each half, enough
to have more than 500 selected
events for each channel

-> Two HV configurations:

1. Vop

2. Vrescaled
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Event selection

A2 27

Sabrina Salamino

Nhits > 4
Vmax > 250 ADC counts
Straight tracks (3 types):

3.

Vertical: AX <34 mm
Diagonal: CRs hitting 1
crystal per layer
General: X?/NDF < 2.5

Path length correction for

diagonal and general tracks
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Langauss fits erYID = 678 SIPM
hCharge 1357
g 90— Entries 1663
C Mean 627.3
80 = Std Dev 253
= %2/ ndf 67/80
= Width 39.72
70— MPV 490.4
-> For each channel, the charge - Norm 3.033e+04
60— Sigma 96.93
distribution is fitted to a Langauss 50
in order to extract the MPV a0 Example of Langauss fit
305—
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Langauss fits
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3 3 3 fits for an entire board
3 1 (Board 12)
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MPV distribution @ Vop

hCharge_1186
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MPV distribution @ Vop
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Rescaled HV

=> |In order to be able to match the MPYV distribution

" hMPV

6MIP dynamic range, data with E Entries 1344

. g 140 Mean 381.9

rescaled HV were acquired 5 Std Dev 21.78

% X2 / ndf 39.09/ 42

3.8% spread Prob 0.5996

-  The HV were rescaled using the MPV  1q H anetant Lty
: : ~ 60% reduction ; Y L0 D

values extracted with Langauss fits > Sigma 14.49 + 0.29

80 wrt Vop

from March 2025 data at Vop

60

S
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=> Data for half of each disk (Phi = 1)
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Rescaled HV
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Energy calibration results

MPV distribution
& hMPV
; H ° o Entries 673
=> To test the energy calibration I ) i Bk
g Disk 1 Phi 1 Std Dev 0.2816
procedure, the data sample for S L x2/ndf  27.17/35
. . .y s — Constant 51.23
Disk 1 Phi 1 at Vop was split in half L Mo 19.86
L. Sigma 0.2492
-> One half used to extract the MPV a0l
for each channel 30:_ 1% spread
=> The other half was rescaled in MeV : ,
_ » 0.25 MeV sigma
using the extracted MPVs 20—
Distribution of events after selection 10 :—
35? :2 q:llll ll—Lln l nnllllll I o -
wof Nev/channel - 8 18.5 19 19.5 20 20.5 21 2I1V'|5PV [MeV2]2
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Time calibration

-> Test of the TO-alignment procedure for both disks using May data
-> Fit Template is the old one used for Module-0

-> Procedure organized in two steps. First step with laser not performed:
->  Starting time offsets up to 12 ns for Disk-0 and up to 150 ns for Disk-1

=> DT jumps from board to board vary for different runs

hDTvsIDAQ hDTvsIDAQ
hDTvsIDAQ hDTvsIDAQ
2000 Enties 2591756 | 200F Enties 2926684
~  Disk-0 runs: 107529 (Phi-0), 107550 (Phi-1) Mean x 1498 — Disk-0 runs: 107529 (Phi-0), 107550 (Phi-1) ‘ Mean x 1533
150 Disk-1 runs: 107449 (Phi-0), 107466 (Phi-1) Mean y -2675 | 150 Djsk-1: runs 107450 (Phi-0), 107467 (Phi-1) " B | Meany 0.07474
i Std Dev x 973.1 = Std Dev x 908.2
100 Std Devy 19.14 100— Std Devy 28.25
50— 50—
0 Bt o sy oo B e Nl R P e e e oy o S ot ol B ¥ B B i WOR i, el oy o
50— 50—
100 100 —
-150— ™ -150— K
BhiE O 2 R et - S R I I A O N ST S P O el A —200 S S N S
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Time calibration

-> For each event and for each crystal, the time

: : o ID=0 Run# = 107529
difference between SiPM left and right is evaluated e e e
.y . . = Entries 1088
-> The distribution of DT for each channel is then 80F- Mean 2417
. . . . = 2/ ndf 34
fitted to a Gaussian distribution = Consiant68.36
: - %" Sama 05
-> The same is done for the mean time, evaluated as: c '
505_ Example of DT
T, +Tg . o distribution
Tmea = T — /N — Tmean 305_
-> Tomean is the average time for each event in order 2°§_
10—
that all channels are corrected from the Tmarker. 1B e e s e o oy s 1o g
-2 -10 -8 -6 -4 2 0 2 4 6 8
- T__ areused as TO correction in the second step TL-TR (ns)

of the time calibration procedure, and times are
corrected for the DT
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Time calibration

-> The second step is an iterative procedure consisting of

the following sequence:

1.

