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DisclaimerQurrent baseline options foa L1 Track Triggeare all based on Outer
Tracker modules and not the HHHC pixedystem. This is work in progress on the
study of the potential of a L1 Pixel Trigger included in the context of the L1
Trigger for Phase 2 upgrade in CMS atHLC.



Introduction

A The current Level Trigger at CMS
I Maximumbandwidth of 100 kHz and latency of 4réec
I Electron/Gamma, Tau, Jet based on calorimeters
I Muonreconstructed bymuonchambers
I No tracking information atevetl

A The High Luminosity LHC {EHIC) conditionare characterized by:

i Instantaneous luminosity of 310°** cnr $ ‘and 140 average P#eap (PU) events
I Large increase in the rates of the physics processes

A The mairgoal for the L1 trigger of CMS Ph&sdpgrade:

I Maintain or even improve the overall physics potential despite the challengibdHBL
conditions by:
¢ Avoiding the increase of the triggdmresholds
¢ Refiningthe selection ophysicsobjects atl 1

I Maximum bandwidth o750kHz and latency df2.4nsec

A The L1 Track Trigger for Phase 2 Upgrade 4Hd: a new L1 key element

I SeltseededL1TrackTrigger based on LQuter Tracker:
¢ Reconstrucwithp;22GeM r acks”
¢ Identify z positionalong beam pipe within Imm.
I Feasibilityand performances studidsr the L1 Pixel Trigger:
¢ Howthe pixelscanfurther improve some features dhe L1Track Triggeof CMS.



Motivation

A Improvementof some features of th& 1 TracKrigger:
I Higher precision of the vertexesolution at L1

I L1 electron trigger by matching L1 EM calorimeter tower with pixel hits:
¢ Helps Improving fake electrons rejection
¢ Keepshigh efficiency irthe highn region
I L1lb-tagging by combining L1 track with pixel hits:
C Increases the chances iggeringon veryrare physicgprocesses with {pets in final
stateat HI-:LHC as for example:
o0 Higgs paiproduction
o Higgsproduction in associatiowith atop quark pair

A High selection capability for events from lamass processes

I Retain good efficiency for Higgs decay products
¢ Precision measurement of the Higgs coupling and its properties

I New physics searches
C SUSY and Dark Matter
¢ Rare decaysin B PhysiBs.-~ @ ¢~ 4 K’ s
c Lepton Flavoruy’s8iolation: 1 - 3
¢ Long Lived Chargegghrticles



Simulation framework
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Plxels In use for the feasibility studies

A Feasibilitystudies: basedn the current Phas@ CMS simulatioframework with:
I The L1 Outer Tracker as based on the flat barreleamtttapgeometry design (not final design)
I The Phase Bixel Detector 4 barrel layers & 3 disksxels (i.e. not including the very forward disks)

i The Phasé calorimeters:
¢ Tower leveEMcluster(not singlecrystal)
¢ L1 jetreconstruction based omwmarsecalorimetergranularity

I It provides dirst good handle othe detector and trigger performancgotentials for Phase 2 although
underestimatinghem.

A New detailed simulation with final Phase 2 features igrgparation in CMS.
I SeeGeorgA u z i najkdor Upgradeof the CMS Tracker for thel-LHC



L1 Pixel Trigger strategy for electron

A Electron identificatiorwith the L1 Pixel Trigger:
I Trigger strategy: seed by the L1 EM calorimeter
I Matchingthe pixel trackwith the L1EM clustelin the regionof Interest

I Pixel track matching algorithm developed for betlectronandpositron in
Df andD' signalwindows

¢ Defined 3 signal windows as a function bl e/gtransverse energy Jeusing
singleelectron gunsample.
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Performances of simulated IPixel Trigger: electrons

A L1single eftrigger E threshold: lowered from 3%eVto 20 GeVat 30kHz
I Overall trigger rate reduced by a factwir~10 (using eithetnnerPixel or Outer Tracker) at ZBeVE;

threshold
A Average trigger efficiency:90% with the L1 pixels.
i Similar efficiency with the L1 Pixel Det e

I Keeping high efficiency by the25L1 Pixel T
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A A factor of 2 better performance estimated with single crystal level EM calorimete



L1 Pixel Triggatrategy for btagging

— tracklet

_u OUt-er_T.rac_lf A L1 trackfrom L1 Outer Tracker
Sy e s - i Tracks filtered fop;>2GeVin front-
[ stub end.

I 97%tracks are rejected in minimum
[ 15 biasevents.
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A L1PixelTrack

~0.1 mm pitch
I L1 track used as seedandcombined
with pixelinformation.

A Main L1 btagging algorithm
CMS Preliminary Simulation, Phase 2, <PU>=140 -I- Employed the traCk Countlng methOd
- Jet | atLl.
— L iey/ht! Based or8D trackmpact parameter
(3D IP) significance &fl.

I Required at least 1 or 2 L1PixelTrack(:
inside the L1 jet have a minimum
value of the 3D IP significance.

:L‘ I Imported HLT #agging technique to
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L1Pixel Trigger studies gat vertex and Hagging

A Studies on jet vertex determination andjdt identification use a MC
sample ofddeventswith <PU>240f or |.n| <2 . 5

A Main results:

I Improved jet vertex resolution: 40m vs. 600 without pixels

I L1 btagging based on the track countingethod:
c (light jetefficiency, bjet efficiency)= (10%,~65%)
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Concluding remarks

A The feasibility and performance studiesadf1 Pixel Trigger for HIHC
In CMS are underway.
I Main goal: explore how it can further improve the L1 Track Trigger.
¢ Presented results here: on electrons, yetrtexingand btagging.
Cc Ot her studi es amuens e tbiwardphysiosgapabilita u ’ s ,
I The new CMS simulation in preparation will further refine these studies.

A The potential benefits o0& L1 Pixel Trigger shown here are on:
I Improvement ofthe jet vertex reconstruction:
C Resolutional ong theObdammaxwsth pixels iIinste
I Upgrade L1 trigger performance on:

¢ Electrons: sizeablel trigger rataeduction while keeping high trigger efficiency and low
E; thresholds

C b-tagging: maximizing a capability to trigger the rare physics process et htL1.
This impacts &arge scope of Physipsocesses at HLHC.

A The integration of such a L1 Pi¥ahger means:
I Overcominghigh technical challengetl1 bandwidth and L1 lateney HI-:LHC

i Implying developments on: the Frotithd ASIC (RD53), the design of the readout
chain and integration in the L1 Trigger architecture fofLHIC, the real time
algorithms and test benchmarking platforms



References

A CMS Detector Performan@ummaries

I Alevell pixel based track trigger for the CMSIHHC
upgrade
C http:// cds.cern.ch/record/2203806

A Paper publication (JINSD, C10001 (2025

I Levell pixel based tracking trigger algorithm for LHC upgrac
C http:// iopscience.iop.org/article/10.1088/1748221/10/10/C10001

A TechnicaProposal

I The Phasell Upgrade of the CMS Detector
C http://cds.cern.ch/record/2020886



http://cds.cern.ch/record/2203806
http://cds.cern.ch/record/2203806
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/C10001
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/C10001
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/C10001
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/C10001
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/C10001
http://cds.cern.ch/record/2020886

