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ATLAS upgrade for HL-LHC

New Inner Tracking Detector (ITk) All silicon, up to |η| = 4, strongly augmented 
tracking acceptance,50× present channels → to cope with high occupancy 

New Muon Chambers 

Inner barrel region with new 
Resistive Plate Chambers (RPC) and 

Monitored Drift Tubes (MDT) 
detectors 

ATLAS experiment also needs to be upgraded to meet the new requirements

Electronics Upgrades

LAr Calorimeter
Tile Calorimeter
Muon system

High Granularity Timing 

Detector (HGTD) 

In the forward region (2.4 < |𝜂| 
< 4.0, a novel silicon timing 

detector provides up to a 30 ps
time resolution per track

Upgraded Trigger and 

Data Acquisition system

Level-0 Trigger at 1 MHz 
Improved High-Level Trigger



The HL-LHC challenges in ATLAS

With increased instantaneous luminosity the biggest challenge will be the Pile-up

• Pile-up <𝜇> = 200 interactions per bunch crossing, spread in ~45 mm along the beam axis

• The ITk mostly mitigates the pile-up effect but is still challenging in the forward region

• To discriminate between pile-up and hard scattering interaction, the HGTD will be added in the forward region
with the goal to have 30-50 ps time resolution per track (start-end)
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High-Granularity Timing Detector  

The HGTD will be installed in front of the Liquid Argon end-cap calorimeters to reduce pile-up

• Two instrumented double-sided layers mounted in two
cooling/support disks per end-cap

• Placed at z ≈±3.5 m from the nominal interaction point

• Total radius 110 < r < 1000 mm

• Active detector region: 2.4 < |η|< 4, 120 mm < r < 640 mm

• Structure is divided into 3 rings with different active sensor
overlap (70%, 50%, 20%)

• Time resolution < 30-50 ps per track (start-end)

Sensor technology: Low Gain Avalanche Detector
(LGAD)

• n-p Si detector with an additional p-type doped layer

• Excellent timing resolution

See the S.Ridouani poster for more details [link]

4

https://indico.marwan.ma/event/1/contributions/418/


• Simulation results show good object reconstruction and physics 
performance by adding HGTD to ITk:

HGTD physics enhancement

Pile-up rejection

• Increases by a factor of 1.4 (for 85% efficiency)

Lepton isolation

• Improving the dependence of lepton isolation on
the local vertex density 5



ATLAS Simulation 
Event Generation

➔ Parton interaction
➔ Decays of short-lived particles

Simulation

➔ Detector response to the particles
➔ Depends on detecting principles of each            
detector

Reconstruction

➔ Propagation of particles through the detector
➔ Depends on detector geometry and material

➔ Reconstruct high-level objects (electrons,    
tracks, …) from the detector output
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GeoModel and GeoModelXML

• ATLAS GeoModel framework used to build a description
of complex detector geometry
o Interfaces to Geant4 to simulate particle interactions

within the detector
o Also used for building simplified detector descriptions

used in reconstruction

• GeoModel has been used by the ATLAS experiment
since 2004

• The GeoModel tool suite includes a powerful 3D
visualization tool: GeoModel Explorer (aka gmex)

• GeoModel tool suite contains an XML-based front-end
that allows users to code detector geometries in a
simple and intuitive way

• The use of XML files allows for very fast development of
a geometry

GeoModelXML now offers new convenient positioners, 
XML entities to place volumes in the 3D space

o GeoModel

o GeoModelXML
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HGTD - GeometryDescription

HGTD Geometry with XML-based format 
implemented in GeoModelXML

D.D  with GeoModeXML

• Currently, we have established a baseline geometry and
working on refining it e.g:

o The Support Plate ➔ Support Unit

o Adding the services outside the HGTD vessel

•  Working on a comprehensive publication
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HGTD - GeometryDescription

o HGTD disk components

Module A 4-layer flex cable Cooling loop prototypePeripheral electronics

HGTD end-cap instrumented of two double-sided disk

• HGTD disk ➔ 2 Module layer + Flex + 2 Support plate + 1
Cooling plate + Peripheral electronics

• For the flex cables, 8 slices are stacked together, with
increasing the inner radius from one to another, resulting in
their total thickness decreasing as a function of the radius

• The peripheral electronics including electronic components
DC-DC converters, VTRX+ …

HGTD disk D.D  with GeoModeXML
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HGTD - GeometryDescription

Wait a minute: we were talking about the dead material, what about 
the sensitive part?

We must include in XML some information about the sensitive component, which will be later retrieved 
in the simulation chain

• Assigning the active region of the LGAD as the sensitive component

• Identifying the sensor through a dedicated identification scheme

• Readout Geometry used to define sensor granularity, orientation, etc

Number of LGADs in one module 

Module layer
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HGTD - GeometryDescription

o Integration with ATLAS Framework 

Hits production
Convert GeoModel

to Geant4

Convert GeoModelXML to 
GeoModel object

Dead material
and

Sensitive detector

GeoModelXML

Gmx2Geo

GeoModel2G4

Geant4
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Conclusion

• Timing information will play a crucial role to mitigate the impact of pile-up in the
challenging environment of the HL-LHC

• Significant improvements in object level reconstruction: Pile-up, jet tagging, Lepton
isolation, etc

• HGTD Geometry with XML-based format has been implemented in GeoModelXML

• Ongoing work on the  refinement of the HGTD components and the implementation of
services outside the vessel

• Material distribution is studied to understand the performance of the detector
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Thank you!



The High Luminosity LHC

From 2026, LHC will be upgraded, In 2029, LHC will run in “High Luminosity" 
called HL-LHC

• Increase the number of collisions per unit of time

• The instantaneous luminosity will be approximately a factor of ~5 – 7.5 higher than the LHC nominal values

• Average number of interactions per bunch crossing (pile-up events) reaches 200

o High pile-up density ➔ increasing reconstruction complexity

•  HL-LHC promises to provide 15 times the present data sample

….

HL LHC: Pile-up of 200


