First look at 10 TeV
Incoherent pair production

Federico Meloni (DESY),
with many thanks to Daniele Calzolari, Daniel Schulte and the MDI group for the inputs

Physics and Detector simulation and MuCol WP2 meeting, 28/05/2024
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Tracker layout in “MuColl_10TeV_v0A”

Reminder of the most important change

Greatly improved tracking software (based on the ACTS library) made the double
layers redundant

» Barrel region of vertex detector revised keeping only one double layer pair
» Endcaps also need re-optimisation (future work)
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Incoherent pair production inputs

Study based on:

» preliminary set of predictions from
GUINEA-PIG+FLUKA (1 full BX)

Important FLUKA features:
* hard edge 5T field

Many thanks to the MDI group and in
particular Daniele and Daniel for the
inputs and instantly (!) replying to all
questions
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Simulation inputs
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Incoherent pair production sanity checks
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Checking that the origin is distributed as

expected

* Transport looks ok

GUINEA-PIG + FLUKA simulation Vs=10TeV
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Additional distributions (electrons)
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Incoherent pair production
Workflow

GUINEA-PIG+FLUKA stored in a

similar format as BIB files Generator or _ g—
H . . . particle gun i bl Bl
(i.e. minus the information on the inputs simulation

muon decays)

FLUKA Clone particles Overlay and mix
sub-events 4 withrandom phi _/ = S (random files to
(1/10 of a Bx) (>10) get to 1 BX)

Prepared: GUINEA-PIG FLUKA
events transport [l smantion md OVerlay
« Conversion scripts
 Overlay machine Digitsation
y ry Reconstruction

* Processing pipeline

Everything seems ok so far
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Digitisation

Used C. Sellgren / S. Pagan Griso’s
realistic digitiser (see talks here and
here) to digitise tracker response.

“Default” configuration from Chris’

github repository
Ran on top of

infnpd/mucoll-ilc-framework:1.7-alm
alinux9

Actual mix of processors listed below:

name="VXDBarrelRealisticDigi"
name="VXDEndcapRealisticDigi"
name="InnerPlanarRealisticDigi"
name="InnerEndcapPlanarDigiProcessor"
name="0QuterPlanarDigiProcessor"
name="0QuterEndcapPlanarDigiProcessor"

processor
processor
processor
processor
processor
processor
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processor name="VXDBarrelRealisticDigi" type="MuonCVXDDigitiser"

parameter
parameter
parameter
parameter
parameter

parameter

xelL
parameter
parameter

parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

parameter
parameter

parameter

parameter

parameter
parameter

parameter

parameter

parameter

parameter
processor

name="Diffusion" type="float"> 0.07

name="Verbosity" type="string"> MESSAGE parameter
name="CollectionName" type="string"> VertexBarrelCollection parameter
name="0utputCollectionName" type="string"> VBTrackerHits parameter
name="RelationColName" type="string"> VBTrackerHitsRelations parameter
name="SubDetectorName" type="string"> VertexBarrel parameter

name="StoreFiredPixels" type="int"> 1 parameter:

name="PixelSizeX" type="float"> 0.025
name="PixelSizeY" type="float"> 0.025 parameter:

parameter:

name="Threshold" type="float"> 500 parameter
name="ChargeMaximum" type="float"> 15000.
name="ThresholdSmearSigma" type="int"> 25 parameter:

parameter:

name="DigitizeCharge" type="int"> 1 parameter
name="ChargeDigitizeNumBits" type="int"> 4 parameter
name="ChargeDigitizeBinning" type="int"> 1 parameter
name="DigitizeTime" type="int"> @ parameter:

name="TimeDigitizeNumBits" type="int"> 10
name="TimeDigitizeBinning" type="int"> @
name="TimeMaximum" type="float"> 15.0
name="TimeSmearingSigma" type="float"
name="ElectronicEffects" type="int"> 1
name="ElectronicEffects" type="int"> 1
name="ElectronicNoise" type="float"> 80 parameter
e N ——— . cp

parameter
parameter

parameter
0.05
parameter

parameter:
parameter

name="TanLorentz" type="float"> 0.8 parameter
name="TanLorentzY" type="float"> 0.0 parameter:

on s ) yllected 1

name="PoissonSmearing" type="int"> 1 parameter:

