


27.11.24

V.M.M.CAIRO 2

AT THE HEART OF COLLIDER PHYSICS:
CHALLENGES AND BREAKTHROUGHS

The Higgs boson (and more!) and the silicon pixel era

The top quark and the silicon strip era

The W,Z 
bosons and 

the drift 
chamber era

The weak 
neutral currents 
and the bubble 
chamber era
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TRACKS AND VERTICES
The 
building 
blocks 
of 
physics 
events 
at 
colliders
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UNFOLDING 
A NEW DIMENSION
• Addition of timing layers to HEP detectors 
    growing area of interest

• Next step in advancing technologies are real 4-dimensional 
silicon trackers (resolution of O(10	𝜇𝑚) & O(10	𝑝𝑠)) 

• Excellent opportunity during HL-LHC and, in particular, for future energy frontier trackers

 6LPXODWLRQ�3UHOLPLQDU\  6LPXODWLRQ�3UHOLPLQDU\  6LPXODWLRQ�3UHOLPLQDU\  6LPXODWLRQ�3UHOLPLQDU\

ATL-PHYS-PUB-2023-023 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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TIMING LAYERS AT HL-LHC

ATLAS-TDR-031

ATLAS High Granularity Timing Detector CMS MIP Timing Detector

CMS-TDR-020

LGADs to cover the 
forward pseudorapidity region 2.4 < |𝜂| < 4.0

LGADs and crystals for hermetic coverage 
up to |𝜂| < 3.0

https://cds.cern.ch/record/2719855/files/ATLAS-TDR-031.pdf?version=2
https://cds.cern.ch/record/2667167
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4D TRACKING USE-CASES
HL-LHC Beyond Run 4 Electron-positron colliders Muon collider / hadron colliders

4D tracking for 
replacements/upgrades?

Timing layers for
flavour tagging, particle ID, 

and LLP searches

Beam-induced 
backgrounds (𝜇) and pile-

up suppression (ℎℎ)

2035 2040s 2050s and beyond



THE PILE-UP CHALLENGE 
@ HADRON COLLIDERS 
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Signal candidate 
vertex

(“hard scatter”)

Secondary 
vertices

12 cm

2.5 mmPile-up vertices

Simulated 𝑡 ̅𝑡 event with 
200 pile-up in ATLAS 
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Misassociations of pile-up tracks to the hard-scatter vertex is likely.
If we could determine not only the position but also the time at which the 

hard-scatter occurred, pile-up contamination would be strongly reduced…

THE PILE-UP CHALLENGE 
@ HADRON COLLIDERS 

Simulated 𝑡 ̅𝑡 event with 
200 pile-up in ATLAS 



IMPACT ON 
EXPERIMENTAL PERFORMANCE
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Improve track and 
vertex reconstruction

Performance Efficiency, purity, IP resolution, 
low pT tracking?

Computing 
resources Speed?

Hermetic timing 
coverage and vertex t0

Pile-up 
suppression

Forward jets and 
leptons

Flavour 
Tagging

Long Lived 
Particles
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Improve track and 
vertex reconstruction

Performance Efficiency, purity, IP resolution, 
low pT tracking?

Computing 
resources Speed?

Hermetic timing 
coverage and vertex t0

Pile-up 
suppression

Forward jets and 
leptons

Flavour 
Tagging

Long Lived 
Particles

ATL-PHYS-PUB-2023-023

In addition, exciting trigger 
applications via 

cluster-based btagging 
being explored in synergy 

with the 
Next Generation Triggers 

project 
(https://indico.cern.ch/event/1421629/) 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
https://indico.cern.ch/event/1421629/
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4-DIMENSIONAL TRACKING 
& 𝒃-TAGGING

Interesting potential 𝐻𝐻 sensitivity increase!
Could boost the reach of rarer HH production modes, e.g. 𝑡𝑡𝐻𝐻

~60% of the times

Bette
r 

perfo
rm

ance

3D

4D

ATL-PHYS-PUB-2023-023 

Tagger definitions 
in bkp

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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4-DIMENSIONAL TRACKING 
& 𝒃-TAGGING

Interesting potential 𝐻𝐻 sensitivity increase!
Could boost the reach of rarer HH production modes, e.g. 𝑡𝑡𝐻𝐻

~60% of the times

Bette
r 

perfo
rm

ance

3D

4D

ATL-PHYS-PUB-2023-023 

Tagger definitions 
in bkp

This is just one highlight, much more on the determination of the vertex time, 
flavour tagging, VBF physics and LLPs is in the extra slides.

