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Phase 2 Upgrade and ECAL
spikes




Overview of Phase 2 ECAL Upgrade

« ECAL (current):
* Measures e”/y energies

« ~76k PbWO, crystals (barrel +
endcaps), read out by APDs/VPTs

* Wide dynamic range: 50 MeV-2 TeV

* Upgrade:
* PbWO, crystals + APDs in EB remain

* Endcaps replaced by HGCAL

* Upgraded readout electronics:
new L1T requirements: 100kHz -
750kHz, 4us >12.5pus, higher PU

* Target: Maintain Phase 1
performance despite aging
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ECAL spikes

* Spikes - large apparent energy deposits within
the APDs, result of direct ionisation of APD
material (usually isolated to a single crystal) by a
highly ionizing particle, during LHC collisions
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e Often satisfy the conditions for triggering
electrons and photons in CMS

 Above 10 GeV ECAL hits are dominated by spikes
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e |f untreat ike rate woul turate the LT
bandwidth of 750 kHz (> 1TMHz at 20 GeV)

* Toreduce the rate of spikes to a negligible level 1 - H1o - H102

(<1 kHz above 20 GeV) require spike rejection E; (GeV)
efficiency >99.9%

Expected rate of events with (PU) = 200 for Phase-2 with ECAL energy
deposits above specific E; thresholds after 300, 1000, 3000, and 4500
fb™1 with no spike mitigation. [1]
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This talk

* Study performance of proposed Phase-2 spike killing algorithms with final ECAL Phase-2
electronics

* Use test beam data to provide samples of electrons and spikes (the latter from direct
ionization of the APDs with a pion beam)

* Understand how well spike killing algorithms perform both in isolation and together

* Find optimised thresholds for the algorithms to obtain the desired spike Kkilling
performance

 Caveat: test beam environment is different (more challenging) to what is expected in CMS
- the spikes and EM signals always occur in the same region of the detector (defined by the
pion beam spot). The final performance will be evaluated using MC simulations of the full
detector, tuned with inputs (pulse shapes) derived from test beam data.
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Test Beam setup

08/04/2026 J. Gajownik  10P Joint APP and HEPP Annual Conference 2026




Test Beam Setup (2025, SPS H4)

« Setup: full supermodule (1/54 of ECAL

barrel) with 400 channels equipped with HODOSCOPES MCP
Phase-2 electronics, 5x5 crystal matrix e* BEAM 1 i ¥
readout - - - - -H-UQ-H— —QH->

* Beam: e/m, 25-300 GeV, AE/p = 0.5% SCINTILLATORS VFE adapter
(very pure) A | 5 A

* Instrumentation:
* Hodoscopes > position (o= 150 upm)
* MCPs~>timing (o =15 ps)

* Readout Electronics: Phase-2
electronics, Final FE + VFE chain (CATIA +
LITE-DTU)

 Goal: validate full Phase-2 system
performance
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Spike-killing algorithms
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Algorithms overview:

LD (linear discriminant) - exploits
different pulse shapes of spikes and

* Swiss Cross (topology) - based on ratio EM signals
between energy in central crystal and « Formula: ID=R.-Y.p xR where:
sum of energies in the 4 adjacent crystals o .
: Eq R-=" + Re=
* Givenby: Dayigs = 1 = Ey’ and a,— sample centred on the
maximum,

* less than ~0.9 for EM signals,

. BH El EH E4 . .
approaches 1 for spikes p: — weights retuned for this TB data
* For signal LD~0, for spikes LD<0
Private work (CMS data) Private work (CMS data)
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Swiss Crossvs LD

All events: Swiss Cross vs LD _ All events: Swiss Cross vs LD _
A>100 Private work (CMS data) Rua39550 A>100 Private work (CMS data) Rua 20057
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Broad “flat-top” events

saturating the ADC,
EM and various spike-like regions are marked by the lines also seen in 2021 TB

threshold cut values are not optimised here
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Method
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Efficiency Definition & Optimisation Strategy

