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MPGD-HCal at Future colliders

Current tendency for R&D on calorimeters:
High Granularity for Particle Flow

o 5D calorimeter --> (x,y,z, t) + Energy reconstruction

Current technology: Silicon, Scintillators, RPCs as
active layers

GOAL for future colliders:
Jet energy resolution for Z/H
separation:
ot [E<3%- 4%
> 60%/sqrt(E) for HCal

Ejer = Evpack +E. +E,

Development of Resistive MPGD Calorimeter with timing
measurement (2021-2023)

RDA1 Institutes: 1. INFN sez. Bari, contact person: pietverwilligen@ ba.infn.it
2. INFN sez. Roma IlI, contact person: mauro.iodice@roma3.infn.it
3. INFN LNF Frascati, contact person: giovanni.bencivenni@ Inf.infi.it
4. INFN sez. Napoli, contact person: massimo dellapictra@na.infi.it
+  Weizmann Institute of Science

De5|gn of MPGD-based HCAL cell
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Proposal: adopting state-of-the-art resistive MPGDs as active
layers of sampling calorimeter - investigated within the context
of the Muon Collider experiment

Project initiated in 2021 within the RD51 collaboration and
currently framed within the DRD6/DRD1 collaborations and

supported by PNRR Calorhino

- MM-resistivn
« Fast Diming MPCO
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https://doi.org/10.1016/j.nima.2009.09.009

MPGD-based HCAL for Muon Collider

Why resistive MPGDs for calorimeters? 3 MPGD technologies studied in this project
* Cost-effective for large area instrumentation RuMegas — MESH (ouk technique)
» Radiation hardness (up to few C/cm?) P - i S
* High rate-capability O(MHz/cm?) T i L
* Readout granularity at-will (~cm? or less) on the vias)
H . .« . DLC2

* Space resolution O(100pm) - Low pad multiplicity Internal layer PR S——
° i i from top and internal DLC layers

Respon-se unlforr-n_lty | u-RWELL
* Operational stability (low discharge rate)
e Time resolution with MIPs of few ns Top Copper (5 um) e

Polyimide 79 um

* Large community developing these detectors

Pitch 140 pm
DLC layer (<0.1 pm)
p~10+100 MQ/C]

concept already proposed by CALICE and SCREAM -

Pre-preg
collaboration investigated the sampling calorimeter .,CB,.mmd/ | | . RPWELL
with RPCs and uMegas and inherited by ALEPH | N iy
A + O -
Drift gap +..._+—+.’_
Challanges for MPGD usage in calorimetry and goals of the R&D WELL cloctrode 8 BE T Y

- develop prototype of 50x50 cm?-100x100 cmZactive area to minimize dead "™ . RN
areas |

- guarantee uniform response

- precisely evaluate the time resolution DRDE6 Collaboration Meeting 3



HCal standalone simulation

Standalone Geant4 simulation technology-independent g
* Geometry of single layer: ,l, n S osf
o 2 cm of iron for absorbers A~ 26 cm ot o -
o 5 mm gas (Ar/CO,) EE 20 Gev |
¢ Readout granularity 1x1 cm?2 Readout 5 mm NI tere
Result: longitudinal containment in 10 A, transversal in 3 A o_j I e
’ ? ) ° ® Depth n]
Y LT [T ! ! 3
Energy resolution simulated in two scenarios: L'J 0.26 —* =
° Dlgltal calorimeter: shower energy proportional to total number of o 0_24;_; ......... ...................... ...................... ..................... ................... SDHCAL _;
hits 0.22;—---'”1;-- —;
* Semi-digital calorimeter: hits are weighted based on three thresholds 0.2~ E
(using CALICE thresholds) E, = a N; + BN, + y N3 0.18] E
Result: 0.16 - e
* resolution at 8% for E, ~ 80 GeV with semi-digital readout 0141 -
* resolution saturates at 14% for E, ~ 30 GeV for digital readout 0.12F-
G S DHCAL SDHCAL 0.1:— """"""" Il """"""""""" I """"""""""" l """"""""""" I """"""""""" l """"""""" N P ? ]
rec S L T O A T S
= C S1|044£001 0.58+0.01 10 20 30 20 50 60 70 80
Eue VEr C|0.14£002 0.07+0.02 =
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Characterlzatlon in test beams at SPS