See also previous HSF talk from CMS.

N.B. We will have a dedicated HSF seminar in February 
with contributions from ATLAS & CMS 

https://indico.cern.ch/event/1465929/ 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
https://indico.cern.ch/event/1048211/contributions/4413728/attachments/2274142/3862895/2021_06_30_bartosik_v0.pdf
https://indico.cern.ch/event/1465929/
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LHC𝒃 UPGRADE II Framework TDR, R. Quagliani’s slides, T. Evans’ slides

https://cds.cern.ch/record/2776420
https://indico.cern.ch/event/1291157/contributions/5876959/attachments/2898970/5083551/rquaglia_ICHEP2024_UII_talk.pdf
https://cds.cern.ch/record/2900613/files/lhcp_2024.pdf?version=1


FUTURE 𝒉𝒉 COLLIDERS
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• The extreme scenario in terms of pile-up challenge is FCC-hh with O(1000) pile-up
• Impact of timing information was studied in the past

Extreme timing resolution 
of 5 - 10 ps per track is 
essential to keep the 
effective pileup low and 
prevent the merging of 
unrelated vertices
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BEYOND HADRON COLLIDERS



FUTURE 𝝁	COLLIDERS
27.11.24
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• Large beam-induced background from muon 
decays and showering of electrons on 
shielding 
• mostly electrons/photons, some neutrons 
• significant out-of-time component 
• coming from “all” directions! 

• Full 4D-tracking is a requirement, not an option

See more here

2411.02966 

https://indico.slac.stanford.edu/event/8992/sessions/827/
https://arxiv.org/pdf/2411.02966
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• Clean environment, but physics measurements targeting very high precision, different 
applications of timing

• Some of the detector concepts integrate timing envelopes around main tracker
• Can enable/improve TOF-based PID, flavour tagging, & searches for Long Lived Particles 

See more here

2110.09965 

TOF @ SiD LLP @ FCC-ee

Heavy neutral 
leptons, axion-like 

particles, and exotic 
Higgs boson decays 

2203.05502 

“In addition, 
calorimeter and 
precision timing 
variables will be 
extremely helpful 
to include in this 
study of ALPs 
that decay to 
photons.”

https://indico.in2p3.fr/event/32629/contributions/142638/attachments/87407/131939/Sciandra_ECFA2024_10_09_24.pdf
https://indico.slac.stanford.edu/event/8992/sessions/827/
https://arxiv.org/abs/2110.09965
https://arxiv.org/abs/2203.05502
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• The Electron-Ion Collider (2031+) is among the highest priority of US Nuclear Physics
• Electron-Proton and -Ion Collider detector (ePIC) concept includes PID capabilities via AC-

LGAD layers (also vertex identification for far-forward hadrons)

Z. Ye's slides

https://indico.cern.ch/event/1298458/contributions/5991545/attachments/2876337/5037791/yezhenyu_FCC_20240612_v2.pdf
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A Common Tracking Software (ACTS): already adopted in Run 3 for ATLAS vertexing and 
employed by several other experiments (running and/or future):
• Embedded time measurement as one of the 6 track parameters
• We can perform detailed hit-to-track and track-to-vertex association studies
• Offer a generic Open Data Detector (ODD) layout for a silicon tracker
• Ongoing work to translate the FCC-hh tracker into ACTS, in particular to detray/traccc 
• 4D vertex finding and fitting implemented, more on tracking here
• Jet reconstruction algorithms (e.g. Fast Jet) can and have been interfaced with ACTS to build 

particle level jets, which can in turn be used for jet and flavour tagging studies

beamlineVtx 1 Vtx 2
Δ𝑧

https://github.com/acts-project/detray
https://github.com/acts-project/traccc
https://indico.cern.ch/event/1252748/papers/5521502/files/12801-CTD23_ODD_ACTS_performance_v2.pdf


A WORD ON TECHNOLOGY
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• Several groups working on developing 4D tracking technologies that could meet the HL-
LHC specifications should such replacements take place, but intensive R&D is still 
required and several options are being looked at:
• Hybrid Low Gain (DC, AC-coupled), monolithic Low Gain, hybrid No Gain (Planar, 

3D), monolithic No Gain (CMOS), and many more!

