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The HL-LHC challenge

■ Radiation hardness 
for fluences up to 1016 
neq/cm2


■ Increased nr. particles

□ higher occupancy

□ larger event size

□ higher trigger rates

□ more complex 

reconstruction
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PoS(EPS-HEP2015)018
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the charged tracks. This will substantially improve the VBF/VBS jets identification and the 
missing transverse energy measurement.  
   

             
Figure 4: Simulation of the reconstruction of 140 pileup p-p collisions in the CMS tracker. 

 
The main new feature for the pixel detectors will be the smaller size of the pixels in the 

range of 50 x 50 µm2 to 25 x 100 µm2 for improved resolution. 
In the outer tracker the strip length will be divided by roughly a factor 4, to about 2.5 

cm and 5 cm depending on the radius, to produce similar level of occupancies as with the 
current detectors and operating conditions. The strip pitch will be in the range of 75 µm to 90 
µm to provide appropriate resolution with a binary readout. A major innovation with the new 
trackers will be to implement tracking information at the hardware trigger level of the 
experiments. The proposed trigger and data acquisition (DAQ) schemes for ATLAS and CMS 
are presented in figure 6. With improved transverse momentum precision and the possibility to 
perform track isolation and vertex association, the background rates will be strongly reduced 
while maintaining the signal acceptance. In CMS, a special module design with two close 
sensors, with parallel strips, will allow sending hit information to the trigger at the 40 MHz 
beam crossing frequency, for tracks with transverse momentum greater than 2 GeV. The hit 
position difference measured in a common frontend chip for the two sensors will depend on the 
track bending in the high magnetic field, allowing the selective readout of the proper hits. In the 
backend electronics (BE), the tracks will be reconstructed and fitted and then coupled with the 
information of other detectors to produce trigger objects for the event selection. In Atlas, 
information from the muon systems and the calorimeters will trigger readout of regions of 
interest in the tracker at 1 MHz, the tracks will then be reconstructed in the BE electronics and 
then matched to other detector information for the final trigger decision.  ATLAS modules will 
feature two sensors with stereo angle for measurement of the z-coordinate, in CMS, due to the 
specific feature of the modules for trigger purpose, the z-measurement will be obtained in the 
three first layers with one of the two sensors having mini-strip (macro-pixels) of 1.5 mm length.   
 

 
Figure 5: Configuration of the Phase II trackers in ATLAS (left) and CMS (right). 

CMS simulation of 140 p-p collisions 

CMS 

ATLAS 

  : max achieved in Run 3⟨μ⟩ ≈ 80

 : HL-LHC⟨μ⟩ = 200

A major programme of detector upgrade is ongoing to face the HL-LHC conditions
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Pileup in ATLAS at the HL-LHC
■ HL-LHC: instantaneous luminosity 5 times higher than 

Run 2 → 200 simultaneous interactions on average

□ 1.4 vertices / mm @ PU = 200 → avg. spacing of 700 μm

2.3 Detector layout and optimisation

|η true track |
0 0.5 1 1.5 2 2.5 3 3.5 4

m
]

µ)[ 0
(z
σ

210

310

410

510
ATLAS Simulation 

, analogue clustering2mµ, ITk Layout, 50 x 50 µSingle 

 = 1 GeV
T

p
 = 10 GeV

T
p

Figure 2.6: Resolution of the longitudinal track impact parameter, z0, as a function of h for muons of
pT = 1 GeV and pT = 10 GeV using ITk alone.
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Figure 2.7: Material budget in radiation length X0 (left) and nuclear interaction length l0 (right)
as a function of pseudo-rapidity h, broken down by sub-system and material category for the ITk
Layout [6] and beam pipe.

sizes, both electronic noise and physics occupancy are smaller, while the number of channels
to be instrumented and the cumulative area of inter-pad dead zones are larger. The size
was chosen to give a maximum occupancy of less than 10% in the modules exposed to the
highest particle fluxes near the smallest instrumented radius. The choice also ensures a low
double-hit probability for a single pad in one bunch crossing. Unifying the pad size across
the entire detector also simplifies the production of sensors and assembly of the detector.

