
ATLAS@HL-LHC :  Detector and Physics goals

S. Jézéquel (LAPP-IN2P3)

31 May 2018

IRN Terascale Strasbourg

mailto:ATLAS@HL-LHC


IRN Terascale , May 2018 Jezequel S. (LAPP) 2

LHC timeline

HL-LHC program : Extend studies beyond current LHC one with x10 in L
Precision measurements
Rare decays

→ Understand Electroweak Symetry Breaking

→ Search for new physics (direct/Indirect)  

Target for ATLAS detector : Maximise the physics outcome with the 

delivered integrated luminosity adapting to difficult running conditions

HL-LHC or Phase 2 
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LHC timeline (2)

HL-LHC mode Peak Luminosity 
(cm-2 s-1)

Mean number of interactons 
per bunch-crossing <mPU>

Integrated luminosity
(f-1)

Baseline 5x1034 140 3000
Ultmate 7.5x1034 200 4000
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 Running conditions

   High partcle density    High radiaton dose

Replace sub-detector not sustaining integrated radiation dose
Minimize degradation from pile-up (high granularity,fast timing)
Improve or maintain current detector performances
Allow higher event rate to increase trigger acceptance
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Detector upgrade Phase-2

Calorimeters : LAr + Tile TDAQ/Trigger 

New Inner Tracker 
(Itk)

High Granularity Timing Detector 
(HGTD) (2.5 < h < 4.0) 

New detector New electronic
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Detector upgrade documentations

2017 : Technical Design Report

Last optimisation of detectors

● Technology availability

● Physics performances

Define detector baseline and list remaining options

2017-2019 : High Granularity Timing Detector  :Letter Of Intent → TDR

2020 : Software and Computing TDR
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Itk 

Completly new tracker : 

Full silicon tracker up to h=4 

Pixel 

Pixel peach : 50x50 mm²

● Option:25 (f) x 100 (z) reinforced by HGTD

Still options for sensor technology (Planar, 3D, CMOS) 

PU rejection

Keep HS jet P
T
 threshold at same level as Run2 (~30 GeV in forward direction)

Pixel TDR

Strip TDR

50
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Itk (2) 

Detector production : Interest of IN2P3 labs

Mechanics and cooling

Electronics : Sensor + Front End

Stave equipment and qualification

B-tagging : 

Better perfomances than current Run2

Extension to forward direction 

Pixel TDR
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High Granularity Timing Detector  

Main motivation : Reinforce PU rejection 

Tracker : Separate vertices along z (s(z)~50 mm) 

→reject vertices distant in z 

HGTD : Separate vertices in time (s(t)~ 180 ps) 

→ reject vertices distant in time 

                        (single track resolution : 30 ps)

HGTD TP
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HGTD performances

Electron isolation

b-tagging

HGTD TP

HGTD TP

Detector production : Interest of IN2P3 labs

Mechanics 

Asics + electronics 

HGTD TP

PU jet rejection

Worst case : 60 ps

Final : Degradation after 4000 fb-1
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LAr calorimeters 

Objectives and challenges :

Electron-photon : Precise energy measurement and triggering

Improve trigger capability (handle finer granularity)

Increase electronic level of saturation

Dynamic gain 

Electronic upgrade : Interest of IN2P3 labs

On detector : Full front-end + calibration boards

Off detector : Lar Signal Processor + backend for triggering

LAr TDR
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Tile calorimeters 

Objectives and challenges : 

Sustain higher radiation dose

Simplify readout

Increase electronic saturation

Increase granularity

● PU mitigation

Electronic upgrade:  Interest of IN2P3 lab

Remote HV power-supply and update distribution among dynode

Change front-end readout

Upgrade of calibration laser system

Current electronic :  
Saturaton : 1.2-1.5 TeV

Tile TDR

Dijet 2 TeV
Min bias
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HL-LHC Physics potential
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Physics performance computations

Limitations :

Not enough computing resources and software sofistication to make detailed 

projection

Not enough expert manpower to run full Run2-like analysis 

Approaches :

