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Motivation: Particle-Flow Calorimetry

Requirements for future

colliders:
« Jetenergy resolution:
Y ﬁl:é’:—- n | Traditional approach or [E<3.5%
m* : wfls * Jetreconstructed as a whole * High granularity
e * Energy measured combining ECAL + HCAL
— e @M‘ * ~ 70% of jet energy measured in HCAL with

relatively low resolution (<60%)

P .ﬁ_:m. - Particle Flow approach
T ‘:_.:-... . Recor?struct individual particles of the jets Requirements for HCAL
'*I.S:-'--. * Exploitthe most accurate subdetector system « Separate neutral from
— E%__'g':::.,_ : * ~ 10 % of jet-energy carried by long-lived charge hadrons -> high
i, neutral hadronsis measured in HCAL transverse and

Ejer = Evrack +E, + E, longitudinal granularity

J. Marshall, M. Thomson
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Section of the Muon Collider experiment

HCAL for Muon Collider experiment

Muon collider

Advantages:

e multi-TeV energy range in compact circular machines;

e well defined initial state and cleaner final state;

e all collision energy available in the hard-scattering process.

Challenges:

e muon is an unstable particle; its decay products interact with the
machine elements generating an intense flux O(10°) of background
particles: beam-induced background (BIB).

‘\Emfz_ L T TroTrTTT T T I_ @ :' T r T T T T T T
é —— BIB in ECAL barrel E 012 P .
E ) - r — IP muons ] i i
%0_3 B T PIRInHCAL barel , § 0'15_ — background E Hadronic Calorimeter
° £ 008E 3 Requirements for BIB suppression:

il 1 " E * Radiation hard technology

004E E * Fine granularity
L ity 1 0er E e High time resolution (ns)
e me e g O 0 1o 2 g
arrival time in the calorimeter - t  [ns] 2021 JINST15P11009
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https://iopscience.iop.org/article/10.1088/1748-0221/16/11/P11009/pdf

MPGD-HCAL for Muon Collider

(7] MESH (bulk technique)
c e S il
o0 .\ Pillars
v DLC1
E Top layer e ce—— = (piIIarg are 4
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Why MPGDs for calorimeters? g e
E Etecr:al e T, One connection to ground through vias
from top and internal DLC layers
* Fine granularity
* Radiation hardness
—
 High rate-capability O(MHz/cm?) Top Conper (5 ) e PeE g
* Flexible space resolution (> 60 um) o R I | 3

* Response uniformity mmm

* Cheap for large area instrumentation

RPWELL
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GEANT4 Simulation



PRELIMINARY

G4 Simulation — Shower containment, e o conammen
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G4 Simulation — DHCAL and SDHCAL readout

DIGITAL HCAL SEMI DIGITAL HCAL
Digitization: 1 hit --> 1cell with energy deposit *Digitization: defined multiple thresholds
higher than the applied threshold *Reconstructed energy: En= aNi+/AN2+pN3 with:
*Calorimeter response function: <Nhie>=f(Ex) *  Ni123 number of hits above i-threshold
Reconstructed energy: En=f.1(<Nhi>) * @y parametersobtained by y2 minimization
procedure
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Energy resolution— DHCAL and SDHCAL comparison

PRELIMINARY
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G4 simulation - SDHcal 1x1 cm? —SDHcal 3x3 cm?

PRELIMINARY
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G4 simulation — Digitization: charge spreading

clusterSize.clusterSize
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Simulation in Muon Collider
framework



MPGD-HCAL at Muon Collider

Implemented geometry in MuCol Software
* Sampling calorimeter made of
e 2 cm thick absorber
e 3 mm thick active layer
* Granularity given by cells of size 3x3 cm? - Digital RO
*BASELINE: Scintillator (Polystirene) + Steel
*MPGD Hcal: Gaseous argon + Iron

pur

Benchmark process: u*u~ — Hv,v, - bEvuﬁ
at center of mass enngy of 1.5 TeV

/ e 10k events produced with Pythia \
* 100 BIB events
* Signal events simulatedin the whole
apparatuswith BIB superimposed
e Entire event reconstructed
* For both geometries

€ 4
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PRELIMINARY

MPGD-HCAL at Muon Collider 2" tuon caider Fra
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MPGD-HCAL prototype

In collaboration with
- INFN Roma 3
NFN Napoli
- INFN Frascati
- Weizman Institute of Science




MPGD-HCAL prototype

Trigger - >~
+tracking

Absorber
Absorbel
Absorber
Absorber
Absorber
Absorber
Absorbel
Absorber
Absorber
Absorber