name="CutOnDeltaRays" type="float"> 0.030 parameter:
ion coefficient. defined n

= on

parameter

name="SegmentLength" type="float"> 0.005

parameter
name="EnergyLoss" type="float"> 280.0 parameter:
name="MaxEnergyDelta" type="float"> 100.0 parameter:
21U ¢ ) I ¢

name="MaxTrackLength" type="float"> 10.0 parameter

name="ElectronsPerKeV" type="float"> 270.3 parameter:


https://github.com/MuonColliderSoft/MuonCVXDDigitiser/tree/master
https://indico.cern.ch/event/1319057/contributions/5550305/attachments/2704641/4694991/MuC%20Collab%208_29.pdf
https://indico.cern.ch/event/1328814/contributions/5592732/attachments/2722205/4733555/MuC%20Collab%209_26.pdf
https://github.com/chrissellgren/MC_configs/blob/master/config.xml

Tracker occupancy from incoherent pairs

Background hits overlay in [-0.5, 15] ns range Vs=10 TeV
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| Vertex Detector | Inner Tracker | Outer Tracker

Cell type pixels macropixels microstrips
Cell Size 25pm X 25pum | 50pm X 1mm | 50pm X 10 mm
Sensor Thickness 50 pm 100 pm 100 pm
Time Resolution 30ps 60 ps 60 ps
Spatial Resolution Sum X 5um Tpm X O0pm | 7pm X 90 pm
Background hits overlay in [-0.5, 15] ns range Vs=10 TeV
| 1 | | | | | | —
oYX0 =30 ps ; ; ]
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10 TeV BIB only

10° w/ old digitiser.
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average occupancy in endcaps does
not capture the (important) radial dependence

Beware, y axis
scale is different
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Tracker endcap radial dependence

Background hits overlay in [-0.5, 15] nsrange s =10 TeV

'§150_' e ey (30 Background hits overlay in [-0.5, 15] ns range Vs=10 TeV
£ r Vertex Endcap Layer 3 ] £ 450 ! ! ' ! ! ' ' ! =
> B i = ;Ih Vertex Endcap Layer 3 -
100— - —125 12 - .
- ] 2 400 —
- i 5 - H B o time window =
C ] 5 350§l N —
50— —{ 2o -g o -““ Time window [-8 6, 50,] J
- j 3 300/~ g y =
- - o F a ]
- ] S 2500 E
o ° s F " ]
- § < 200F 1 =
—50:— —: 10 150 f— 1 —E
- - 100 . =
-100+ —B=5 H " 3
- - 0 W E
B : _I 1 ) | | | T | [ o) sy | | 1 (| | L1 11 | A | | L1101 I S Y [ | F-i 1 J:

-15 Lo v v b v b v b gy 0 %O 40 50 60 70 80 90 100 110 120

—q 50 -100 -50 0 50 100 150

Endcap radius [mm]
X [mm]

The region closest to the nozzles has a much higher occupancy than the rest of
the endcap disk

» Most of the track reconstruction time is also spent here
» Showing here Vertex Endcap layer 3 (peak of BIB contribution)
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What about the z dependence in the barrel?

Background hits overlay in [-0.5, 15] ns range Vs =10 TeV
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Sizeable occupancy throughout most of the barrel layer

« May require online filtering (previous projections already were assuming
tighter window with max 1ns in this region)
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https://indico.cern.ch/event/1250075/contributions/5349852/attachments/2669376/4626769/Towards_a_10TeV_detector_proposal%20(1).pdf

Summary

First look at new incoherent pairs dataset. Focus on:

* Truth-level distributions
« Tracker occupancy

Important to monitor hot spots and general fluence in trackers to determine the
technological R&D targets

Tested pipeline to overlay and analyse incoherent pair production

Next steps:

- Attempt at digitising BIB+incoherent pairs
« Actually run tracking
» Study occupancy from incoherent pairs vs magnetic field
* Agreed with Daniele to get dedicated samples with B = 0-4T
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Thank you!



Tracker endcap radial dependence

Background hits overlay in [-0.5, 15] nsrange Vs =10 TeV
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The region closest to the nozzles has a much higher occupancy than the rest of
the endcap disk

« Causes an hotspot close to occupancy target
» Most of the track reconstruction time is also spent here
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