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Why BIB mitigation?
Sergo's talk

https://indico.desy.de/event/45968/contributions/186428/attachments/97172/133678/IMCC_DetectorMDIResources_May2025.pdf
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Silicon detectors digitization
● Simplified digitization: simulated E deposit to reconstructed position from simple Gaussian smearing 

informed by expected resolution (DDPlanarDigiProcessor).

● Realistic digitization: real particle-material interaction and emulation of detector electronics response    
(MuonCVXDDigitiser). Information about individual pixel hits per clusters (reconstructed position). 
Helps in estimating actual data readout rates.

μ-gun μ-gun + BIB
→ BIB produces several particles in 

the forward region.
→ As a consequence, at any given 

energy, number of pixel hits per 
cluster can be much larger for BIB 
than signal.

(e.g. from 3 TeV MuCol geometry)

https://github.com/MuonColliderSoft/MarlinTrkProcessors/blob/67a301f83a332b57a0a9cb7391251c90f3383166/source/Digitisers/src/DDPlanarDigiProcessor.cc
https://github.com/MuonColliderSoft/MuonCVXDDigitiser/blob/71bd9f165d69434eb32ad6ac2fe9d7fb9b08d712/src/MuonCVXDDigitiser.cc
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Cluster shape analysis for BIB rejection
Using correlation between incidence angle and number of pixel hits per cluster to reject long clusters 
– characteristic of BIB particles from muon decays.

μ-gun μ-gun + BIB
(e.g. MAIA_v0 geometry, VXB Layer 1, sensor thickness = 50μm, y-pitch = 25μm)
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tanθ = 50μm/y
tan(0.5) ~ 0.5 = 50μm/y

y = 100μm
y/pitch ~ 4 pixels

Sensor thickness

Displacement along 
local y-dir.

BIB particles either have very short clusters at same angles as signal (due to low-pT particles) or 
excessively long clusters. In both cases, we can reject them to clean the tracking environment.

y
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Software & workflow
● Git repo - TrkHitsStudiesWorkspace

● Contains the mucol images and extra necessary libraries and configs in a self-contained environment to run detector 
simulation (ddsim) and realistic digitization (key4hep), followed by Cluster shape analysis for BIB mitigation.

● Finally, saving the modified collections output for running track reconstruction (ACTSTracking) later.

● Signal: Single muon gun sample, 0 < pT < 5 TeV, 0° < θ < 170°.

● Overlaying BIB and IPP backgrounds: EU24 lattice (v0.8)

● 10 TeV detector geometries: MAIA_v0 and MuSIC_v2.

https://github.com/spg-berkeleylab/TrkHitsStudiesWorkspace/tree/main
https://github.com/spg-berkeleylab/ClusterShapeAnalysis/tree/2ac2fc1462d05f5a14b8d810aa52460d5551afe7
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Results: Realistic digitization w/ MAIA_v0
2504.21417

Our setup (with 
realistic digitization)

(Hits = Clusters in simplified digitization)

https://arxiv.org/pdf/2504.21417
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Cluster shape cuts w/ MAIA_v0

With less than 5% loss of prompt signal clusters, we can 
cut down BIB clusters upto 20-30% from each layer of 
various subdetectors!(Preliminary simple cluster shape cuts)

Detailed selection in digi_steer_MAIAv0.py

VXB *VXE ITB *ITE OTB *OTE
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https://github.com/spg-berkeleylab/TrkHitsStudiesWorkspace/blob/main/configs/digi_steer_MAIAv0.py
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Very rough hit-rates w/ MAIA_v0

● In VXB layer 0, ~4000 hits/BX/cm2 (without BIB 
rejection) = 0.4 GHz/cm2 hit-rate (BX = 100 kHz)

● For a 25μm x 25μm readout ASIC (e.g. RD53B chip 
for ATLAS/CMS HL-LHC upgrade), results in 2% 
tracker occupancy (total 153600 pixels).

● After cluster shape cuts, new hit-rate ~0.1 
GHz/cm2 and 0.5% tracker occupancy (comparable 
to HL-LHC with PU=200)!

Thus, on-chip processing can reduce bandwidth 
requirements with timing and cluster shape cuts.
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Results: MuSIC_v2
Contribution #32 to 2026 ESPPU Update

Our setup (with realistic digitization)(Hits = Clusters in simplified digitization)

https://indico.cern.ch/event/1439855/contributions/6461432/attachments/3045800/5381709/MUSIC_ESPP.pdf
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...MuSIC_v2 cont’d

Good performance in vertex barrel & endcap for rejecting BIB (~same 
occupancy as MAIA). Not as effective in the inner and outer tracker, 
although occupancy is much lesser as compared to MAIA detector.

Detailed selection in digi_steer_MuSICv2.py
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VXB *VXE ITB *ITE OTB *OTE

https://github.com/spg-berkeleylab/TrkHitsStudiesWorkspace/blob/main/configs/digi_steer_MuSICv2.py
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Next steps

● Define better metrics to assess goodness of cluster shape cuts (for now only looking at 
fractional loss of clusters)

– e.g. improvement in tracking performance (efficiency, fakes, computation time).

● Using ML to have robust cluster shape cuts (training features: total hits per cluster, cluster 
size in x & y, angle, timing, layer information, energy deposited..)

● Study the impact on displaced signal processes and/or busier environment (e.g. H→bb).
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Other ongoing work for BIB suppression

● Playing with active sensor thickness, to look at cluster shape 
differences in signal vs BIB. 

Furthermore, changing FE threshold will help in discarding 
smaller digitized signals from BIB.

● Using time of arrival information for rejecting overlapping hits 
on same pixel in same BX (in-pixel PU).

VXB layer 0 in MuCol_v1
3 TeV geometry
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Questions ? :)
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Extra: Hit density with MuSIC_v2


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14