Each LGAD module contains 30 ⇥ 15 pads, for a total area of 4 ⇥ 2 cm2. There are in total
8032 modules in the HGTD. The layout of modules was defined by maximising the coverage
and minimising the effect of non-instrumented regions. The overlap between modules on the
front and back of the disk was then optimised to give approximately uniform performance

11

700 μm

 

Avg. true vertex 
separation at 

200 PU

Vertices 
spatially 
separated

Vertices 
spatially 
merged

HGTD instrumented 
region

Challenge of separating the 
interesting collision vertex from 

pileup in the forward region
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HGTD working principle

4

■ Interactions overlapping in space happen at 
different times during the bunch crossing

□ gaussian with rms spread of 50 mm ≈ 175 ps

2 Detector Requirements and Layout

Figure 2.1: Local pileup vertex densities at generator level for two values of hµi: hµi = 30 and
hµi = 200.

the truth interaction time as a function of the z position, for one single Hard Scatter (HS) tt̄
event with hµi=200.

While the tracker resolution in z0 is better than the typical distance between two vertices, the
vertex reconstruction with ITk allows vertices to be separated. This is mainly the case in the
central region (see Figure 2.6). When the z0 resolution degrades, and becomes larger than
the distance between two vertices, precision timing allows these vertices to be separated,
reducing the density of vertices which are considered for a given track. The dispersion in
time, for a given z, is visible in Figure 2.2.
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Figure 2.2: Visualisation of the truth interactions in a single bunch crossing in the z–t plane, showing
the simulated Hard Scatter (HS) tt̄ event interaction (red) with pileup interactions superimposed
(black) for hµi = 200.
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Vertex time information : a new 
dimension to identify pileup

Requires a time resolution ≤ ~50 ps/track

■ Per-track 
timing 
information 
can distinguish 
overlapping 
interactions

ITk resolution 

HGTD resolution 

HGTD TDR

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2020-007/
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HGTD detector overview

5

■ Instruments the forward region 2.4 < |η| < 4

□ active region 12 < r < 64 cm


■ LGAD technology for particle detection


■ Tightly constrained z envelope of 12.5 cm

2.2 Detector overview and requirements

2.2 Detector overview and requirements

The HGTD is being designed for operation with hµi = 200 and a total integrated luminosity
of 4000 fb−1. Taking into account the space constraints of the existing ATLAS Experiment,
including the more advanced planning for the tracker upgrade when R&D on the HGTD
began, the HGTD will be located in the gap region between the barrel and the end-cap
calorimeters, at a distance in z of approximately ± 3.5 m from the nominal interaction point.
This region lies outside the ITk volume and in front of the end-cap and forward calorimeters,
in the volume currently occupied by the Minimum-Bias Trigger Scintillators, which will be
removed. The position of the two vessels for the HGTD within the ATLAS detector is shown
in Figure 2.3.

Figure 2.3: Position of the HGTD within the ATLAS Detector. The HGTD acceptance is defined as the
surface covered by the HGTD between a radius of 120 mm and 640 mm at a position of z = ±3.5 m
along the beamline, on both sides of the detector.

The envelope of the detector vessel has a radial extent of 110 to 1000 mm. The envelope in z
is 125 mm, including the neutron moderator, supports, and front and rear vessel covers. A
50 mm-thick moderator is placed behind the HGTD to reduce the back-scattered neutrons
created by the end-cap/forward calorimeters, protecting both the ITk and the HGTD. A
silicon-based timing detector technology is chosen due to the space limitations. The sensors
must be thin and configurable in arrays. In close collaboration with RD50 [4] and few
manufacturers, an extensive R&D program is still ongoing. However baseline sensors that
can provide the required timing resolution in the harsh radiation environments were already
produced by three different vendors. LGAD [5] pads of 1.3 mm ⇥ 1.3 mm with an active
thickness of 50 µm fulfil these requirements. This pad size ensures occupancies below 10%

