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hadronic calorimeter

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

¥ 30x30 mm? cell size;

® 75\,
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¢ 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.

heavily based on CLIC detector

superconducting solenoid (3.57T)

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 gm x 1 mm macro-
pixel Si sensors.

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

shielding nozzles

¢ Tungsten cones + horated
polyethylene cladding.



https://muoncollider.web.cern.ch/design/muon-collider-detector
https://muoncollider.web.cern.ch/design/muon-collider-detector

* BIB = muon beam decay and strike the detector

* Several main mitigation

* 10° tungsten nozzle to shield from beam decay products

* Precision timing information from detectors

arxiv:2105.09116

Wed morning

MDI session

Background hits overlay in [-360, 480] ps range Vs=1.5TeV
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FLUKA simulation of BIB before reaching the detector. _ Particle energy spectra with (Y) and without (N) nozzle. _


https://arxiv.org/abs/2105.09116
https://arxiv.org/pdf/2105.09116.pdf
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https://cds.cern.ch/record/2669540/files/ATL-PHYS-PUB-2019-014.pdf
https://cds.cern.ch/record/2285585/files/ATLAS-TDR-030.pdf
https://cds.cern.ch/record/2257755/files/ATLAS-TDR-025.pdf
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Dose comparable to full HL-LHC luminosity.
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RadiationSimulationPublicResults#Phase_II_Upgrade_Mar_2018
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Vertex Detector (VXD)
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https://muoncollider.web.cern.ch/tracking-detector
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* Goal is <1 % occupancy per pixel.
* Pixel size optimized to achieve this

* Precision timing also plays important role

* Needed for on-detector filtering (for readout)

* Need to be careful about slow particles

* Resolutions are approximated in
simulation using Gaussian smearing

Current Assumptions
Cell Size Sensor Time Spatial
Thickness Resolution Resolution
VXD 25umx25pum 50 uym 30 ps 5pmx5 pum
IT 50umx1mm 100 pm 60 ps 7 pm X 90 pm
OT 5S50pumx10mm 100 pm 60 ps 7 Um X 90 pm

No difference between barrel and endcap.



https://indico.fnal.gov/event/48798/contributions/213104/attachments/142225/179515/APS_talk_HWeber.pdf
https://indico.fnal.gov/event/48798/contributions/213104/attachments/142225/179515/APS_talk_HWeber.pdf

Work In Progress: Currently not part of common workflow

* Provides a more accurate description of hit clusters

* Provides a handle on BIB rejection .
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Single-p and BIB 374 %  30.7 %



https://indico.desy.de/event/28202/contributions/106244/attachments/67002/83204/MuCol_EPS2021_er.pdf
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Charge Particle Deposits Details
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Si I l AE —energy deposited in keV
» Two models for vertex modules l y: S

/Py

* Trivial (collect charge in pixel) —

* RD53A (complete simulation, ref)

) Sensor Pixelization/Digitization
* Hoshen-Kopelman for clustering

* Eval alternatives as future development

analog
threshold

| T

» Trivial: 100s / evt ot e

e RD53A: 50005/ evt

 Performance tested with full BIB

Preamplifier output

Clustering
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https://arxiv.org/abs/1710.02582v1
https://indico.cern.ch/event/1137010/contributions/4770573/attachments/2403930/4111845/MC-StatusDigitization-20220308.pdf

Global Hit Selection Conformal Transform Cellular Automaton Kalman filter
ie: timing or double layers circular tracks - straight lines  straight “lines” > tracks Track fit
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Credit: |. Kisel

Remove BIB hits

Pattern Recognition

Track Fit

Algorithm + code inherited from CLIC software.

aka optimized for clean e*e- environment



https://arxiv.org/abs/1908.00256
https://www.physik.uni-heidelberg.de/c/image/exp/f/highrr/Kisel_HD_12.04.2016.pdf
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~2 min/event [ + tight DL