MPGD technologies:
e 7 MRWELL

* 4 resistiv RuMegas | ;,,;
« 1 RPWELL i sasaca-
* Detector layout: 20x20 cm? . R
*~6 mm drift gap g sEE T o e &
« Common readout board: 1xlcm2pad =2 '

GOAL: Test of readout layers in terms of response to MIPs

* Pad chambers under test (RuMegas, uy-RWELL, RPWELL)

* Ar/CO,/CF,: uuRWELL - Ar/CO,/iC4H,,: RuMegas / RPWELL
* Particles O(100GeV) p beam

2 different hybrids tested with SRS back-end:

« APV25
* VMM hybrids tested in 1 y-RWELL in a different test beam
(thanks to DRD1 collaboration) DRD6 Collaboration Meeting

No absorbers

.
%
3

slow control, DA
trigger, event
builder

ADC, clock
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https://iopscience.iop.org/article/10.1088/1748-0221/14/05/P05014/pdf
https://iopscience.iop.org/article/10.1088/1742-6596/1498/1/012028/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/8/03/C03015
https://www.sciencedirect.com/science/article/pii/S0168900201005897
https://iopscience.iop.org/article/10.1088/1748-0221/17/12/C12014
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Performance to MIPs

Reconstruction: E0.14
o Observed high probability of cross-talk between pads 0.12
Due to routing of readout lines from pads to front-end 0.1
o Patched offline by clustering pads based on charge sharing fraction 0.08
o Tracks built with 2 tracking uMegas (256 um pitch) 0.06
in agreement with

0.04
expected resolution
| J

20x20 cm® MicroMegas-RM3

1x1 cm” pads

Varp: 450V in ACOL/iG H, , 93/7/2
O, (2.84 + 0.01) mm

Residual distribution

Plateau efficiency: about 95% for puMegas, 75% for pn-RWELL, 90% for RPWELL 0.02 with digital readout
Response uniformity: 10% RuMegas, 16% u-RWELL, 22% RPWELL I I R R R - R

0
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o
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»
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Bt - MTWEN-BAZ2 MM.B 8.0 4 0.5)%
: : : : - |= p-rwell-RM3 -ba (8. .5)%
e | = perwelFr2 || RPWELL | (22.6 £4.7)%
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2022

PEP-Groove:

DLC grounding through conductive
groove to ground line

Pad R/O = 9x9mm?

Grounding:

- Groove pitch = 9mm

- width = 1.1mm

-> 84% geometric acceptance

Dead area 11 mm

Investigation on inefficiency of uURWELL

lo grooss g §23 mey ‘

Inefficiency of u-RWELL due to PEP-Groove introducing dead areas

* Locally very high efficiency

* PEP linesintroduce a region of ¥ 1 mm with ~50% efficiency
drop

* Atincreasing drift field, efficiency drop region gets thinner and
smaller

Excluding PEP areas, the efficiency is up to 95%

— Optimization of drift field to be repeated

Y propagated {mm}

New prototypes will follow
DOT grounding scheme

0 Preliminary - THL 2.0 fC - ArCO2CF4

+ 0.5 kV/cm +— 2.5kV/cm ¢+ 4.5 kV/cm
+— 1.0 kV/cm +— 3.0 kV/cm +— 5.0 kV/cm
—+— 1.5 kV/cm —+— 3.5 kV/cm —+— 5.5 kV/cm
—4— 2.0 kV/cm 4+ 4.0 kV/cm ¢+ 6.0 kV/cm
Results from tests with - =
VM M }S(Sprapagi?ed {r'nr'r;i}5
* Rate (71 night data taking 1 R
with APV - two spills with £ T, - =
E i ]
VMM) 2 e =
* Lower thresholds § t -
0.6 —
reachable (downto 0.8 3 {1
0.2 4 [ _
fC) 0.4—_ & (1.20 = 0.07) mm ! ymm e _—
e Consistent results obtained =t - 0al N
Wlth VMM a nd APV o 4;0 440 460 480 500 520 540 560 E E
Top Voltage [V] |

0II\Il\I\\‘\\\\‘\I\Il\ll\l\\l\l\\\\3'5\\I\40I
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https://indico.cern.ch/event/1453371/contributions/6146450/attachments/2946867/5178839/The%20micro-RWELL%20for%20future%20HEP.pdf

Time resolution to MIPs

 Time for channel obtained

o from the fit of rising edge of signals for APV25

o time of the signal peak for VMM

* Time resolution for detectors measured using tracking system as reference
* Gaussian fit of At =ty — tyack = Omis = Odet ® Otrack
Time resolution for ui-RWELLs can reach a few ns in Ar/CO,/CF, with proper drift

field (3 —3.5 kV/cm)

