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Ɣ Research activits carried out during the sear
I am Zorking on Micro Pattern GaseoXs Detectors (MPGDs) Zith CMS and MXon
Collider team at INFN- Bari.
The research project is focXsed on deYeloping the hadron calorimeter (HCal) Xsing the
MPGD technolog\ as the actiYe la\er for an e[perimental facilit\ at a fXtXre mXon
collider, a machine that ZoXld alloZ to inYestigate the Standard Model Zith
Xnprecedented precision. One of the major challenges for the e[periment design, is
the mXon beam-indXced backgroXnd (BIB), that poses potential limitations on the
detector performance and reqXirements on radiation hardness. Some of the ph\sics
goals of the MXon Collider inclXde precision measXrements of the Higgs boson
coXplings, Zhich reqXire e[cellent separation betZeen Z and Higgs boson eYents,
eYen in their hadronic deca\ channels. This demands the identification and the
foXr-momentXm estimation of neXtral and charged hadrons, as Zell as the clXstering in
jets, that depends on the correct assignment of the calorimeter hits to the
reconstrXcted particles, Zhich reqXires a combination of an e[cellent tracking s\stem
Zith high-granXlarit\ calorimeters. Therefore the HCal for the fXtXre e[perimental
facilit\ shoXld be designed to accomplish sXch tasks. The MPGD-based HCAL
proposed in this project consists of a sampling of absorber material and resistiYe Micro
Pattern Gas Detectors (MPGD) as the actiYe la\er, featXring high rate capabilit\
(MH]/cm2), fle[ible spatial and good time resolXtion (𝒪(1ns)), good response Xniformit\
(30%), and modest cost for large area instrXmentation.
Recentl\ the Bari groXp designed and bXilt seYeral protot\pes of resistiYe micromegas
and �-RWELL Zith 20[20 cm^2 actiYe area and Zith a readoXt board segmented in
384 pads of 1[1 cm^2, Zith the goal to stXd\ their performance and implement a first
HCAL protot\pe. DXring the first \ear of the PhD I started the characteri]ation stXdies
of sXch protot\pes, both in lab and Zith test beam, and a first implementation of the
HCal protot\pe in GEANT4, as detailed beloZ:
1. ChaUacWeUi]aWiRQ Rf UeViVWiYe �-RWELL:

The characteri]ation of the �-RWELL protot\pe has been performed in Bari lab,
Zith the goal to eYalXate the basic parameters of a MPGD: the effectiYe gas
gain and the response Xniformit\. The �-RWELL is flXshed Zith Argon (Ar) and
Carbon dio[ide (CO₂) gas mi[tXre Zith a concentration ratio of (Ar:CO₂_70:30). I
set Xp the measXrement, that emplo\s an X-ra\ beam generated b\ an AmpTek
deYice to create photo-electrons in the detector gas YolXme. The detector is
poZered throXgh a high-Yoltage poZer sXppl\ in order to establish the electric



fields. The poZer sXppl\ measXres also the cXrrents draZn b\ the electrodes
Zith a resolXtion of the order of 50 pA. First resXlts shoZ that the gain
Ar:CO₂_70:30 is Xnder the XsXal operational conditions and that the response
Xniformit\, measXred as gain Yariation across the Zhole detector sXrface, is
aroXnd 25%.
FXtXre plans: measXre the gas gain and Xniformit\ Zith the mi[tXre
Ar:CO2:CF4/45:15:40 for all the �rZell detectors deYeloped for this project.

2. FiUVW ORRk aW Whe daWa cROOecWed dXUiQg Whe WeVW beaP Rf Whe UeViVWiYe MPGD
aQd Whe HCAL SURWRW\Se iQ JXO\ 2024: The test beam campaign took place at
CERN in JXl\ 2024 Zith the goal to measXre the performance of the single
MPGD (three MicroMegas and fiYe 𝜇-RWELL) and the fXll HCAL protot\pe . I
am inYolYed in the data anal\sis of the MPGD performance. I am cXrrentl\
deYeloping a code to identif\ and remoYe the nois\ channels.
FXtXre plans: measXre the efficienc\ and response Xniformit\ of the MPGD Zith
mXon beams.

3. A ViPSOified ViPXOaWiRQ Rf Whe MPGD-HCAL aSSaUaWXV ZiWh GEANT4: I haYe
implemented a simplified geometr\ of the MPGD-HCAL apparatXs in GEANT4,
Zith a sXrface of 100 cmð in the XY plane and segmented in 50 la\ers along the
] direction. Each la\er consists of a sampling of iron and argon. I inYestigated
the response of sXch a s\stem to Pions (𝝅í, 𝝅+) and Kaon beams (𝑲ṣand (ࡄṣࡄࡄ𝑲ࡄ
at energies 1, 5, 10, 20, and 50 GeV. The pXrpose of this e[ercise is to gain
confidence Zith GEANT4 softZare and the design of a calorimeter.
FXtXre plans: stXd\ the performance of the actXal protot\pe Zith GEANT4, in
terms of response to mXons and pions and compare the resXlts Zith test beam
data.

I arriYed in Ital\ in mid-April 2024, therefore actiYit\ 1. and 2. started in that period.
The Geant4 e[ercise described in 3. has been carried oXt Zhile I Zas in Pakistan.

Additional fXtXre plans inclXde the characteri]ation of the modXles of the ME0
station for the Phase II Xpgrade of the CMS e[periment. These modXles are
based on triple GEM technolog\ and Zill be prodXced b\ the Bari groXp in the
ne[t months.



Ɣ List of attended courses and passed exams

1. GaseoXs detectors for e[perimental particle ph\sics (Zill VWaUW ne[W WXeVda\, SepW 10)

2. Machine learning programming in ph\sics (Zill VWaUW in laWe SepW.)

3. Design of readoXt integrated circXits for particle ph\sics (Zill VWaUW NoY)

Ɣ List of attended conferences� workshops and schools� with mention of the
presented talks

ż XXXV Edition of the International School ³Francesco Romano´ on NXclear,

SXbnXclear and Astroparticle Ph\sics - Monopoli (Ital\) - 6-13 October 2024.
https://agenda.infn.it/eYent/40753/

ż DRD1 GaseoXs Detectors School NoYember 27, 2024 to December 6, 2024 CERN,
SZit]erland. https://indico.cern.ch/eYent/1384298/
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