Event Selection & Metrics:

* Quality Cuts:
* Spike selection:
* Reconstructed 5x5 energy > beam energy

* Signal pulse has an underflow afterthe peak -
characteristics of spikes

* Efficiency definitions:
events - mistagged spike candidates

Method & Optimisatioon

* Signaleff. (e7) = events

tagged spikes
all spikes

 SKeff. ()=

* Target performance:
* 299.9% spike-tagging efficiency
* =2 % signal loss

* 1D parameter scan

* Scan parameters:
« SC€[0.7,0.99]
« LD€[-0.3,0]
» Study performance of each algorithm in
the given parameter range

* 2D parameter scan:
* Parameters:
« SCE[0.8,0.95],LD €[-0.2,0]
* Use OR logic

* Select combined thresholds to optimise
signal and spike efficiency

Test beam limitation: spike & EM shower are more concentrated - reduced performance of Swiss Cross vs real CMS conditions
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Performance of Spike-Killing Algorithms

Electron
LD efficiency scan .
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LD:
 Acceptable signalloss for LD <~-0.03
* Spike rejection limited to 95% by presence of
saturated events (effective energy >1.5 TeV) (back
up)
 Ifthese are removed, efficiency reaches desired
99.9% level

* Swiss Cross:
* Acceptable signal loss for SC >~0.84
 Spike rejection limited (~90%) because spikes are
not normally isolated in the test beam data
* Not affected by saturated signals
> Neither algorithm alone meets SK requirement

Key takeaway

e Combination of SC + LD is required to obtain desired
performance in test beam data

e Saturated events limit performance in test beam

e Saturationin CMS is rare, but possible -> willuse MC
to assess

Plots shown: non-saturated events for LD (more representative); SC unaffected
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2D Optimisation

Electron

Swiss cross || LD efficiency scan
Private work (CMS data)

Region of 100%
signal efficiency
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 Simultaneous optimisation of Swiss Cross and LD
* Required SK threshold of >99.9% reached in the large section of the pion plot
* Signal efficiency of >98% also can be reached within that region

e - DN Ision: the optimised OF
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2D Optimisation summary

Swiss cross || LD efficiency scan
Private work (CMS data)

Pions (>99.9% eff)
== Electrons (=98% eff)
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1 - SK Efficiency

Private work (CMS data)
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The contour plot on the left, shows the overlap of the
required efficiency regions:
« The magenta contour shows the signhal efficiency
>98% calculated from the e- sample

* The shows the spike-killing
efficiency of >99.9% for the pions
The region between th two curves fulfils th
I mmen fficien riteri

The optimal Swiss Cross values are in-line with findings
from a 2021 test beam run (top plot); the optimal LD
values shifted to a less-negative region due to a change in
pulse shapes in comparison with 2021
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Conclusions & next steps

* Spike killing efficiency measured in ECAL test beam data - best
performance obtained using combination LD OR SC - both algorithms
are needed

* Spike killing efficiency >99.9% and signhal efficiency >98% can be
simultaneously obtained by optimising the cuts

* Improve by using additional tagging criteria to access more spike-
candidate events

* Future TB aims to investigate lower energy spikes

* Check and validate performance in simulation at 200PU using
existing spike simulation and updated pulse shapes measured from
2025 test beam
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Thank you for your attention
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Back up
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Pulse shapes

Spike pulse EM pulse TDR result
Digi ADC vs sample: Run_20037_Spill_37_Evt_70_Chan14 Digi ADC vs sample: Run_19329_Spill_2_Evt_146_Chan12 S s ' ' 1 = APD spike |
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Pulse shapes from APD spike and scintillation signals.

The amplitude samples from digitization with 160 MHz
sampling frequency are shown as dots. [1]
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LD efficiency scan — all events

Pion — all events

LD efficiency scan
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