Preliminary - ArCO,CF,: -THL 2 fC

50
Drift Field
v 1.2 KVMfem 3.3 KV/em
+— 1.7 kVfcm 3.8 kK\VM/cm
a0 - +— 2.1 KViom 4.2 kMfcm
+— 2.5 kVMicm 4.6 kVicm
2.9 KVicm 5.0 kVfcm
n
c 1
— e
S 30 - S
i 0 + B
5 | ~a..
3 ' !
@ t '
o . 5 .
@ 20 - % . e
E > O
= -""14__ - -
.-\-'I.\_ - . -
“:‘:“---,_h . H
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MPGD-HCAL prototype

MPGD-HCAL
Tt a3 283
S O S O
N N N N
L0 0 0 o
<L <C <L <C
- €
4dcm 2cm

HCAL prototype ~ 1 A, (8 active layers) tested under pion beam at PS
Data taking based on analog FE (APV25 + SRS)

Runs at different - energy (up to 11 GeV)

 Two TB campaigns: August 2023, July 2024

e Data analysis ongoing

* Developed G4 simulation for comparison with TB prototype

With absorbers

roto
i

!u V_ﬁm“h HCALP

W !
/-4 X'/, |
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Z;

type

1L
4

T

—

DRD6 Collaboration Meeting

T \
.
=)

i | —
2 J "l\h n;;:w\ 2 - '. 2

1




Pion shower studies 2023 data

Issues for 2023:
* problematic electronics for the first 2 MPGD layers
- taken into account for data/MC comparison
* many dead channels in electronics
* Detectors operated at high gain saturating electronics
—>no charge information

Preliminary results for digital readout (hit charge not used)
 MIP events identified as having at most 4 pads per layer
* Good data/MC comparison in number of hits per shower

MIP-like events Shower events
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Pion shower studies 2024 data

* Different event selection criteria are under investigation:
o Shower events selected requiring at least 4 hits in each active layer
o Cuton Q =std of cluster size x cluster charge (Q is expected to be high for

shower events)

* Plans to improve shower selection (not good Data/MC agreement)
- initial data-cleaning using tracking system for MIPs identification

— further rejection of non-contained showers

20

Linearity N, VS E,

80

a0l

E. [GeV]

Ongoing...

Normalized entries / 3 hits

ongoing

0060 Data + 6GeV
- <N > = (104.22+ 0.44) hits
[ P M hits" data
0.05H C + O oy = (27.88+ 0.32) hits
- <N 5, = (89.34 + 0.52) hits
0.04 } + 0, = (23.63+ 0.37) hits
0.03—
0.02[-
0.01—

(=)

Ongoing threshold (t;, t,, t;) optimization studies for semidigital approach

1000

[
to shower reconstruction
AL I I =
ti<Ew <t S
t,~0.8 MIP ]
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Plans for next months P Fa—

Hardware development: * Energy resolution measured in digital mode

* Development of a new cell prototype of ~ 2 A: C . e
- 8 old 20 x 20 cmzchambers + 4 new 50 x 50 cm: chambers (currently under Threshold.opo)tlmlz.atloon for s.eml-dlgltal mode
Study of timing within calorimeter system

production):

- 121 mm? pads, read out by 16 APV/VMM cards
- 2 RuMegas
- 2 MRWELLs with most recent grounding system
* Drift gap optimization studies for timing improvements
* Development of a mechanical structure holding the entire setup
e Test beam campaign with DRD6 foreseen in Fall 2025
*  Common test beam with Crilin (MuCol ECAL) next year
 Continuing integration with VMM and testing new chips (FATIC3, CALOROC?)

