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Introduction

 HL-LHC: √s=14 TeV and Lpeak=7.5x1034cm-2s-1

 Foreseen start: end 2026

 Main challenge: pile-up!
 About 200 collisions per bunch crossing 

 σt=180ps and σz =50 mm

 Overlapping vertices

 Energy/mass measurement deterioration

 Additional fake pileup jets

 Main handle against pileup is the tracker that will be 
extended up to |η| = 4.0 but timing information can 
help to further reduce pile-up effect 
 orthogonal to spatial information

 a detector with O(10)ps timing resolution could meaningfully

distinguish between interactions

 High-Granularity Timing Detector
 Between tracker and EM calorimeter (2.4<|η|<4.2)

 4 Si (LGAD) layers with 1.3x1.3 mm2 sensor size

 Goal: achieve 30 ps time resolution per m.i.p
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The pile-up challenge

 In the forward region, the pile-up density is higher than the spatial z Resolution

 Merging of primary vertices and overlapping pile-up tracks to the hard-scatter 

vertex
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Simulation

 Full simulation based on Geant4:
 Geometry slightly different than the current detector baseline

 Should have litte impact on the performance

 Will be updated when project approved

 Sensor size: 1x1mm2 instead of 1.3x1.3 mm2

 Signal shape and noise taken from test beam

 σt=32ps/cell

 Fast simulation:
 Assign to all ITk tracks within HGTD acceptance a time given 

by the truth time of the track, smeared by a Gaussian with 
sigma=30ps

 Assumes 60ps hit resolution and 4 planes and 100% track-
HGTD matching efficiency
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TDCTimeWalkjitterLandaut  

Room for improvements with more 

sophisticated pattern recognition 

algorithms



Track-to-vertex association
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 The association of tracks to vertices relies on assigning tracks 

that are geometrically compatible in z with the vertex position.



Track-to-vertex association

Pile-up jet misidentified as hard-scatter jet
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Track-to-vertex association
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Pile-up track contamination in hard-scatter jets



Track-to-vertex association
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 Timing information is an additional 

handle to reject pile-up

 HGTD can resolve pile-up from 

hard-scatter tracks that are within 

the ITk z0 resolution



Track-to-vertex association for jets

 Reduction of the pile-up track contamination in jets in the forward region thanks 

to the High Granularity Timing Detector (up to a factor 4)
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Pile-up jet rejection
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Improved pile-up jet suppression 

in the forward region thanks to 

improved track-to-vertex 

association

Pile-up jet rejection 
based on tracking 
information:

Run1



Pile-up jet rejection
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Improved pile-up jet suppression 

in the forward region thanks to 

improved track-to-vertex 

association

Pile-up jet rejection 
based on tracking 
information:

Run1



Electron isolation
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Lepton isolation based on

tracking information:

The efficiency is defined as the 

probability that no track with

pT > 1 GeV other than the signal track 

is within R = 0:2 from the electron.



Electron isolation
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10%-20% efficiency improvement

Efficiency independent of pile-up density

Lepton isolation based on

tracking information:

Full Sim



B-tagging
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Up to x3.5 improvement

in forward b-jet tagging

 B hadrons have significant lifetime
 Secondary vertex (SV)

 Impact parameter (IP)

 Combine in multivariate discriminant (MV)



Missing transverse momentum
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 Up to 50% reduction of missing transverse momentum tails thanks to:

 Improved pile-up jet suppression in the forward region

 Improved soft term track missing transverse momentum resolution

Preliminary
Preliminary



Luminosity for HL-LHC

 Goal for HL-LHC: 1% accuracy

 The luminosity measurement at HL-LHC will 

be a challenge, as traditional detectors 

and methods are no longer useable when 

the pile-up is too high

 HGTD provides unique capabilities for 

measuring the luminosity at the HL-LHC 

 High granularity → low occupancy → good 

linearity between the occupancy and luminosity

 Fast signal → bunch by bunch measurement and 

background subtraction

 Fast read-out (40MHz) → online measurement for 

luminosity-levelling

 The proposal is to read out only the outer 

radial range (2.4<|η|<3.15)

Nikola Makovec 16

Excellent linearity observed!

Full Sim



Conclusion

 Precise timing information is a powerful new tool to improve detector performance 

at HL-LHC

 The HGTD brings clear improvement for physics objects performance in the forward 

region: track-vertex association, jet/MET, b-tagging, leptons …

 The good time resolution compensates for the low z0 ITK resolution

 In addition, the HGTD could be used as luminometer thanks to low occupancy of the 

outer-radii sensors and the good timing resolution 

 Could be used for online for luminosity leveling

 It is only the beginning and more work and creativity is needed to fully exploit the 

timing information of the HGTD
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Back up
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Track-to-vertex association

 The association of tracks to vertices relies on assigning tracks 

that are geometrically compatible in z with the vertex position.
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Track-to-vertex association

 Reduction of the pile-up track 

contamination in jets in the forward 

region thanks to the High Granularity 

Timing Detector
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Luminosity for HL-LHC

 Goal for HL-LHC: 1% accuracy

 The luminosity measurement at HL-LHC will 

be a challenge, as traditional detectors 

and methods are no longer useable when 

the pile-up is too high

 HGTD provides unique capabilities for 

measuring the luminosity at the HL-LHC 

 High granularity → low occupancy → good 

linearity between the occupancy and luminosity

 Fast signal → bunch by bunch measurement and 

background subtraction

 Fast read-out (40Mhz) → online measurement for 

luminosity-levelling

 To reduce costs, the proposal is to read out 

only the outer radial range (2.4<|η|<3.15)
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tH
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HGTD as a Luminosity Detector

 The idea of using the HGTD as a luminometer is that the occupancy will be linearly 

related to the luminosity.

 If the occupancy can be read out at 40 MHz, then the luminosity can be determined bunch-by-bunch, and 

independently of the ATLAS trigger.

 Plan is that the ASIC provide dedicated readout of the occupancy information, for every bunch crossing. 

Measurement of the luminosity available both online and offline.

 All ASICs will have the capability to send the luminosity information, but for cost 

purposes only two discs on each side will be used, and only ASICs at a radius greater 

than 300 mm (2.4 < |η| < 3.15).

 Approximately 80% of the area of the equipped discs are read out, or 40% of the total area of the HGTD 

detector.

 The data is sent via the flex cables to lpGBTs, and then through optical fibres to the counting rooms where 

dedicated luminosity electronics will handle the data (aggregate the occupancy information).
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