4cm Jcm

APV25, 128 channels,
analogic readout

Two test beam campaigns in 2023
to measure:
esingle MPGD performance (5-
19 July)
*HCAL cell performance
~ 1A, (30 August- 6
September)

slow control, DAQ,
trigger, event
builder

ADC, clock

Anna Stamerra — IPRD 2023




MPGD-HCAL prototype

e MPGD total production batch:
e 7 uRWELL
e 4 MicroMegas
e 1 RPWELL
detector size: 20x20 cm?
pad size: 1cm? pad-> 384 pads
Common readout board

First characterizations (HV stability & effective gain) performed in
all the labs involved inthe project
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MPGD-HCAL prototype - July test beam 2023

Preliminary test beam on single detectors at SPS
with pubeam at 150 GeV to measure:

» Efficiency

* Response uniformity

* Space resolution

Data taking

* APVs + SRS (2 FECs) for the DAQ
 Read 6 chambers + Tmms at a time

* HV scan, XY positionscan

Reconstruction

* Tmms temporarily excluded

e Track reconstruction with hits from 5 pad
calo-chambers, excluding the one under test

Calo-chambers

12 detectors with 1 cm? RO PADs
* 4 Resistive MicroMegas

e 7 u-RWELL

* 1RPWELL

Tracking system
* 210x10 cm? Tmms
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MPGD-HCAL prototype - July test beam 2023

Calo chambers

PRELIMINARY
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MPGD-HCAL prototype — July test beam 2023

Efficiency

e
©

MicroMegas

—

0.8

0.7

0.6

0.5

0.4

>,
L ® 1=
v 3 i =
— & & _q_)
[~ r .(_J
- 0=
H wl
: r

T T 1T
e
(L

—— MM-Weizmann

—— MM-RM3

—=— MM-Naples

—=— MM-Bari

430 440 450 460 470 480 490 500

amp

—h

09

0.8

05

it

- |-= uRW-Fr2

= uRW-Fr

- |- uRW-Ba2

540 545 550 555 560 565 570 575 580
Vamp [V]

Anna Stamerra — IPRD 2023

RPWELL

fficiency

€

95

0.85

0.8

0.75

: 'y okt

IS R D P N N N R
Fy

NSRS WU SO S SR S - |- RPWELL |

0.7

|||il|||il|||il|||il|||il|||i||||i||||i||||i||||
1150 1155 1160 1165 1170 1175 1180 1185 1190

amp

PRELIMINARY




MPGD-HCAL prototype — August test beam 2023

Full prototype test beam campaign at PS
® pure negative pion beams

* beam size of ~1cm?

e monochromatic E=2, 4, 6,7,9,10 GeV
First operation of the full system!

Scientific program
e without absorbers: response to an X&Y scan
e at 11 GeV, highly collimated and pure beam
e with absorbers: energy and energy resolution
measurement with monochromatic beam
e Cherenkov detectors used to veto electrons and
muons contamination
e Define thresholds for semi-digital readout using per-
pad charge distribution obtained with the analog
readout
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Plans for 2023

Test on MPGD prototype (both TB data analysis still ongoing)

Performance of single active layers (TB at SPS and PS)
* Measure space resolution

» Efficiency vs HV (for each detector)

» Efficiency maps to determine uniformity response
* MIP charge distribution for muon and pion

Performance of the calorimeter prototype

* Pad charge distributions for threshold optimization for semi-digital readout
* Energy reconstruction and resolution

 Comparison with G4 data for validation of the simulation
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Plans for 2024 — prototype development

1. Construction of 50x50 cm? MPGD prototype

e Choice of the technology — MicroMegas or uRWELL(following results of TB data analysis )
e Design definition

e Baseline 20x20 available, discuss with Rui for improvements

e Construction of first 2 modules

e First testin labs and test beam (?)

2. Definition/design front end electronic chips

e Study of charge distribution (simulation validation with TB data)
e First characterization of chip on detector (VMM, FATIC, GEMROC)
e Choice for electronic

1.Design a modular mechanical structure for 10 layer prototype
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Plans for 2024 — Simulation

1.G4 studies:

e Optimization of sampling fraction and layout of 10 layer prototype
e Study of f em/f _had vs pion energy

e Add BIB to standalone MuCol simulation

e Study on the absorber

2. Muon collider full sim

e Realistic digitization

e Pion gun with std geometry vs MPGD - efficiency, energy resolution

e Pion gun with std vs MPGD with bib—> efficiency, energy resolution, time resolution
e Repeat study with neutral hadron

e Study jet composition
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