7

■ Two double sided CO2-cooled instrumented 
disks per endcap

□ 2—2.6 hits / track → 50 (70) ps resolution/hit to 

achieve 35 (50) ps/track at start (end) of lifetime

□ 3.6M readout channels

□ rad hardness : up to 2.5 ⨉ 1015 Neq/cm2, 2 MGy


■ Timing + per-bunch luminosity measurement 
(target 1% lumi precision) ⌀  = 2m 
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French contributions to HGTD

6
⌀  = 2m 

Mechanics

ASIC development and testing

Module assembly and testing

Testbeam

Surface commissioning

Simulation and performance 

Large implication of French IN2P3 laboratories 
in several areas of the HGTD project

🇫🇷
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How to measure time?

7

time

V t₀

threshold

peak amplitude

ToA

ToT

💥

Particle crossing the detector

Charged particle crosses the sensor 
creating a signal of charge Q

Signal preamplified and shaped 

Hit : signal compared against a fixed 
reference threshold 

Time of arrival (TOA) 
Time over threshold (TOT)

⨉ N pixels
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Time resolution

8

σ2
t = σ2

Landau + σ2
jitter + σ2

timewalk + σ2
TDC + σ2

clock

HGTD requirement : 
30 - 50 ps 
(begin - end of detector 
lifetime)
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Time resolution

9

σ2
t = σ2

Landau + σ2
jitter + σ2

timewalk + σ2
TDC + σ2

clock

HGTD requirement : 
30 - 50 ps 
(begin - end of detector 
lifetime)

25 ps

Sensor contribution : non uniform ionisation along the particle track

Intrinsic limitation 
from a silicon 

detector
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Time resolution

10

σ2
t = σ2

Landau + σ2
jitter + σ2

timewalk + σ2
TDC + σ2

clock

HGTD requirement : 
30 - 50 ps 
(begin - end of detector 
lifetime)

25 ps [10 fC] 
65 ps [4 fC]25 ps

ASIC contribution : electronic noise causes variations of threshold crossing time

σjitter = N / (dV/dt) ≈ trise / (S/N)

High S/N and fast electronics to minimise jitter

 ,       N ∝ BW dV/dt ∝ BW ⟶ σjitter ∝ 1/ BW
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Time resolution

11

σ2
t = σ2

Landau + σ2
jitter + σ2

timewalk + σ2
TDC + σ2

clock

HGTD requirement : 
30 - 50 ps 
(begin - end of detector 
lifetime)

25 ps [10 fC] 
65 ps [4 fC]25 ps < 10 ps  

(corrected)

σtimewalk = [ Vth

S/trise ]
RMS

ASIC+sensor contribution 
Landau fluctuations cause variations of the signal amplitude, crossing time changes

Corrected offline from the 
amplitude measurement 

 

Requires time-over-
threshold (TOT) information
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Time resolution

12

σ2
t = σ2

Landau + σ2
jitter + σ2

timewalk + σ2
TDC + σ2

clock

HGTD requirement : 
30 - 50 ps 
(begin - end of detector 
lifetime)

6-7 ps 
25 ps [10 fC] 
65 ps [4 fC]25 ps < 10 ps  

(corrected)

ASIC contribution 
 
requires sufficiently small TDC 
quantisation step (LSB) and excellent 
linearity and stability of the TDC

σTDC = LSB/ 12
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Time resolution

13

σ2
t = σ2

Landau + σ2
jitter + σ2

timewalk + σ2
TDC + σ2

clock

HGTD requirement : 
30 - 50 ps 
(begin - end of detector 
lifetime)

< 10 ps 6-7 ps 
25 ps [10 fC] 
65 ps [4 fC]25 ps < 10 ps  

(corrected)

