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Beam-induced background
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Muon decay longitudinal distance
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BIB properties

« Large number of particles (~4 108)
* Low momentum
« Broad arrival time in the detector (few ns for e and y, few us for n)
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1.Beam-Induced Background




BIB properties

« Large number of particles (~4 108)
* Low momentum
 Broad arrival time in the detector (few ns for e and y, few us for n)

\—» Time information from detectors useful for BIB suppression
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2.Detector @3TeV

&=| N.Pastrone Muon Collider detectors in the ECFA/US detector R&D roadmap
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3.1.Physics objects reconstruction: tracks

BIB In the tracker system

BIB particles generate ~500 000 hits in the most inner layer of the tracker

Detector Hit Density [mm™2]
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Track reconstruction approches €| AGiancle ¢ P Andrectto

Software & Infrastructure

@ conformal tracking (CT) @ combinatorial Kalman filter (CKF)
developed for electron-positron colliders hadron colliders
implemented in ILCSoft A Common Tracking Software (ACTS)

time to reconstruct _
a single event two weeks four minutes

strategy: reduce the input hits

* Region of Interest
» double layer filter

3.1.Physics objects reconstruction: tracks




3.1.Physics objects reconstruction: tracks

()cCT

- Region of Interest: only hits within a cone of AR =0.5 around the signal muon
* double layer filter
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@ CT BIB

* Region of Interest
» double layer filter
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3.1.Physics objects reconstruction: tracks

(2) CKF in ACTS

seeds formed from hit triplets in the four layers of the Vertex Detector: ~150000 per event

Possible strategy under study
seeding from the Outer Tracker + track extrapolation towards the centre
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3.1.Physics objects reconstruction: tracks

(2) CKF in ACTS

Fake tracks ~100, 000 per event

e Low momentum
 Small number of hits

Vs = 1.5 TeV BIB overlay Vs = 1.5 TeV BIB overlay
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In a single bunch crossing

BIB (y+n) in the calorimeter Energy deposited by BIB
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Electron reconstruction
ECAL clusters (hits energy > 5 MeV) matched with tracks (DL+CKF) if AR <0.1
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3.2.Physics objects reconstruction: electrons




Photon reconstruction

ECAL clusters (hits energy > 2 MeV)
matched with generated photons if
AR <0.05
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3.2.Physics objects reconstruction: photons




Photon reconstruction with CRILIN for ECAL barrel

Semi-homogeneous calorimeter ° Cell: 40 mm PbF2 + 3 mm SiPM + 1 mm electronics + 1 mm air
« 21.5 X0
* Integration time = 25 ns

==
oo

9 = E R T T ! 7
E’ 16 &= _ E 100 — * * —
A - 1 > B i
% 14 & Photons 6=1.57 — % ol ><// o ;
B 12 :_ —— W-Si EPJC _: ‘§ : —e— W-Si EPJC :
- —e— CRILIN 1 & B —e— CRILIN i
10 - 4 @ 60 B
8 E E a0k i
Z 6 — B i
] u . _ i
o 4 = 20~ B
@) - ] L |
S 2 E 0 B A T B B A
S 0 0 50 100 150
2 E. [GeV] Epe [GeV]
140 true ruc
® %E /o Number of fake
(q0) -
:E’ VE e Crilin ~0
— L. Sestini /mproved calorimeter reconstruction at Muon Collider « W-Si ~60
g https://indico.cern.ch/event/1274190/contributions/5351484/



3.3.Physics objects reconstruction: jets

Jet reconstruction

Goal separate W and Z in dijet channel
(3-4% jet energy resolution for p, >100 GeV)

Procedure

* Tracks reconstructed with CKF

calorimeter hits selected (hit time window +
energy threshold — 2 MeV)

PandoraPFA algorithm for particle
reconstruction

Particles clustered into jets with k, algorithm
Fake jets removed
Energy correction applied
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\/_ 3 TeVy* u collisions, \/_ 1.5 TeV BIB overlay

Muon Colllder

Simulation - b-jetS
—fake jets

Fake jets ~13 per event

—

 Number of tracks is the most discriminating criterium
(at least 1)

Fake rate is well below 1%

Fraction of jets
3

—
<
N

_
<
[eN]

1 20
Jet track multiplicity

D s=3 TeVu W coII|5|ons (s=1.5TeV BIB overlay is = 3 TeVp*u collisions, \'s = 1.5 TeV BIB overlay

o 2105 3 —— T T T
s s 1f 1 ——4 8 09 —y
6 $o095F +__=’='_—:—;‘:_— T4 % os T

7 6§ 09F | T —+—4 § o7 .

c B F —— 1 5 Muon Collider

S 9©085F—— 4 9 o6 . .

2 8 qf 1 o & Simulation

*8 9 | é_ Muon Collider —F— b-jets _é E 0.5

% 0.75 = Simulation —F— cHets 3 04

8 0.7 044<6<270rad + hght ets - 0.3

O 05— 1 .+ . ' - m BN P B P
2 o0 100 150 200 05 1 1.5
5 True jet p_[GeV] True jet 6 [rad]
™




Momentum correction
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Performance
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3.3.Physics objects reconstruction: jets

Jet identification

b-jet identification algorithm relies on the
reconstruction of the secondary vertices

Procedure

* Primary vertex finding: tracks reconstructed
with CT+DL

* Tracks selection for secondary vertex finder
« Secondary vertex finding
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Vs =3 TeV u*u collisions, Vs=1.5 TeV BIB overlay
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BIB (y+n) In the muon system

« Concentrated in the endcap around the beamline
* Low occupancyv with respect to tracker and calorimeters
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Vs=1.5TeV BIB overlay
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@ Standalone + CT in+<—— out

Muon Collider Preliminary 12° < 6 <168°

Mo
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a. muon hits clustered inside a cone with
angular aperture AR (selected value =
0.02)

b. standalone muon track created if there
are hits at least in b layers

c. reconstructed hits in all tracker
subsystems filtered (ROI)

d. CT algorithm applied
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3.4.Physics objects reconstruction: muons
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%10~ Vs=1.5TeV

Performance
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Conclusions

* BIB is one of the biggest challenges at a Muon Collider
* Physics object reconstruction performance obtained up to know are very satisfactory
* A lot of work is still in progress

Lesson learned from ECAL

Effort made in optimizing the detector results in better performance

The results presented - unless otherwise specified - are published in
arXiv:2303.08533 7owards a muon collider

4.Conclusions and perspectives




Thanks for your
attention
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