Extrapolate Run2 results to 3000 fb-1 @ 14 TeV 

● Pros : Fully benefit from Run-2 optimised tools

● Cons : Do not take into account benefit from Upgraded detectors and 

degradation from PU

→ Assumption : Benefit compensates degradation 

Convolute ‘smearing’ functions of particles response with truth-level samples

● Pros/Cons : Opposite to ‘Extrapolation’

→  Choice depends on channel study
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Higgs coupling to fermion/bosons

HL-LHC : Reach the precision regime for Higgs → Sensitivity to new physics 

Signal strength precision 
m=s/s

SM
:

from few % level to 10-20 %   

ATL-PUB-PHYS-2014-016
+

Run-1/Run-2 publications

Run1

Run2
36 fb-1

Based on extrapolation from Run2 data (36 fb-1 )

Stick to Run2 acceptance

Current published precision ~ 300 fb-1 extrapolation 

from Run1 (stat + syst.) 

→ Extrapolation to be redone from Run2 

→ Syst. exp./theory have to be adressed

VBF precision conservative : Gain from Itk/HGTD 

extension not included 



Higgs self-coupling

HL-LHC : First opportunity to study Higgs self-coupling through HH production

lHHH kt
t t

ATLAS bbgg
TDR Pixel

Channel ATLAS

HH→ bbbb -4.1 <l
HHH

/l
SM

< 8.7  @95 % C.L.

HH→ bbtt 0.6 s
-4.0 <l

HHH
/l

SM
< 12.0  @95 % C.L.

HH→ bbgg 1.5 s
0.2 <l

HHH
/l

SM
< 6.9 @95 % C.L.

(stat only)

tt(HH→ bbbb) 0.35 s

Context : 
120 k HH events produced
High background (bbbb, bbtt) or low B.R. (bbgg)

HH→ bbgg : Naive extrapolation to HE-LHC



IRN Terascale , May 2018 Jezequel S. (LAPP) 17

Other Higgs topics

Detailed presentation from J. Stark
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Search for new Physics : High mass

Z’→ tt

3 TeV (300 fb-1) → 4 TeV (3000 fb-1)

Z’→ ee

Statistically limited

Calorimeter linearity critical

LAr TDR

Tile TDR

4.4 TeV (36 fb-1) → 6.3 TeV (3000 fb-1)
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Susy :  Long Lived Particles

Tile TDR
Pixel TDR
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Susy LLP : Disappearing tracks

Pixel TDRm(c1
±)~m(c1

o)
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Standard Model : Vector boson scattering

W±W± +jj 

CERN-LHCC-2017-005

+ 15 %

Pixel TDR

W Z+jj 
ATL-PHYS-PUB-2013-006
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CERN Yellow Report 

Common document ‘LHC experiments + theorists’

Previous publications (2013-2014) based on Run1 analysis methods

→ Expect significant gain applying improved Run2 algorithms

→ Exp/theo systematics more critical

● Many improvements in analysis performance and systematic reduction 

developed in last 10 years → should continue over coming 20 years

  

Also adressing HE-LHC potential : 

15 ab-1 @ 27 TeV (LHC tunnel with 16 T magnets)

Extension of 14 TeV analysis assuming same detector performances

Timescale : 

Experiment PUB notes  : End summer 2018

CERN YR : End autumn 2018
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Conclusion 

HL-LHC program : Both discovery and precision machine

Detector upgrades :

Most TDRs published : Baseline layouts defined but few remaining options still 

Enter in Memorandom of Understand negociation for commitments in 

construction/qualification

Construction program (2018-2025) :

● Involving physicists and engineers in all ATLAS-IN2P3 labs 

Opportunity to improve expertise in new technologies implemented in large detectors

Physics potential :

End 2018 : CERN Yellow Report (including HE-LHC) with better precision 

Still opportunities for improvements thanks to new ideas/algorithms (ex : H→ cc)

HL-LHC program : Rich physics program for coming 20 years
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Backup
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Displaced vertices 
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Calorimeters-backup 
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Itk-backup 
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Had-had accelerator parameters
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