Readout Board

7
st 2030ems cglwzmnnnmznign
* 8 dets, 8x2cm steel L ===
|| L |

* 11 with 50x50cm? |
* 4 dets, 4x4cm steel LU

* Allows to insert /
y
extract steel absorbh; N

R AR ¥

‘L%. el =

LIS ‘g\ I

& N 7

% > (511 - | 0
Sielb:

h

L

&y =" Absorbers extracted
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Conclusions

Development of MPGD-HCAL ongoing in simulations and hardware
* Tested 12 MPGDs and small cell calorimeter within RD51 common project and PNRR Calorhino
* In 2024 we consolidated previous 2023 results with present prototypes in two test beams:
» SPS: efficiency and acceptance, response uniformity, field optimizations, time resolution
* PS: test of a fully equipped 8 MPGD layers prototype
Analysis focusing on timing and energy resolution now for calorimeter prototype
* First integration with VMM performed, with good results and compatible with APV25

Next to come

New 50 x 50 cm? chambers with improved readout board routing under production
- 2 Micromegas
- 2 MRWELLs with most recent grounding system

* Test beam campaign with DRD6 foreseen in Fall 2025

Long term plans

* Understanding suitable technology (Micromegas, uMRWELL, RPWELL)
R&D for eco-gas mixtures to replace the ones currently used
Electronics: new chips will be tested

Producing 50x100 cm? detectors

Producing detectors with integrated electronics and cooling

9 GeV

X [pad D]
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o
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&

—
o
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Towards a Muon Collider
arXiv:2303.08533

Physics case: HCal at Muon Collider

Muon collider: Multi-TeV p+u- collider in compact
circular machines, as possibility for future collider
~ after HL-LHC

el
S

—— BIB in ECAL barrel

— BIB in HCAL barrel

Occupancy [hits/mn?]

g
S

~ _ Challenges :

Deal with Beam Induced Background in HCAL:

- Mostly photons (96%) and neutrons (4%)

- Large asynchronous components

- Occupancy ~ 0.06 hit/cm? (x10 the one at HL-LHC)

10°*

N,

2400 2600 2800 3000
distance from the beam axis [mm]

u beam, Vs = 1.5 TeV
T l T ) T I T T 1 ' T T T I T T 1] E
Muon Collider i
Simulation =

_‘Y _e'

-t -n

.-|I |

| L L1
1800 2000

L |
1600

2200

L" @
=1 muill
= R

dN/dt
2,

Requirements:
e Radiation hard technology
- total ionizing dose: 10 kRad/year
Good time resolution (O(ns))
Good energy resolution
- ~10% / VE for ECAL 10*
- ~55%/VE for HCAL
Fine granularity (1 — 3 cm?)

Longitudinal segmentation 20 0 60 t['u]Jo
ns

DRD6 Collaboration Meeting 15
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https://arxiv.org/abs/2303.08533
https://arxiv.org/abs/2303.08533

MPGD prototypes

MPGD technologies:
e 7 MRWELL
* 4 resistive MicroMegas
1 RPWELL
* Detector layout: 20x20 cm?
o ~6 mm drift gap
* Common readout board: 1x1cm? pad-> 384 pads
First characterizations in terms of effective gain performed in
lab in Frascati, Roma3, Bari, Napoli, Weizmann

v 1 1t | 1t T r r T — T I 1

g o g s Examples of gain measured in Bari lab
S10* S 90 3 Y with Mini Xray gun with Ag target,
- measuring current drawn on
glectrgale
| T .
10° i e
I S E e
10° ] : - s
MicroMegas: P4 ”RWEIZL' 7 & 5ina;
G=10"at ais O IEL ] s
e _ _ -y E,=140kV/cm A e,
= Ea =50 kV/cm - | . ._ 2 e
O ) I M S \AI’/OO ’/n HJ [ 102 S S G R A T B illlli\l\li\lllilll\ :_;'i—': —
350 400 450 2506 'Y 550 500 550 600 650 700 750 800 850 o T
AVamp (V) AV, (V) e 4 -
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MPGD technologies .

Micromegas (MM)

..IlIIIIIIOOIIll@.'ll.'llll.l..ll
Copper top layer (5 u\m)

kapton (50 um)

Rigid PCB readout
electrode

RPWELL
We:: ::!ch: 144? um
ell diameter: 70-50 pm §2 |

DLC layer (<0.1 um) \ 4
R-100 MQ/C] + -
\A ) +,+
Film glue ———g, it gap T
+.

d=18 um d
w=45pum s
Pillar size =?
[
Table 3.2: Characteristics of the resistive MPGD prototype tested in this work. The brute
value of the resistivity refers to the value of the DLC foil at production; the value after curing
is the one measured after the curing procedure of the DLC foil.

