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Introduction & workflow

e Software framework needed to study the environment created by the high energy electron or photon
collisions along with their background radiations.

e Important to come up with a proposal for the detector layout as well as the required technology
needed for wakefield-based colliders.

e Using the latest WarpX beam-beam simulation as input, provided by A. Formenti

o Includes incoherent and coherent pairs production, beam-beam as well as beamstrahlung
e+/e- and photons

o Missing hadron photoproduction (YY—qq) for now

i Running Detailed detector
WarpX t
(er:Ser;gguto GEANT4-based electronics response &
LCIO format) detector simulation particle reconstruction
(ddsim*) (Key4hep*)

*python-based steering application *collaborative software stack for future
for running GEANT4 for full detector high energy physics experiments,
simulation within the based on DD4hep detector description,
AIDASoft/DD4hep framework, a highly thread-safe Gaudi-algorithms

complete solution for high-energy X
physics detector description, (taken from Muon collider software

geometry, and simulation. framework slides) and EDM4Hep event
' data model



https://arxiv.org/pdf/physics/0306114
https://www.google.com/search?q=AIDASoft%2FDD4hep&client=ubuntu-sn&hs=YRL&sca_esv=f6b88a89bb20681d&channel=fs&sxsrf=ANbL-n5TxVkjgkGszZrgdZSQnFiYMzeRDw%3A1772032001280&ei=ARCfaePKEKqc0PEPkdfZsAg&biw=1854&bih=1083&ved=2ahUKEwiZrc7X9fSSAxWCHjQIHY7YNEcQgK4QegQIARAC&uact=5&oq=ddsim+gdd4hep+git&gs_lp=Egxnd3Mtd2l6LXNlcnAiEWRkc2ltIGdkZDRoZXAgZ2l0MgUQIRigAUjRK1CAAVjwJnAEeACQAQCYAeACoAGNF6oBCDAuMTQuMi4yuAEDyAEA-AEBmAIUoAKbFcICBxAAGLADGB7CAgsQABiABBiwAxiiBMICCBAAGLADGO8FwgIEECMYJ8ICCBAAGIAEGKIEwgIGEAAYFhgewgIFECEYqwLCAgcQIRigARgKmAMAiAYBkAYFkgcINC4xMy4xLjKgB7pFsgcIMC4xMy4xLjK4B_oUwgcIMC40LjEzLjPIB26ACAA&sclient=gws-wiz-serp
https://www.google.com/search?q=AIDASoft%2FDD4hep&client=ubuntu-sn&hs=YRL&sca_esv=f6b88a89bb20681d&channel=fs&sxsrf=ANbL-n5TxVkjgkGszZrgdZSQnFiYMzeRDw%3A1772032001280&ei=ARCfaePKEKqc0PEPkdfZsAg&biw=1854&bih=1083&ved=2ahUKEwiZrc7X9fSSAxWCHjQIHY7YNEcQgK4QegQIARAC&uact=5&oq=ddsim+gdd4hep+git&gs_lp=Egxnd3Mtd2l6LXNlcnAiEWRkc2ltIGdkZDRoZXAgZ2l0MgUQIRigAUjRK1CAAVjwJnAEeACQAQCYAeACoAGNF6oBCDAuMTQuMi4yuAEDyAEA-AEBmAIUoAKbFcICBxAAGLADGB7CAgsQABiABBiwAxiiBMICCBAAGLADGO8FwgIEECMYJ8ICCBAAGIAEGKIEwgIGEAAYFhgewgIFECEYqwLCAgcQIRigARgKmAMAiAYBkAYFkgcINC4xMy4xLjKgB7pFsgcIMC4xMy4xLjK4B_oUwgcIMC40LjEzLjPIB26ACAA&sclient=gws-wiz-serp
https://github.com/key4hep
https://indico.cern.ch/event/1572268/contributions/6623882/attachments/3108616/5509975/S.%20Ferraro--MuC_To_Key4HEP.pdf

Software setup

e Fully containerized! One stop repository for everything: https://github.com/wfa-detector
e Docker image (with all the necessary libraries for entire workflow) available to download “docker pull
angirar/wcd:main-gaudi-alma9”
e Starting a docker container or shifter container with docker image, instructions here:
wcd-gaudi-docker
e To convert WarpX beam-beam output to LCIO format: WarpX_to_slcio.py
o  Simple script to plot 4-vec of initial beam-beam particles: plot_mc_particles.py
e Workspace to perform detector R&D studies (simulation, detector digitization & reconstruction):
WakefieldBeamStudiesGaudiWorkspace
o Setup instructions and steps to run provided in README
o Need detector description (next slide)



https://github.com/wfa-detector
https://github.com/wfa-detector/wcd-gaudi-docker
https://github.com/wfa-detector/WakefieldBeamStudiesGaudiWorkspace/blob/main/scripts/WarpX_to_slcio.py
https://github.com/wfa-detector/WakefieldBeamStudiesGaudiWorkspace/blob/main/scripts/plot_mc_particles.py
https://github.com/wfa-detector/WakefieldBeamStudiesGaudiWorkspace
https://github.com/wfa-detector/WakefieldBeamStudiesGaudiWorkspace/blob/main/README.md