* Region of Interest seeded tracking

* Directional information from double layers

* Require tight filtering for practical tracking

* Good track reconstruction once algorithm completes

N -
£ = E " = Single u* + BIB @ 1.
o IWW S.:;:_ e Trk in muon Rol, AR=0.05 g peraw
i o S P 0
0.8 —++++++ %_ W % T et e i p=100 G
I QESRUPL CRRPRESRSRRSC O P RO SUPRRC 00 PR s Skt coh S g
N BT gt R T P N Ui .- R
L —r— —— T . o T WP
——
0.4 B 10° . P, _'_._'_:_._. .........
E Trk in muon Rol, AR=0.05 si':liu;;i@'- E oy i 1 T WS .
(02 b e 107 = oo R
L —— 8=30 [ B
i +a= '—'—“‘"““—.—4-.-;_._'_.__._._'_._.
oL ' ‘ ‘ L Lyvyula l Lo By gy P oyy v g lgogal
0 20 40 s = b, Gev]° 10740 20 30 40 50 60 70 80 90



https://indico.fnal.gov/event/48798/contributions/213125/attachments/142222/179512/casarsa_MuonColliderTracking_APS2021.pdf

* Secondary vertex reconstruction possible with BIB

* Caveat: using a very loose hit filter ?1::0.12;— | |
: .. 01
* Work ongoing on multivariate tagger oosk
° . ° . 0.06
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https://iopscience.iop.org/article/10.1088/1748-0221/15/05/P05001
https://agenda.infn.it/event/28080/contributions/143431/attachments/84462/111783/Effect%20of%20the%20Double%20Layer%20filter%20on%20tracks%20from%20a%20B.pdf
https://agenda.infn.it/event/28080/contributions/143431/attachments/84462/111783/Effect%20of%20the%20Double%20Layer%20filter%20on%20tracks%20from%20a%20B.pdf

* ACTS is a standalone library for tracking algorithms
* Dedicated team working on advancing tracking algorithms
* Tracking is hard!
* Allows us explore alternate algorithms
* Triplet-based seeding optimized for high multiplicity environments
* Ongoing work to incorporate ML-based algorithms
* Code optimization come for free

* Good software is even harder than tracking!

* Also explores modern computing architectures (ie: GPU’s)

Fit Library Kalman Filter
Execution Time

ACTS 0.5 ms/ track

https://github.com/acts-project/acts



https://github.com/acts-project/acts

Global Hit Selection Seed Finding Combinatorial Kalman filter

ie: timing, * Initial parameters for CKF Track fit
107 * Seeding hity ™ * Seeding hity %]
| T ° Other hits | ° Other hits T
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* Currently not leveraging double layers.

Track Fit

Remove BIB hits Pattern Recognition

Similar algorithm used by ATLAS.
aka optimized for high hit multiplicity




* Seeded CKF runs in ~4 min / event.

* Parameters need to be optimized.

* Seeding: very narrow collision region

* CKF: No branching allowed
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https://agenda.infn.it/event/28080/contributions/143065/attachments/84463/111784/mcc-20210810.pdf

Electron Reconstruction w/o BIB
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Still need to study impact of ACTS
tracking on object identification.

+

e ﬁ%;} ﬂﬁ+ ?ﬂqi#ﬂﬂ mﬂ

$ il

o
©

_||1|I|I|I|||I|I|I|I||||IIJIIIIII

D +,
+ +
S +++

0.8

AGCTs:Jusl electrons

07 ACTs:Electrons and photons

-==+-- Conformal:Jus! electrons

* Electrons reconstructed as photons. 08~

+wm... Conformal:Electrons and photons

05

* Sculpting from fake reduction cuts

| 1 1 1 I | 1 1 | 1 1 1 | 1 | 1 | 1 1 1 | 1 | 1 | 1 1 1 I | 1 1
0 200 400 600 800 1000 1200 1400
Transverse momentum (GeV)

ACTS Looser Pa ra meters

04

Reconstruction efficiency

|co

T e T | £ e
08— it %j ..... %ﬁf% ............ ﬂjr _______________________________________________________________________________________ os;; | _
: FLH} i ﬁﬂﬁ Jﬁﬁ ! M. Casarsa F
0.6 o % ........ i ________________________________________________________________________________________________________ i az_.lr q_ 4 o T A
o.4f— --------------------- i ............................................. % L 07;_‘: + me l' | JﬂL ++ + +?+-+:++
: b s = ]
02— S —N:::>6 _________ ) e —|— ++ +
IS S ivsrwt GO sioowntt | I S

_IIII | S N A [ I I S [ N [N N A N B | | I I I N [N N N A [N N N AN A N N | - - ms:| [rsandphs; H : : H
gD 1 1 11 1 1 1 1
6 [deq] 0 200 400 600 800 1000 1200 1400
P, (GeV)



https://indico.cern.ch/event/1197844/contributions/5036256/attachments/2503735/4301427/IRIS-HEP%20final%20presentation_%20Ben%20Kuchma%20-%20Future%20Collider%20meeting.pdf