System-level contribution 

Precise 
distribution of the 

clock over the 
entire detector
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Sensors : LGADs
■ Low Gain Avalanche Diodes technology

□ n-in-p diode structure + additional p-type gain layer : 10-40 gain

□ fast rise time, good S/N ratio → ideal for timing


■ HGTD LGAD design

□ 15⨉15 pads, 1.3⨉1.3 mm2 pad size, 775 μm device thickness, 50 μm active region 

□ 2 designs (IHEP and USTC) deployed in the final detector
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ATLAS HGTD■ Problem : acceptor removal from 
irradiation causes gain loss → recovered 
by increasing Vbias → local breakdown 
causing single event burnout (SEB)


■ Solution : carbon-enriched gain layer for 
lower operation voltages


■ Pre-production completed, characterised 
and validated

arXiv:2512.01855

Low resolution 

SEB 
regionHGTD operation region

https://arxiv.org/abs/2512.01855
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Sensors

15IHEP-IMEv2 LGAD sensor wafer
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Readout chip : ALTIROC

■ Power dissipation < 1.2 W


■ Achieves jitter < 25 (65) ps @ 10 (4) fC


■ Minimal detectable charge of 2 fC


■ Triplicated architecture : radiation hard 
up to 2 MGy


■ Begin of R&D (2016) ALTIROC 0 → 1 → 2 
→ 3 → A - production version (2025) ALTIROC-A on a test board 

Chip size 19.9 ⨉ 22.5 mm2

■ 130 nm CMOS technology from TSMC


■ 15⨉15 matrix providing for every pixel:

□ time-of-arrival (TOA) and time-over-threshold (TOT) with 20 ps least 

significant bit (LSB)

□ number of hits in two windows: per-bunch luminosity
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ALTIROC characterisation
> 95% eff. for Q > 1.7 fC Jitter < 20 ps for Q > 10 fC TDC linearity verification

Full 
characterisation of 

the ASIC in lab 
test bench ▶︎ 

◀︎Radiation hardness 
tests : TID and SEU 

ASIC probing at wafer 
level for ASIC QC ▶︎

17 wafers ≈ 2000 ASIC probed for preproduction 
Yield ~ 80%

Chip performance is stable at various doses received

Very extensive campaign of study and characterisation

12” wafers, ~130 ASIC/wafer

HGTD Public plots

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HGTDPublicPlots
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HGTD modules

■ Hybrid = sensor+ALTIROC (bump-bonded)


■ Two hybrids glued with epoxy to a PCB 
module flex

□ wire bonding from ASIC to module flex


■ Tight assembly tolerances with ~100 μm 
precision positioning

□ both manual (jig) and automated (gantry) 

methods 


■ In total 8032 modules in the HGTD, 
assembled in a total of 6 sites 

High density wire bonding with staggered pads

Flex tail connector

ASIC

Module flex

Sensor Glue
Bump bonding

22.5 mm

40.43 mm
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Module assembly at IJCLab

■ Modules are assembled in a 
clean room in bldg. 200


■ Mechanical process

□ alignment with jigs

□ glue dot deposition with stencil

□ parallel setup, 6 modules/jig


■ Automated metrology

19
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Module testing at IJCLab
■ Custom FPGA-based readout setup


■ Electrical tests and thermal stresses cycles 

20

→ internship of A. Pauchkov (Kyiv U.) 
for the characterisation of the module 
performance at various operating 
temperature conditions 
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Performance measurements
■ Ongoing campaigns of characterization in testbeams at SPS and DESY and with 90Sr source setup

□ 120 GeV pions (SPS), 5 GeV e- (DESY), ≤ 2 MeV (90Sr)

□ time reference provided by MCP-PMT, spatial reference by beam telescope


■ Extensive studies of performance and TOA calibration (time walk correction, LSB calibration)

Full module

Fully efficient at the center of the pixels 
(reference : ALTIROC 3 TB results)

Resolutions at 40-50 ps / hit are obtained 
(reference : ALTIROC A TB results )