• Radiation Hardness is a key challenge
• At the HL-LHC the innermost layers are placed at O(30) mm from the IP and will 

receive doses of O(10) MGy after 2 ab-1 of data
• At FCC-hh, radius of O(20) mm, radiation levels 0.4 GGy expected after 30 ab−1 and 

a fluence of 6 × 1017 per cm2 1 MeV neq. 
• These are approximately 30 times (600 times) more intense than the environment at 

the HL-LHC (LHC). 
• Dedicated R&D efforts for extreme timing resolutions and radiation hardness is 

needed. These will also be correlated with the spatial resolution and the changes in 
the material budget, thus analyzing the interplay among them is of key interest
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• For Snowmass, we released a document (2203.13900) that “reviews the impact of 
integrating 4D tracking capabilities on several physics benchmarks both in potential 
upgrades of the HL-LHC experiments and in several detectors at future colliders, and 
summarizes the currently available sensor technologies as well as electronics, along with 
their limitations and directions for R&D.”

• Substantial work has been performed since then, with promising advancements in 
reconstruction
• See proof-of-concepts from ATLAS, LHCb, etc 
• Reconstruction for detectors at Muon Colliders
• Generic 4D tracking in ACTS, crucial for fast turnarounds 

• Technologies have also advanced

• Input to the ESPP could focus on these aspects, i.e. what’s new since Snowmass

https://arxiv.org/abs/2203.13900
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CONCLUSIONS

2022 …and beyond?2009 20302015

< 𝑝𝑖𝑙𝑒 − 𝑢𝑝 > ~ 20 < 𝑝𝑖𝑙𝑒 − 𝑢𝑝 > ~ 30 < 𝑝𝑖𝑙𝑒 − 𝑢𝑝 > ~ 200< 𝑝𝑖𝑙𝑒 − 𝑢𝑝 > ~ 60 < 𝑝𝑖𝑙𝑒 − 𝑢𝑝 > ~ 140

• We are broadly investigating 4D tracking in various contexts: HL-LHC, FCC-ee ToF, muC, and FCC-hh, with 
extensive usage of ACTS ODD
• Challenges change with the collider environment: 

• 𝑒!𝑒" clean environment, but high precision requirements, timing for e.g. TOF 
• HL-LHC upgrades, MuC, FCC-hh, etc: increasingly busy environments, critical to identify hard 

scatter
• Differences in backgrounds and collider can imply different strategies but synergies exist 

• 4D Tracking is a unique feature to boost the experimental physics reach, and can be combined with 
advancements in track reconstruction algorithms 

• Both algorithms and technologies are being developed and offer interesting opportunities for HL-LHC and, 
even more so, future colliders!



THANK YOU!

E.T. Exploring Tracking-lands, by F. Cairo
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EXTRA SLIDES

F. Cairo, From Conn(ll)ecting the dots

F. Cairo, From Conn(ll)ecting the dots

F. Cairo, From Conn(ll)ecting the dots
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UNFOLDING 
A NEW DIMENSION
Addition of timing layers to HEP detectors growing area of interest

ATL-PHYS-PUB-2021-024

ATLAS-TDR-031

High Granularity Timing Detector 

New handles to improve 
event reconstruction in 
the forward region, but 
limited by its 
reduced η acceptance…

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
https://cds.cern.ch/record/2719855/files/ATLAS-TDR-031.pdf?version=2


A COMPARISON WITH
CMS’ MIP TIMING DETECTOR
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From CMS MTD TDR: “The MTD will give timing information for MIPs with 30–40 ps resolution at 
the beginning of HL-LHC operation in 2026, degrading slowly as a result of radiation damage 
to 50–60 ps by the end of HL-LHC operations.” 



