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Detector design and performance highly influenced by MDI

X Interaction region configuration
*# Dimensions
#* Nozzles

X Beam-induced background

s Kinematical and time distributions

When MDI is defined and optimized, detector technologies enter the game to
optimize the performance.
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Collider interaction region

Longitudinal size of the detector determined by position of final focusing magnets.
it would be very difficult from the the lattice point of view to have more than +6 m

C. Carli, A. Lechner, D. Calzolari, K. Skoufaris

Final focusing
magnets

LHC MC
VS =10 TeV
bunch 7.7 cm 1.5 mm
length o,
nozzle outer
radius = 60 cm bunch 16.7 ym 0.9 um
Size O_J_

Single bunch mode
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Shielding structure: the nozzles

Designed by MAP (Muon Accelerator Program)

N.V. Mokhov et al. Muon collider interaction region and machine-
detector interface design Fermilab-Conf-11-094-APC-TD

10° nozzle geometry

General view

(600, 60)

(600, 50) Zoom in beam pipe

(6.25, 2.2875)

(0,2.24) (6.25,2.24) (13.762,2.37322)

(13.2334, 2.27969)
(0,2.2)

(600, 1.78)
(100, 0.3)

W - tungsten
Be — beryllium R'”"I -
BCH2 — borated polyethylene > (15,0.6)

Optimized for /s = 1.5 TeV
F. Collamati et al. 2021 JINST 16 P11009

Single muon decay
tracks

N ~2x10%2/bunch
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Beam-Induced background properties
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Use the same nozzle structure of \/s = 1.5 TeV = optimization for /s = 3 TeV (L. Castelli) and
\/s = 10 TeV (D. Calzolari) in progress.

Fluxes at /s = 3 and +/s = 10 TeV quite similar = beam-induced background characteristics
determined by the nozzles.
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First detector concept at v/S = 3 TeV

Modified CLIC”s detector

concept:

 Removed forward
luminosity detectors

* Inserted nozzles
« Adapted tracker detector

« Magnetic field modified
to cope with available
beam-induced
background

March 11, 2024

hadronic calorimeter

¥ 60 layers of 19-mm steel
absorber + plastic
scintillating tiles;

¥ 30x30 mm?® cell size;
® 75\,

electromagnetic calorimeter

¢ 40 layers of 1.9-mm W
absorber + silicon pad
Sensors;

¥ 5x5 mm? cell granularity;
® 22 Xp+ 1A,

muon detectors

¢ 7-barrel, 6-endcap RPC
layers interleaved in the
magnet’s iron yoke;

¥ 30x30 mm? cell size.

superconducting solenoid (3.57T)

C. Accettura et al. "Towards a muon collider”

tracking system

¢ Vertex Detector:

* double-sensor layers
(4 barrel cylinders and
4+4 endcap disks);

* 25x25 pm?® pixel Si
Sensors.

¢ Inner Tracker:
» 3 barrel layers and
7+7 endcap disks;
* 50 ym x 1 mm macro-
pixel Si sensors.

¢ Outer Tracker:
* 3 barrel layers and
4+4 endcap disks;
* 50 ym x 10 mm micro-
strip Si sensors.

shielding nozzles

¢ Tungsten cones + borated
polyethylene cladding.

CLIC: H. Abramowicz et al., Eur. Phys. J. C 77, 475 (2017)
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https://doi.org/10.1140/epjc/s10052-023-11889-x
https://doi.org/10.1140/epjc/s10052-017-4968-5

Radiation environment

1-MeV neutron equivalent fluence per year
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Assumptions:

= Collision energy 1.5 TeV

= Collider circumference 2.5 km
= Beam injection frequency 5Hz
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Expected Radiation hardness requirements like HL-LHC

Maximum Dose (Mrad)

Maximum Fluence (1 MeV-neq/cm?)

R=22mm R=1500 mm | R=22 mm R= 1500 mm
Muon Collider 10 0.1 1015 10°4
HL-LHC 100 0.1 10%° 1013

K. Black, Muon Collider Forum Report

VS =3 TeV and VS = 10 TeV similar values expected = dominated by BIB

March 11, 2024

Donatella Lucchesi


https://doi.org/10.48550/arXiv.2209.01318

Beam-induced background impacts mainly few sub-detectors

Vertex detector
T S———

Electromagnetic calorimeter
S~
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Tracking system

First layers of barrel vertex detector &
forward disks highly impacted BIB

Macro pixel
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Tracker requirements

Vertex requirements

« High time determination resolution, ~ 20-
30 ps to suppress out of time BIB.

« High granularity with energy deposition
measurement to exploit different cluster
shapes.

* Double layers to apply when possible
directional filtering.

S. Pagan Griso C. Sellgren
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Track reconstruction performance
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Calorimeter system
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/ Time information
Vs = 3 TeV p+y- collisions, Vs = 1.5 TeV BIB overlay
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Electromagnetic calorimeter requirements

Calorimeter requirements

« Time-of-arrival of hit resolution ~100 ps to reject out-of-time particles.