Technology Amplification gap  Drift gap Resistivity Resistivity
{brute value) {after curing)
resistive Micromegas == 100 pm =6fhmm (100 + 30) MO/ = 45 MQ,/]
u-WELL == 50 um =6hmm (200 £ 60) MO/ 85+ 110 MQ/T
EPWELL == 400 pm =5mm =2 G0Ocm (bulk)

DRD6 Collaboration Meeting
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Dead area 11 mm
P E P g rooves wosnn [0 gooseg qumy PEP-Groove:
DLC grounding through conductive
: groove to ground line
Pad R/O = 9x9mm?
Grounding:
- Groove pitch = 9mm
-width = 1.1mm

- 84% geometric acceptance

DLC-GND Doad Zone GND Width Insulahon DOCA « The most recent high rate layout:
pitch [mm] ; [mm] Patterning-Etching-Plating
9 1.3 (1.6%) 0.767 0.175 0.535 * The DLC ground connection is
established by creating metalized vias
from the top Cu layer through the P E P - D OT
DLC, down to the pad-readout of the PCB
» The dead zone is ~2%

Dead area 1.305 mm

< GND 0.767 mm

Cu 0.094 mm

DOCA 0.535 mm

759.07pm
1116, 32um

1455, 5Tum

DRD6 Collaboration Meeting 18



MuCol framework simulation o

0.6

Muon Collider

Simulation

Setup simulation: y CRILIN ECAL
« Geometry handled by DD4Hep | AL barrel Simies
* Semi-digital RO implemented

* Clustering and energy estimation by Pandora Particle Flow

BlIB
5ig 5 GeV
0.3 Sig 20 GeV

Counts / Entries

=
]

Simulation of BIB (beam induced background) at a center of mass
energy of 1.5 TeV

* BIB containment within the first 20 layers

* Uniform distribution of arrival time in the range 7-20 ns

=
.

2
=]

13 20

* Signal arrival time peaks at ~ 6ns; i
* Discrimination possible for t > 9/10 ns | Muon Collider 5 = 45.96+6.91
. . Simulation 1t =1223ptx110
— achievable with MPGD detectors 0 noEs Sample  5=23.09+15.56
Single — cluster Events C=20.84+171
AR < 02 ® Exc 29 GeV § SDRO-T:0.2-4-12keV
: ¥ DIGITAL RO
40 | MPGD-HCAL 1x1 cm? fE)=SNE ® C
Energy resolution simulated: £
* T gunsup to 100 GeV 3.
g
e Selecting it starting shower in HCal i
|
20 4 |
Result:
e overall better performance with semi-digital readout I
10
O-/E = 46%/\/E @ 12% 0 20 40 6v0 80 100

* resolution saturates with digital readout Evc [GeV]
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Digital vs Semi digital readout

Digital Readout (Digital RO) Semi-digital Readout (SDRO)

e Digitization: defined multiple thresholds

e Digitization: 1 hit=1cell with energy e Reconstructed energy: E = aN +4N +yN
=B Y TN T AN

deposit higher than the applied threshold h
e Calorimeter response function: with :
<N, >=f(E) o N_;, 5 number of hits above
I T

i-threshold
e Reconstructed energy: E_=f"(<N, >) o afy parameters obtained by »°

minimization procedure

-
=
L=

=) = o
S 9o i S i - N2
P [ m 20 GeV = n 20 GeV
B0 =} - N3
= B
70 N
60— £ . |
50 ol ™
= =
40
30
20
10 . 8
= 1l | L il | L1l | | . | | L1 1 | L1 1 1 | Ll Ll | L1 1 | Ll 11 | L il | L1 ] L1 11 I L1 11 I L1 11 I 1 L1l |
5 10 15 20 25 ao 35 40 45 50 30 35 40 45 50
Z [layerlD] Z direction [layerlD]
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Energy reconstruction: Semi-digital Readout (SDHCAL)
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 Digitization: defined multiple

thresholds
« t,=0.01MIP
« t,=4MIP
« t,=12 MIP

e Reconstructed
energy: En=
a1+ N2+ yNs with:

TI|IIII|IIII|IIII|IIII|IIII|IIII|II

00 400 600 800

Total number of hits (N14+N24N3)




Inefficiency of
MRWELL

'E‘ J T 1771 T T T T 17 T T T T T T T T T T 7 I_
E L —4— PEP line 1 A
%14‘_ =-PEPline2 |[]
T I —PEPlined
B » i
1'3__1; [ ] __
[ » -
12__ ] . Il__
L it 4 -
i * I
L . |
11_ T F Y ]
B + i
1= _
I 11 1 | L1 L1 | 1 11 | L1 1 1 | 11 1 | L1 L1 | J

