‘ ' ’.\l
W\ /!
International

UON Collider
Collaboration

INFN

stituto Nazionale di Fisica Nucleare

Vs=1.5 TeV

Towards Detector Design at Vs=3 TeV and Vs=10 TeV

Task 2.1 Design of detector configurations: detector design strategy definition

Massimo Casarsa', Donatella Lucchesi?, Lorenzo Sestini’, Davide Zuliani?

1) INFN-Trieste
2)  University and INFN of Padova

3) INFN Padova



Detectors Requirements Determination
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Detector results from a interplay of the accelerator machine optimization
and the wanted physics reach due to the beam-induced background (BIB)

- Define the working hypotheses!

1. Recent preliminary studies have shown that the BIB characteristics are
dominated by the nozzle. This is under study in the MDI group. We
will keep iterate with them. In order to proceed it is assumed the BIB
effects on detector at Vs=3 TeV and Vs=10 TeV are the same studied at
Vs=1.5 TeV



Detectors Requirements Determination - 2
2.

Physics program

eavy Flavor:
PID, track &
calorimeter
resolution

Higgs: luminosity,

momentum & jet
energy resolution

BSM: luminosity,
detector coverage,
sensitivity to
displaced vertices
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Electroweak:
momentum &
track resolution



Detectors Requirements Determination - 2 N
Jhiekei
1. Detector coverage: agree with IR design experts on nozzle occupancy
and available volume
2. By using the available results with the full simulation, we can
determine the desidered:
a. track parameters resolution

b. energy resolution and jet energy resolution
Cc. muon parameter resolution

3. PID to be done from scratch



Generator level study for H — ppu for several kinematic variables

AU.

Higgs: tracks and muons

500

International
UON Collider
Collaboration

15014 3TeV 718 Bl Zfé 2501
i z 3Tev
AuoE ol 10 TeV
350 —{ 200
300
250 Py 150—
200 L
i 200 — 100 —
100 F
50; 100 507
= I S N R | N I R A B F
20 40 60 80 100 120 140 160 |°0 0 PRI RN T S S S | P T S S I (I I T A A O S O . ..o M,
Higgs polar angle L 0 100 200 300 400 0 L v % 200 400 600 800 1000 1200 1400 1600 1§00[G \2/(10[
1 T . . . x e
Higgs Transverse momentum Higgs Longitudinal momentum
0.08— 3 E
= 3 TeV < 007 3TeV
007 10 Tev 10 Tev
= 0.06
0.06— . .
E 0.05—
ousE - H - uwtu- Similar momentum
= H - u+u_ 0.04 K H . . .
0.04— E _
- X distributions at Vs=3
003 E
= 0.02— —
- TeV and Vs=10 TeV
0.01-
0.01 e
P EI EPRPI P B b === =Y et
0 L T T 0 100 200 300 400 500 600 700 800
() 100 200 300 400 500 i . P, [GeV]
e [GeV] Muons longitudinal momentum [GeV]

Muons transverse momentum [GeV]


https://indico.cern.ch/event/1175126/contributions/5024063/attachments/2527888/4348724/Toward%2010%20TeV%20detector%20studies_LauraB.pdf

BSM heavy object: tracks and muons
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Tracks with momentum up to ~5 TeV have to be reconstructed


https://indico.cern.ch/event/1175126/contributions/5024063/attachments/2527888/4348724/Toward%2010%20TeV%20detector%20studies_LauraB.pdf

Magnetic Field and tracking system dimension

An example study from CLIC: track resolution as a function of
magnetic field and maximum radius of tracking system
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Preliminary study done by Lorenzo by rescaling results obtained

|

with full simulation (BIB included)
This study can be in principle done with fast simulation
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https://indico.cern.ch/event/1175126/contributions/5024063/attachments/2527888/4348724/Toward%2010%20TeV%20detector%20studies_LauraB.pdf

Impact parameter resolution
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In principle, studies with fast simulation can be done, looking at the
dependence with respect to the minimum radius of tracking system



Calorimeter Resolution for photons

Studies at Vs=3 TeV with BIB and H — yy /:\Hct’ﬁct”td
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https://indico.cern.ch/event/1175126/contributions/5024034/attachments/2527078/4346890/casarsa_photons-electrons.pdf
https://indico.cern.ch/event/1274190/contributions/5351484/attachments/2627359/4543819/calorimeters_mc.pdf

Jet energy Resolution

Studies at Vs=3 TeV with BIB /:\HOEC'W
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Here impact of BIB is relevant...
Questions to be answered:
e Achievable jet energy resolution
e Depth of ECAL and HCAL
e Possible preshower before ECAL
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https://arxiv.org/pdf/2303.08533.pdf

Conclusions
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This 1s a starting point to organize the activities on detectors design study /:luaboramn

It 1s important to define the needed and reasonable physics objects performance
in term of efficiency and resolution at Vs=3 TeV and Vs=10 TeV Muon Collider
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[ Detectors design }

Experts on the different physics objects detection and identification need to work

together
Thank you for your attention!
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