CMS’ MIP TIMING DETECTOR
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|eta|<1.5

1.5 <|eta|<3.0

inner surface of the tracker support tu
be 

Beyond Run 4, CMS is also considering to add timing layers in the innermost part of the tracker.

https://indico.cern.ch/event/1048211/contributions/4413728/attachments/2274142/3862895/2021_06_30_bartosik_v0.pdf


27.11.24

V.M.M.CAIRO 28

UNFOLDING 
A NEW DIMENSION
Next step in advancing technologies are real 4-dimensional 
silicon trackers (resolution of O(10	𝜇𝑚) & O(10	𝑝𝑠)) 
• Excellent opportunity during HL-LHC and, in particular, for future energy frontier trackers
• First exploratory studies in ATLAS

• Also looked at in LHCb

Extractable and replaceable 
half-way through HL-LHC

(rad-hard up to 10-15 MGy)
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UNFOLDING 
A NEW DIMENSION
Next step in advancing technologies are real 4-dimensional 
silicon trackers (resolution of O(10	𝜇𝑚) & O(10	𝑝𝑠)) 
• Excellent opportunity during HL-LHC and, in particular, for future energy frontier trackers
• First exploratory studies in ATLAS

• Also looked at in LHCb

3D 3D + forward timing 4D



ACTS-BASED STUDIES
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• Furthermore, jet reconstruction algorithms (e.g. Fast Jet) can and have been 
interfaced with ACTS to build particle level jets, which can in turn be used for jet and 
flavour tagging studies

No-time
Incoming student to complete the studies 

with timing information



THE RECONSTRUCTION CHAIN
27.11.24

V.M.M.CAIRO 31

Inputs to higher level 
objects

hits clusters space 
points seeds track 

candidates
tracks vertices



THE RECONSTRUCTION CHAIN
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In this first study, track-time 
was added here, 

based on truth information 
and smeared by 30, 60, 90 ps

N.B. track-time, not hit-time

hits clusters space 
points seeds track 

candidates
tracks vertices
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DETERMINING THE VERTEX TIME
• With 4D tracking, each charged particle would have a timestamp
• Determining vertex time crucial for reconstruction/identification of other objects, e.g. b-jets

ATL-PHYS-PUB-2023-023 

30 ps per 
track

Time clustering a posteriori on 3D vertex 
à spurious tracks removed effectively!

3D 
reco

truth

beamlineHS

HS

PUPU

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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DETERMINING THE VERTEX TIME
• With 4D tracking, each charged particle would have a timestamp
• Determining vertex time crucial for reconstruction/identification of other objects, e.g. b-jets

ATL-PHYS-PUB-2023-023 

Excellent vertex time resolution can be 
achieved

30 ps per 
track

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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DETERMINING THE VERTEX TIME
• With 4D tracking, each charged particle would have a timestamp
• Determining vertex time crucial for reconstruction/identification of other objects, e.g. b-jets

ATL-PHYS-PUB-2023-023 

Excellent vertex time resolution can be 
achieved

The better the track-time resolution, the more 
PU-robust the vertex time resolution

30 ps per 
track

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/


THE KEY FEATURES FOR 𝒃-TAGGING
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Light-quark initiated jet b-quark initiated jet

Long lifetime of B-hadrons requires selecting tracks with large IPs àlarge selection windows around the 
longitudinal IP à more pile-up contamination that can lead to fake secondary vertices 
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GNT – 4D 𝒃-TAGGING

Known track and vertex time, a track 
time significance is built



 6LPXODWLRQ�3UHOLPLQDU\
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GNT – 4D 𝒃-TAGGING
3D

4D

ATL-PHYS-PUB-2023-023 

Interesting potential sensitivity increase for 
Higgs physics, in particular HH, whose 

observation is a high-priority goal for HL-LHC 

Known track and vertex time, a track 
time significance is built

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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HH PROSPECTS

ATL-PHYS-PUB-2023-023 

e.g. 77% to 82% à 
~0.3𝜎 improvement 

(more than 
500 fb-1 of data!)

N.B. this plot was made by 
scaling to the full HL-LHC 

luminosity

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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OTHER PHYSICS CASES

• 𝐕𝐁𝐅	𝐇 → 𝐢𝐧𝐯	extensively studied at 
the time of the HGTD TDR, results still 
valid

• Long Lived Particles studied in the 
PubNote, in particular 
𝒅𝒆𝒍𝒂𝒚𝒆𝒅	𝒑𝒉𝒐𝒕𝒐𝒏𝒔

• Other applications to be further 
explored, e.g. c-tagging (similar 
considerations as for b-tagging), tau 
reconstruction and identification, 
etc ATL-PHYS-PUB-2023-023 

https://cds.cern.ch/record/2719855/files/ATLAS-TDR-031.pdf?version=2
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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OTHER PHYSICS CASES
𝐕𝐁𝑭	𝑯 → 𝒊𝒏𝒗

ATL-PHYS-PUB-2023-023 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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OTHER PHYSICS CASES
𝑫𝒆𝒍𝒂𝒚𝒆𝒅	𝒑𝒉𝒐𝒕𝒐𝒏𝒔



VBF HIGGSà INVISIBLE
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𝑉𝐵𝐹	𝐻 → 𝑖𝑛𝑣	extensively studied at the time of the HGTD TDR, results still valid! 