1.5 2 2.5 3 3.5

4 45
E,. [KVicm]

Efficiency

Efficiency

Efficiency vs drift field
0.82 E %
- g
0.8 3
L s
0.78F G 3 ;
0.76
L 1
E 1z ) ——— p-rwell-Ba2
0.74 I t ¥ .
5 é T -2 p-rwell-RM3
0-721 1 —— p-rwell-Fr2
0.7k i —+— p-rwell-Fr1
0.68 F | I N N | | | | I I B | | I N | | I I B | | N B | I
1.5 2 25 3 3.5 4 4.5
E g [KV/Cm]
ﬂ 1T 1771 | T 171 ‘ 1T 171 | 1T T 1 | 1T 1T T | 1T T | H
E v ¥ ¥ ¥ ¥ ¥ ¥ E
0.9~ —
0.8F- —
L —a— PEP line 1 N
0'7:_ —=— PEP line 2 B
- —— PEP line 3 .
0.6 —¥— Active area —
0.5 ;—_
0.4[ ? § ; =
0.3:—# ; —
:| 1 1 1 | 1 1 1 ‘ 11 1 | I | 1 1 1 | 1 1 1 | l:

—ry
w

2 25 3 3.5 4 45
E,q [KV/cm]

DRD6 Collaboration Meeting

Y propagated (mm)
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Response uniformity MPY ditrtuton o irooges Ba1__ 1o —

g = £ nat 48.58 /38
£ ‘5005— Constant 2489 + 2112
Response uniformity measured using clusters matching muon sw0of- e S
tracks 3500~ -
e Good uniformity for MicroMegas (~10%) zsooi—‘-— _
e Regions of non-uniformity observed on some y-RWELLSs 2:: :%
— under investigation in lab 1000E- £
e Slightly worse uniformity for RPWELL ”;S_ : E
: = = MPV charge (ADG counts)
Detector Uniformity (%) _ 2D-MPV variation for MicroMegas-Bari
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Response uniformity prwell

Good mean uniformity in
Observed pattern in uniformity maps for 2 urwells (out of 5 fully
tested)

Y (mm)

Currently under investigation (Valentina's master thesis work)

q08 58 0 B 100
X (mm)
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MPGD-HCAL prototype - G4 simulation setup

e Small calorimeter geometry implemented SIEEE & xs layers
» 8 layers of alternating of 2 cm stain-less steel absorbers and MPGD 11"
- First 2 layers with 4 cm absorbers to increase number of _ - _
showers developing early <& E” g =
* 20x20 cm? active surface
* 1x1 cm? pad granularity
e Pion gun of energy range available at PS (4 — 8 GeV) L

* Digitization algorithm implemented to account for charge-sharing among _ .
adjacent pads and detector efficiency ToasE

E 0.4

Digitization algorithm %}.35
203

Shower containment

A = IS,
Avalanch -%0'25
e spread E 0.2
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o o
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Event selection in Monte Carlo and data

MIP-like events Shower events

. . . Z a5l , 5 GeV T L N L I B -
Event selection criteria supported “F 50w Z | [+8Gw . . ]
: . . - . : 4 Gov 12 |+ 6 Gev Simulation ]
by simulation using MC truth .. Simulation E - qcev ]
* MIP-like events: < £ I U S B
- single hit in each layer ———— | — %+ T+ F LT E
* Shower events starting from 1_ £ I A e e
layer 3: osf- oF +:f 3
= more than4h|ts per Iayer D:IIII‘|1I|l|I.éllllililllllxlilllllslllllIIFLIIll;lp;!'hl:rlllllln? .DD_IIIl1|II||2|llll:lllll‘llll|5|ll||E|||||:I1||L‘|a)rl_B
from layer 3 e tayer e

o Number of hits for all layers Number of hits for all layers
Distribution of the total 00 Enties 42923 120 Entries 2426
PS Data Mean 30.61 Mean 87.95

number of hits in all active

1600

StdDev  27.94 100 StdDev  22.88

Eniries / & hits
Enfries / # hits

layer from the experimental — ===p o Before the i PS

data obtained - -

- excluding first 2 detectors N: selection s Rt the
(faulty APVs) sool of selection

- counting only once along y 20
vias direction to avoid x-talk /f T R TR E oM of T e T e R
pads (detectors operated g4k gt ~ 10 hits o o
high gain for APVs) _> MIP-like events 06
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