100k fake tracks / event

* reduce to < 1 fake [/ event

* Still missing a few handles

* %*, Nholes, timing

* Implemented as an
(unreleased) processor
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https://indico.cern.ch/event/1192812/contributions/5014587/attachments/2496257/4287253/IRIS-HEP%20Final%20Presentation.pdf

* TrackFilter optimized using evolutionary algorithms

Target efficiency Efficiency Number of fakes  Score
90% i \

Generation Generatien

* Studied a few fixed efficiency working points

* For <80% eff, start removing low pr tracks Eff WP Fakes/ event
. AT ——— wErEEw =R 90% 3900

b TR TR - T e
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https://indico.cern.ch/event/1192812/contributions/5014587/attachments/2496257/4287253/IRIS-HEP%20Final%20Presentation.pdf

DDPlanarDigiProcessor
* Hit filtering based on time

v

ACTSSeededCKFTrackingProc
* Track finding and reconstruction.
* ~100k tracks in output

A4

TrackFilter
* Cutson hits/holes/x?
* Independent of tracking processor
* New! Not released yet!

.

RefitFinal
* Needed to get track state at calo

MuonColliderSoft/ProductionConfig PR#9

Vertex Constrained Fit

>° Special collection for pT>X§

» TODO



https://github.com/MuonColliderSoft/ProductionConfig/pull/9

* Common way to compare the different tracking approaches

* Started a new package TrackPerf (unreleased)

regis rocessorParal
° ° o b
_matchProb,
* Functionality
registerInputCollection( LCIO::MCPARTICLE,

* Input: EVENT::Track collection

registerInputCollection( LCIO::TRACK,

* Output: all the histogram you would want e

)

registerInputCollection( LCIO::LCRELATION,

* Parameters of truth particles matched/not-matched/all

* Parameters of tracks matched/not-matched/all

* Resolution plots of all parameters .
* Configurable selection on truth particles
* Default: charged, decay in tracker, left tracker ai ’
* Option to filter for particles from b-meson decay (TODO) § | o] 8

 ROOT Ttree for custom studies (TODO) | -
Missing plotting scripts!



https://gitlab.cern.ch/berkeleylab/MuonCollider/TrackPerf/-/merge_requests/1
https://muoncollider.web.cern.ch/design/muon-collider-detector

* Tracking is most advanced part of object reconstruction
* ACTS allows practical track reconstruction with full BIB in
* Demonstrates we can meet the challenge with current computing resources

* Plenty of room for improvement (fake rejection, optimization)

* Sharing of common code, samples and reference results important!

Next big step:
* Reduction of BIB hits via realistic digitization

* Understand impact on object reconstruction and identification







Pattern Recognition Same inputs, same algorithm,

» Use hits associated to MC particle (100% efficiency) ___Putdifferent programmer.

e Same code for Marlin and ACTS A0 LIUEL | [E it e
ACTS 0.5ms/ evt
Track Fit ILCsoft 100 ms / evt
* Kalman Filter, but ACTS vs Marlin implementation
0 0'12_""""""""""""I""I""I""I'"'_ 1.0 -
§ - —— Truth Trk (Acts) . —
Lo —— Truth Trk (Marlin) ~ —
0.08 -
0.061 | - £ -
0.04[— - .
0.02J —: 0.2
i ] 1 Truth Trk (Marlin)
0_ L ol P W I W 1 Truth Trk (ACTS)
0 1 2 3 4 5 6 7 8 9 10 0.0 . . T - . 1:0
fo nDOF Muon pr [GeV]




N. Bruhwiler

Optimization with evolutionary algorithm

Chatain et al., Evolutionary Algorithms for Tracking Algorithm Parameter
Optimization for EPJ Web of Conferences, 23 August 2021

NHitsTotal = 0
NHitsVertex =0
Population of parameter sets —— 50 individuals: NHitslnner =0
NHitsOuter =0
¢ MinPt=10
Tournament — > Maximize score: Efficiency (weight = 1)

Number of fakes (weight = -1)

}

Mutate — Probability individual is mutated: 0.5
Probability parameter is mutated: 0.2

Repeat — 20 generations



https://indico.cern.ch/event/1192812/contributions/5014587/attachments/2496257/4287253/IRIS-HEP%20Final%20Presentation.pdf
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