Sabrina Salamino

The angle between the CR track and the X
coordinate is evaluated with a 2D linear fit;

For each event, a common energy-weighted of
the event is determined;

For each event and each hit, the time residuals
are evaluated as:

Tres = T + Yeer /(¢ - cos0) — TV

For each channel, the distribution of residuals is
fitted to a Gaussian distribution to extract TCo
The obtained TCor is subtracted from the

r

measured time in the following iteration.
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iDAQ = 2726 - Tres distribution

lteration step 0
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Time calibration

To0 T T2
g T2
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Time calibration

TO

5 B = &
T T[T [ T[T [T T

o

o

TO0
Entries 1319
Mean 0.09775
Std Dev 0.6597
%%/ ndt 218.5/186
Constant 7.171 0.40
Mean 0.0902:+ 0.0283
Sigma 06822+ 0.0374

s =) EX o o5 s
T-Teor ns)
T3

Entries

a0 Mean 0.01708
Sud Dev 0.3358
2/ ndf 219.7/ 142
Constant 3323+1.52

30 Mean -0.006619 + 0.005552

I LR LR L L LR LR L e

Sigma

0.1692:+ 0.0055

15

10

B

9 S

T-Teor (ns)
T6
T6

= Entries. 1242
E Mean -0.003479
F Std Dev 0.3095
£ #  ndl 178128

a0l Constant 42,55+ 1.83
E Mean  -0.013714 0.00439
r Sigma 0.1364 £ 0.0039

30|

20—

1o~
E Ll

A5 -1 -05 ] 05

Sabrina Salamino

Mu2e CM - Calorimeter Workshop |

1 15
T-Teor (ns)

Run# = 107449, 107466

T.2

T2
Entrles 1262
Mean 0.03502
Std Dev 0.3343
#* / ndf 178.2/132
Constant 27141125
Mean 0.004063 + 0.007000
Sigma 0.2129 + 0.0071

1 : |5

T-Teor {ns)

T5
Enlries 1242
Mean 0.005699
Std Dev 0.2921
7 [ ndl 199.1 /121
Constant 47.05+ 2.09
Mean —0.02005 + 0.00407

Sigma

0.1226+ 0.0037

1 15
T-Teor (ns)

T3
T
30 Enlries 1263
E Mean 0.00128
= Std Dev 0.4346
== o {ndt 2126/ 162
£ Constant 17.184 0.95
£ Mean  -001729+ 0.01073
20— Sigma 0316+ 0.014
15
10~
s
i B! L hoon,
s =) EX o o5 1
T-Teor {ns)
T4
B Enlries 1250
F Mean 0.01141
B Std Dev 0.3004
£ 7 ndt 191/119
40— Constant 37.7741.70
F Mean  -0.01448+ 0.00507
E Sigma 0.1543+ 0.0050
30
20
10—
C 0ol il Looetlh s oty
85 = 05 © 05 1 1.
T-Teor {ns)
T7
T7
E Entries 1239
sol— Mean ~0.003767
E Std Dev 03156
2 7/ ndf 166.7/ 122
so— Constant 47.61£2.13
E Mean  -0.005575 0.004133
ol Sigma 01224+ 0.0038
sof-
=f
10~
Bt e ot e om0 | it e 8, Ll
s =} 05 o 1 15
T-Teor {ns)

09/06/2025

T8
Enlries 1239
Mean 0.002242
Std Dev 0.3049
¥ £ ndt 24587129
Constant 574429
Mean  -0.01342+ 0.00322

Sigma

0.08491+ 0.00371

1 15
T-Teor {ns)

Disk 1

The final spread
obtained with the TO
alignment procedure on
Disk-1 is worse than on
Disk-0 due to the much
larger initial spread on
the boards. It improves
from 682 ps to 95 ps.
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Conclusions

MIP energy calibration successfully tested on both disk-0 and disk-1.

The channel-by-channel spread is better than 10% in the Vop configuration and gets reduced to
a 3.8% spread setting a better working point a 380 ADC counts.

The average response of Disk-0 is 10% larger than Disk-1 as expected.
Reproducibility between calibration in different runs is better than 0.25 sigma.

A first successful test of the TO alignment procedure done for Disk-0 and Disk-1.
Disk-0 calibration provided a final spread for the residuals below 60 ps.

Disk1 calibration provided a large spread (98 ps) due to the worst starting conditions.

A 20 2B 2 2 2

Improvement expected looking at the data with the new Firmware releases.
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Backup slides




Path length correction

-> Thetrackis definedby:y=m - x+¢

-> The intersection with the edges of the crystal in the X-Y plane are evaluated:

oot g -4 yp—mo(e-17) 44 Yhagm=m-(2+17)+q
m m

-  Tracks crossing top-bottom: path =34-4/1+ %
Tracks crossing left-right:  path =34 v/1  m?

7

=> Ingeneral: path = \/(z; —21)? + (2 — %1)?
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Tres vs iDAQ

Disk 0:
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First step |
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