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ATLAS/CMS HL-LHC projected luminosity
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Nucleon-nucleon luminosities
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Two approaches:

Dedicated timing detectors

Design and construction of the ATLAS

High-Granularity Timing Detector

Precision Timing with the CMS MIP Timing Detect Z
f(_-fre %?lg%lzLéﬁllﬁ%sm; LH(E] Hiing Letector The plans of the future upgrade LHCb Tracker (Velo)
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https://agenda.infn.it/event/35597/contributions/211629/
https://agenda.infn.it/event/35597/contributions/211619/
https://agenda.infn.it/event/35597/contributions/211619/
https://agenda.infn.it/event/35597/contributions/211620/
https://agenda.infn.it/event/35597/contributions/211620/
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Detector Acceptance  Technology Pitch Layers Documentation
HGTD 24 < |n| <4.1 Silicon/LGAD 1.3 mm  4+4 ATLAS-TDR-031
Barrel TOF In| < 1.75 Silicon 1 -5 mm 1+1 ALICE Lol
Forward TOF 1.75 < |n| <4 Silicon 1 -5 mm 1+1
BTL In| < 1.45 LYSO+SiPM ~ 3mm 1 CMS—-TDR-020
ETL 1.6 < |n| < 3.0 Silicon/LGAD 1.3 mm 4+4
VELO 2<n<oH” Silicon <55um > 267 LHCB-DP-2021-008-001

* Some acceptance in n < —1,1 <n <2
4D TRACKING AND VERTEXING @ HL-LHC
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https://cds.cern.ch/record/2719855/files/ATLAS-TDR-031.pdf
https://cds.cern.ch/record/2803563/files/2211.02491.pdf
https://cds.cern.ch/record/2667167/files/CMS-TDR-020.pdf
https://cds.cern.ch/record/2798063/files/Velo_ftdr_supp_doc_review2.pdf

Integrating timing into existing detectors

The plans of the future upgrade LHCb Tracker (Velo)
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https://agenda.infn.it/event/35597/contributions/211629/

4D tracking in LHCb’s Vertex Locator

VELO tracking can exploit two useful facts:

e No magnetic field = tracks are ~ straight lines

o (Approximately) constant in azimuthal angle ¢
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4D tracking in LHCb’s Vertex Locator

VELO tracking can exploit two useful facts: *
9 llllllllllllllllllll

e No magnetic field = tracks are ~ straight lines

o (Approximately) constant in azimuthal angle ¢

Going to 4D:

e Assume 50 ps measurement per layer a1 p
mn mn

e Can place requirements on At when constructing the track ‘ At | _ Pn T Antl | An T Pntl
tof| —
v cos 6 ccosf
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4D tracking in LHCb’s Vertex Locator

VELO tracking can exploit two useful facts:

e No magnetic field = tracks are ~ straight lines 0 e *
yusn®® r----

o (Approximately) constant in azimuthal angle ¢ ‘

Going to 4D:

e Assume 50 ps measurement per layer a1 Z

e Can place requirements on At when constructing the track | At | _ An T fnt+l | An T Antl

tof v cos 6 ccosf

o For 99% efficiency, implies 180 ps window between first two hits

— Reduces fraction of wrong hits by @(50%)

— Benefits from averaging measurements as hits are added*

* different to spatial measurements where scattering is far more important
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Some performance metrics
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e 4D tracking is more robust: improves efficiency vs track geometry and
fake track rates

e Ongoing work on more sophisticated approaches on FPGAs, GPUs etc.
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4D tracking @ ATLAS/CMS

« HGTD / ETL have ~ 1 mm? pads = not tracking detectors

e Match timestamps from these detectors with tracks from the tracking
system
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4D Vertexing @ ATLAS

1. Make (3D) vertices using tracking system

2. Find tracks matched to the HGTD compatible with these vertices

3. Use to fit for vertex time
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e Around 60% of HS vertices have enough tracks to be timestamped

o For purity > 50%, can get to a o,,;, ~ 20 ps

o Can use this vertex time to reject tracks from other vertices
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Proposal to add timing layer(s) to ITK

ATLAS-PHYS-PUB-2023-023

Beyond Run-4 enhancement to replace 2 layers of ITK with 4D detectors

Targeting ~ 30 ps/ layer

Would improve vertex resolution by giving coverage of low 7 region

Improve b-tagging, searches for LLPs etc..
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/

4D Vertexing @ CMS / LHCb

e Because of the much wider n coverage, can do true ‘4D’ vertexing
o Project tracks onto (z,t) plane at the beam axis

o Cluster in 2D (CMS: deterministic annealing, LHCb: seed-and-merge)
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4D Vertexing @ CMS / LHCb

o > 90% efficiency for “interesting” PVs

CMS phase-2 simuiation 14 TeV e (Can achieve resolution of a few ps on the PV
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e Less than 1% merging at 200 pileup

e Resolutions below 10 ps, but need correct PID hypothesis
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PID with timing at CMS & ALICE

o For ALICE3, similar detectors planned
(LGAD / CMOS-LGAD*) to provide TOF PID
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e Can provide PID capacity in HI collisions!

e Up to ~ 5GeV for p — m separation
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roposstey e Targeting ~ 20 ps resolution
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Reproduced from:
The studies for the ALICE3 detector
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https://indico.ph.tum.de/event/7264/contributions/6997/

Beyond 4D tracking and vertexing @ LHCb
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e Timing also key to reconstructing higher-level quantities

2100

e Pictured: Impact of timing on charm meson reconstruction

(z,y,t,,t,,q/P)(2) =
(z,y,t,,t,,q/p,t)(2

o Key: consider reconstruction in 4D (when and where) rather than in terms
of timing windows
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Conclusions

e Timing detectors are the key technology to enable particle physics at ultra
high pileup

e Different solutions adopted based on target acceptance of each experiment
e LHCDb’s Upgrade 2 VELO will be the first true 4D tracker at the LHC
e Same detectors can also bolster PID performance

— For CMS, gaining the capability “for free”
— For ALICES, dedicated TOF with higher granularity
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Letter of intent for UPGRADE

ALICE 3

Technical Design Report
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