Fig. 3.25
Normalized signal over background gain relative to ITk-
only pileup jet suppression performance, as a function 
of the additional pileup jet rejection from HGTD. The 
solid black (dotted red) line represents the HGTD 
improvement from the CF (FF) event topologies 
separately. The dotted blue line shows the total 
improvement when the combined HGTD+ITk pileup 
suppression algorithm is applied to all jets in the event. 

https://cds.cern.ch/record/2719855/files/ATLAS-TDR-031.pdf?version=2


VERTEX T0
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GNN
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ATL-PHYS-PUB-2022-027.pdf 

https://cds.cern.ch/record/2811135/files/ATL-PHYS-PUB-2022-027.pdf


GNN
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4D TRACKING

ATL-PHYS-PUB-2023-023 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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4D FTAG

ATL-PHYS-PUB-2023-023 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/


27.11.24

V.M.M.CAIRO 49

4D FTAG

ATL-PHYS-PUB-2023-023 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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4D FTAG

ATL-PHYS-PUB-2023-023 

A complete simulation is needed for an 
accurate study 

We investigated independently the impact 
of missing hits and mistag hits showing that 
the performances get degraded mostly at 
low b-jet efficiencies 

missing hit: assuming time only in 2nd layer; 
if a track has no hit the significance of the 
track is randomly emulated as HS 

mistag hit: for tracks with Truth Match 
Probability < 80% the significance is 
randomly emulated as PU 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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https://indico.cern.ch/event/797047/contributions/3638198/attachments/2308674/3928223/Position_sensitive_timing.pdf 

https://indico.cern.ch/event/797047/contributions/3638198/attachments/2308674/3928223/Position_sensitive_timing.pdf
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• AC-LGADs

• Characterization of BNL and HPK AC-LGAD sensors with a 120 GeV proton beam 
(R. Heller et al.)

• https://arxiv.org/abs/2201.07772 
• “We present a world’s first demonstration of silicon sensors in a test beam that 

simultaneously achieve better than 5–10 μm position and 30 ps time 
resolution.” 

https://arxiv.org/abs/2201.07772
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• Monolithics (https://arxiv.org/pdf/2404.12885) 

https://arxiv.org/pdf/2404.12885


Jan. 19th 2023 V. M. M. Cairo 54

• TDC studies, see [1, 2]

https://indico.cern.ch/event/1127562/contributions/4904555/
https://indico.cern.ch/event/1255624/contributions/5443784/
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• MALTA
https://twiki.cern.ch/twiki/bin/viewauth/Atlas/MaltaApprovedPlots#Time_resolution 

Difference in time of the fastest hit of the cluster (matched with the track in the 
DUT) and the time of the hit in the scintillator (σPMT ≈ 1 ns not subtracted) for a 
MALTA non-irradiated sample Czochralski silicon with no modification (STD) 
versus substrate bias. Measurements were done with low energy electrons from 
Sr-90 β-decay

https://twiki.cern.ch/twiki/bin/viewauth/Atlas/MaltaApprovedPlots
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Effective pile-up is 
defined as the number of 
pile-up vertices which 
effectively lead to a 
confusing assignment of 
low pT tracks to the 
original primary vertex 

• Studies on primary vertexing at the FCC-hh demonstrate that 2D vertexing with an 
extreme timing resolution of 5 10 ps per track is essential to keep the levels of effective 
pile-up under control at large pseudorapidities (|η| > 3) which would otherwise reach level 
of tens or hundreds leading to large merging effects in vertex reconstruction and large 
confusion in vertex selection. 