Hybrids mounted on test board

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HGTDTestBeamALTIROC3
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HGTDTestBeamALTIROCA
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HGTD detector units and loading
■ Modules are glued in groups onto Support Units (SU) 

to form Detector Units (DU)

□ SU material : PEEK (radiation hard)

□ provide mechanical protection and handling


■ Loading procedure via gantry or mechanical alignment 
with dedicated plate + glue dispensing robot 

22

24 “front” type + 24 
“back” types for each 
quadrant 

In total 768 DU to be 
loaded and installed in 
HGTD
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Integration and readout

■ DUs are integrated on the 
cooling plate with the ASIC in 
direct contact with the cold 
surface


■ Peripheral Electronic Boards 
(PEBs) are connected to 
modules via flex tails and 
provide the interface with the 
ATLAS experiment

□ PEBs handle power and HV 

distribution, slow control, 
interlocks, and readout

23

HGTD vessel

PEB

HGTD quarter disk
Detector Unit

~14 cm

⌀  = 2m 

120 mm < ractive < 640 mm 
~30 cm
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A view of the HGTD structure

24

⌀  = 2m 
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Conclusions

25

■ HGTD is an innovative upgrade of 
the ATLAS experiment


■ Instruments the forward 
rapidity region 
and provides 
timing 
information 
with 
35-50 ps/track 
resolution

■ Required timing performance of 50 ps / hit achieved 
with final ASICs and sensors in test beams


■ A large effort ongoing in characterising the design and to scale up for the detector construction 
→ target completion of vessel 1 in Fall 2027 and vessel 2 in Spring 2028



Additional material
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ATLAS Phase-II upgrades

27

Trigger + DAQ 
L1 Trigger : 1 MHz output 

(⨉10 w.r.t now) 
High Level Trigger : 10 kHz output 

(⨉3-5 w.r.t now)

Luminosity and beam conditions 
monitor 

LUCID redesigned 
New 3D-diamond beam monitor 

New pixel lumi ring 
HGTD lumi info

HGTD 
Timing information

Muon spectrometer 
New RPC and sMDT 

detectors in barrel 
Extended forward coverage 

with TGC 
Improved trigger efficiency 

and resolution, reduce fakes

LAr and Tile calorimeter 
Electronics upgrade 

40 MHz readout for trigger

Inner Tracking detector (ITk) 
All silicon 

Reduced pixel size 
5 pixel + 4 strip layers 
Coverage up to |η| < 4
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The high-luminosity LHC

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

LHC

LS1 LS2

7TeV
8TeV

13TeV 13.6 TeV

75% nominal  
luminosity

2x nominal  
luminosity

nominal  
luminosity

25 fb-1 150 fb-1 500 fb-1

Run 1 Run 2 Run 3

Exp.:
Beam pipe

Machine:
Splice consolidation

2023

Exp.:
Upgrade Phase1

Machine:
Injector
upgrade

2025

LS3
2027

14TeV
5x nominal  
luminosity

2041

3000 fb-1

Energy

instan. 
luminosity

integrated
luminosity

High  
Luminosity
LHC

2024 2028 20292029 2030
Machine:
HL-LHC 
installation

Exp:
Upgrade Phase2

2026

LS3 just started!

■ HL-LHC will deliver ~3000 fb-1 to each of ATLAS/CMS in ~10 years of operations

□ to be compared against the currently available data set of 500 fb-1


□ machine upgrade to increase instantaneous luminosity (up to 7.5 ⨉ 1034 cm-2 s-1) : 5⨉ nominal luminosity
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The HL-LHC physics reach

29

arXiv:2504.00672

Unprecedented precision in the SM 
characterisation and exploration

Observation of HH production 
(4.5σ per exp., 7.6σ comb) 

30% precision on the Higgs boson self-coupling

+ Observation of rare SM processes (e.g. tttt) 
+ Precise SM test at the TeV scale 
+ Searches for BSM physics