Initial detector geometry

e  Starting point: ILC SiD (03_v02) beam pipe (2.45 cm) + vertex + tracker detector, immersed in 5T field from solenoid; ECAL
+ HCAL + Muon detector from MAIA_vO
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| arxiv:2502.00181
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Solenoid | Barrel 150.0 — 185.7 230.7 Al
ECAL|Barrel 185.7 — 212.5 230.7 W + Si
Endcap 31.0 — 212.5 230.7 — 257.5 W + Si
20} * HCAL | Barrel 212.5 —411.3 257.5 Fe + PS
Endcap 30.7 —411.3 257.5 — 456.2 Fe + PS
. , Muon Detector |Barrel 415.0 — 715.0 456.5 Air + RPC
L Present in the works pace: Wakefield vO Endcap | 44.6 - 715.0 45656025 |Air + RPC



https://arxiv.org/abs/2502.00181
https://arxiv.org/pdf/1306.6329
https://github.com/key4hep/k4geo/tree/main/SiD/compact/SiD_o3_v02
https://github.com/key4hep/k4geo/tree/main/MuColl/MAIA/compact/MAIA_v0
https://github.com/wfa-detector/k4geo/tree/e1b28c94815d5d5c49768ad3a5b01a816d1bada5/Wakefield/compact/Wakefield_v0

Preliminary results



Particle-level distributions: Beam-beam background from WarpX
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Number of electrons = O(e11)
Number of positrons = O(e11)
Number of photons = O(e12)

(No selections applied)



Particle-level distribution - Incoherent pairs from WarpX
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With detector fiducial cuts...
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Very few incoherent pairs left after pT, eta cuts

Number of electrons = O(e6) (with mean of pT ~ 20-30 MeV).

Number of positrons = O(e6)
Number of photons =0



Particle-level distributions - Coherent pairs
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From WarpX:

Number of electrons = 9.3e8
Number of positrons = 9.5e8
Number of photons = 1.2e11
(includes other beam-beam particles,
not only CPP)

10



Detector simulation
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Using GEANT4 based simulation of the
detector via DD4HEP.
Initial geometry well-reproduced.
Some extra simulated hits seen in
between the tracker layers, and also
around z=0, probably from failed
conversion to detector cell ID

o Will debug this
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Detector-level detailed modeling (digitization)
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Using DDPlanarDiqgi to simulate the

response of tracking detectors,

specifically silicon-based planar

Sensors.

Transforms simulated energy deposits

from Geant4 (with position & energy

information) into digital, reconstructed

hits via gaussian smearing based on

expected resolution of the detector.

o  Some issue with translating

surface position in tracker
barrel layers, debugging this

More realistic detector digitization
model (MuonCVXDDigitiser) with
pixel-by-pixel level energy map will be
available to run soon !
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https://github.com/MuonColliderSoft/k4Reco/tree/main/k4Reco/DDPlanarDigi
https://github.com/spg-berkeleylab/MuonCVXDDigitiser/tree/9619a34f03e1f7a798b322a8c65aad95c4a9da41

Conclusion

e Software pipeline to analyze WarpX output and perform detector R&D studies for 10 TeV
wakefield-based collider is in place now: wfa-detector
o  Should add documentation in https://10tev-wakefield-collider.github.io/ ?
e This helps us in initial validation and gaining an understanding of the collision environment by
looking at:
o Individual (macro)particles
o Interaction with detector material (GEANT4)
o Interaction with detector electronics
e Developed initial detector geometry based on ILC SiD tracking with 5T magnetic field and
calorimetry from 10 TeV muon collider detectors (included in the workspace)
o Need to explore for benchmark signal scenarios as well (e.g. disappearing tracks)

e Plenary talk at ALEGRO 2026 on more detailed detector studies next week (link)
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https://github.com/wfa-detector
https://10tev-wakefield-collider.github.io/
https://agenda.infn.it/event/47329/timetable/?view=standard#14-detectors-for-10-tev-collid