• Also: 30 times (600 times) more radiation compared to HL-LHC (LHC), making none of the 
existing technologies suitable 
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https://indico.cern.ch/event/1048211/contributions/4413728/attachments/2274142/3862895/2021_06_30_bartosik_v0.pdf 

https://indico.cern.ch/event/1048211/contributions/4413728/attachments/2274142/3862895/2021_06_30_bartosik_v0.pdf
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https://arxiv.org/pdf/2007.09528.pdf 

https://arxiv.org/pdf/2007.09528.pdf
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HGTD TDR, fig. 2.15

This leads to a total safety factor of 1.5 for the sensors that are most sensitive to the particle 
fluence, and 2.25 for the electronics which are more sensitive to the TID. After applying 
these, the detector would need to withstand 8.3 × 1015 neq cm−2 and 7.5 MGy (if the vessel 
is not replaced)

https://cds.cern.ch/record/2719855/files/ATLAS-TDR-031.pdf?version=2
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VBF H->inv extensively studied at the time of the HGTD TDR, results still valid! 

https://cds.cern.ch/record/2719855/files/ATLAS-TDR-031.pdf?version=2


DETECTOR LAYOUT STUDIES 
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A change in tracking technology would imply changes in material budget due to different 
power, cooling, data transmission etc and would require a re-evaluation of the optimal 
detector layout 



OTHER ACTIVITIES
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CERN has initiated studies on seeding to evaluate 
CPU gains with former student Steven Bos,
and plans to continue 
https://cds.cern.ch/record/2879352

https://cds.cern.ch/record/2879352
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DIPS algorithm with timing: 
https://cds.cern.ch/record/2908429

Vertex Grid seeder optimization
https://indico.cern.ch/event/1435014/contributions/6
038249/attachments/2902452/5090667/Poster2024-
Nicollin.pdf  

 

https://cds.cern.ch/record/2908429
https://indico.cern.ch/event/1435014/contributions/6038249/attachments/2902452/5090667/Poster2024-Nicollin.pdf
https://indico.cern.ch/event/1435014/contributions/6038249/attachments/2902452/5090667/Poster2024-Nicollin.pdf
https://indico.cern.ch/event/1435014/contributions/6038249/attachments/2902452/5090667/Poster2024-Nicollin.pdf


RADIATION
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HL-LHC TRACKING
A detector designed to be pile-up robust, and algorthms designed to leverage such features

IDTR-2023-05/ IDTR-2023-05/ 

The lower the fake rate, the better 
the CPU and storage usage

IDTR-2023-05/ 

More PU-robust vertexingImproved IP resolution

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2023-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2023-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2023-05/
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HL-LHC TRACKING
A detector designed to be pile-up robust, and algorthms designed to leverage such features

IDTR-2023-05/ IDTR-2023-05/ 

The lower the fake rate, the better 
the CPU and storage usage

IDTR-2023-05/ 

More PU-robust vertexingImproved IP resolution

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2023-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2023-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2023-05/
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HOW DOES HH LOOK IN HL-LHC?

ATL-PHYS-PUB-2022-053/ 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/
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HOW DOES HH LOOK IN HL-LHC?

ATL-PHYS-PUB-2022-053/ 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/
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HOW DOES HH LOOK IN HL-LHC?

ATL-PHYS-PUB-2022-047/ 

ATL-PHYS-PUB-2022-053 

Modern flavor tagging algorithms based on Graph Neural Networks fully exploit the potential of 
the ITk à large sensitivity gains for HH!

+ 5% efficiency for the same mistag rate + 0.3 𝜎 sensitivity gain for 𝐻𝐻 → 𝑏?𝑏𝑏?𝑏

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-047/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/ATL-PHYS-PUB-2022-053.pdf
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RUN 3 𝒃-TAGGING

ATL-PHYS-PUB-2022-027 

FTAG-2022-004/ 
FTAG-2023-01/ 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2022-004/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
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ILD TPC & TOF
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FCC https://indico.in2p3.fr/event/32629/contributions/142638/attachmen
ts/87407/131939/Sciandra_ECFA2024_10_09_24.pdf 

https://indico.in2p3.fr/event/32629/contributions/142638/attachments/87407/131939/Sciandra_ECFA2024_10_09_24.pdf
https://indico.in2p3.fr/event/32629/contributions/142638/attachments/87407/131939/Sciandra_ECFA2024_10_09_24.pdf