« Adequate longitudinal segmentation to exploit different shower profiles between
signal and beam-induced background.

« High granularity to avoid as much as possible overlap of signal and beam-
induced background particles in the same cell.

Dedicated ECAL R&D: Crilin semi-homogeneous calorimeter. It could reduce energy
fluctuations helping in beam-induced background mitigation.
Each module: 5 layers of PbF2 crystals (10x10x40 mm3) Cerenkov light detected with SiPMs

Dedicated HCAL proposal in progress.
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efficiency [%]

Photons reconstruction See Lorenzo's presentation

CRILIN reconstruction optimized for MuC, no optimization for W-Si, not performance comparison!
« Dedicated BIB treatment in CRILIN
« Threshold 2 MeV applied to W-Si

Magpansaassasnasaans BN sanne ' BN
80 C Photons 6=1.57 ] % 14 :_ Photons 6=1.57 —:
n —e— W-Si EPJC - ~ - —— W-Si .
B —e— CRILIN _ © 12 — o E
60 | ] 0 3 —e— CRILIN E
a0 ~ SE E
- i 6 —
20 - B 4 =
0 C N T S R A 2k . T . _:

0 50 100 IEO GeV 0 50 100 150
true [ eV] B Etrue [GCV]

fake ~ fake
NCRILIN _ O NW—Si — 60

Jet & electrons reconstruction with CRILIN in progress
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https://indico.cern.ch/event/1274190/contributions/5351484/attachments/2627359/4543819/calorimeters_mc.pdf

Jets reconstruction performance

Jet reconstruction:

= E = 2 MeV EM calorimeter cells to mitigate
BIB effect

= efficiency: 80 = 90%

= Negligible fake rate

b-jet identification:

- Simple algorithm, secondary vertex

- Efficiency:45% (20 GeV) 70% (120 GeV)
 c-jet mis-identification ~20%

» light jets mis-identification few %
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Muon reconstruction

Muons in the barrel (central) are not affected by beam-induced background
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Summary of detector performance at 3 TeV center-of-mass energy in Massimo’s talk tomorrow

March 11, 2024 Donatella Lucchesi 16


https://indico.cern.ch/event/1325963/timetable/

Detector concept at VS = 10 TeV

Detector must be designed to have high performance for :
= Low energy physics: electroweak processes, Higgs

= High energy phenomena: Z' with high masses
= Unconventional signatures: disappearing track, emerging jets,...
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Detector concept at VS = 10 TeV  See P&D presentation by Davide

Idea proposed in several presentations

Solenoid in SR, |'WIRE e | i
between el =l , —
calorimeters

Solenoid in
—— front of ECAL

i Both configurations will allow to:
e Increase calorimeters

e Change ECAL technology
° Increase tracker |

Description of detector design at 10 TeV center-of-mass energy at Annual Meeting tomorrow

March 11, 2024 Donatella Lucchesi 18



https://indico.cern.ch/event/1325963/timetable/
https://indico.cern.ch/event/1385966/contributions/5826026/attachments/2804746/4893957/10tev_20022024.pdf

Software and Computing

MuC software workflow
Software infrastructure

Cgeomety  ceants @UETD  sMsso currently supported and

P o “Nevenis  maintained by 2 INFN
computing experts
--@-_ BIB
| | | | X 1
L parallel jobs fevent Computing resources
Overlay < - CPU: provided by INFN
: E— ¥ and CERN
DGR < digitisation < -
D il o B - storage: 600 TB at
i:: Jet clustering e Fl X N events INFN Sites and 100 TB at
Track reco. } Partlc: rlow C E RN
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Next steps in detectors design

First step in detectors design has been made with the “old”, MAP, version of the nozzle.

a) Next steps would require an optimized, or at least appropriated, configuration of the
nozzles for each center-of mass energy. This means:
* Nozzles definition
« Beam-induced background validation in the current version of the detectors
« Sizeable beam-induced background statistics

b) Path of detector study with frozen nozzles configuration:
1. Simulation of beam-induced background in the detector
2. Tuning of sub-detector configuration by looking at occupancies
3. Reconstruction of major physics objects tuning algorithms to minimize beam-induce
background impact

The activities in a) and b) are CPU intensive and human time-consuming, the complete
process require about one year.
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Muon reconstruction

#* Need to cover a momentum range from few GeV up to TeV
# New approach needed:
= usual methods for low momentum;
= combine information from muons detector, tracker and ~ X'H” 2 Z'X = ppX s = 10Tev
calorimeter information, jet-like structure. ST Mz = 9.5 TeV

utu= - 7Z'X - uyuX /s = 10 TeV
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Jets reconstruction performance

Jets reconstruction proceeds:

= Filter on time” calorimeter hits

= Combine track and calorimeter information to
reconstruct particles

= Use k; algorithm to cluster particles in jets

= Apply requirements to remove fake jets (max 0.7%)

= Correct energy

Resolution

b-jet P, resolution
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Heavy Flavor Jets Identification Performance
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