Observation of WLWL scattering

2-7% determination of Higgs couplings

https://arxiv.org/pdf/2504.00672
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Impact on pileup rejection

■ Association of HGTD timestamp to track to arbitrate  
the association of tracks to the hard scatter 
interaction


■ 20-40% better rejection of pileup contribution, 
especially at lower pT

30
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Impact on reconstruction

31

3.3 Physics object performance
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Figure 3.20: Pileup jet rejection as a function of hard-scatter jet efficiency in the 2.4 < |h| < 4.0
region at the beginning of the lifetime of the detector, VBF H to invisible sample, for the ITk-only and
combined ITk + HGTD reconstruction.
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Figure 3.21: Relative pileup jet rate as a function of jet pseudorapidity, for jets with 30 GeV < pT <
50 GeV.
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3.3 Physics object performance

ITk-only and HGTD scenarios, where all electrons no matter whether a timing measurement
is available or not are included in the denominator. The isolation efficiency is shown for
both the initial time resolution of the detector as well as the time resolution at the end of
lifetime as shown in Figure 2.13.
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Figure 3.23: The efficiency for electrons to pass track-isolation criteria, denoted as e(piso
T ), as function

of the local vertex density, for the ITk-only and ITk+HGTD scenarios. The isolation efficiency is
shown for both the “initial” time resolution of the detector as well as the “final” time resolution at
the end of lifetime as shown in Figure 2.13.

While the efficiency drops with increased pileup vertex density when using only the ITk, the
addition of the HGTD timing information reduces this drop, keeping an efficiency above
85% even at high pileup density, i.e. with up to three additional vertices per mm around the
hard-scatter vertex on average. For a local pileup density of the order of 1.6 vertices/mm
the electron isolation efficiency is improved by about 10%, which corresponds to a factor of
two reduction of the inefficiency. These results show that the expected HGTD performance
is sufficient to achieve a forward lepton track isolation efficiency essentially independent of
the pileup vertex density and at a level similar to that achieved in the central region. The
study of the impact on the isolation efficiency for background electrons produced inside jets
or from misidentification is beyond the scope of the study in this document. The result from
this study is later applied in the study of the sensitivity improvement in the weak mixing
angle measurement.

3.3.5 Additional applications

While improvements in the performance of jets and forward leptons have been demonstrated
in the previous sections, the incorporation of timing information into the full suite of ATLAS
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Previous study

2!. #$%&'(&%
From old release

• HGTD (red) performs better than 
ITk-only layout (black and blue)

• Improved the light-jet rejection
by ~ 30% at 78% b-jet efficiency 
endpoint 

Improved isolation for e, 𝛾 Improved rejection of PU jets Reduced b-tagging mistag rate

Rejection of pileup at the 
individual track level Important impact on most physics objects performance

■ Impact for all physics processes with forward objects (e.g. vector boson fusion)


■ A lot of work ongoing to include HGTD information in software and update reco algorithms

HGTD TDR

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2020-007/
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Single Event Burnout

32

■ Acceptor removal from irradiation causes gain loss → recovered by increasing Vbias → local 
breakdown causing single event burnout (SEB)


■ SEB discovered in test beam in 2017-2019 : sensors lost with fluences > 1.5x1015 neq/cm2


□ caused by field collapse under high concentrations of free carriers

O(10) μm
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SEB and safe operation region
■ A safe operation region is defined and requires Vop < 11 V / μm


■ For HGTD sensors (50 μm) : operating voltage Vop < 550 V ⟹ additional constraints to keep lower 
Vop while preserving gain


■ Solution : carbon-enriched gain layer to lower Vop while keeping similar gain
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φeq = 2.5 ⨉ 1015 cm-2 (reactor neutrons) 

Insufficient resolution

SEB region 
 550 V≳

Carbon implanted LGADs in HGTD
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ALTIROC
■ Pixel analog front-end

□ 1 GHz preamplifier + high-speed discriminator

□ Two TDC for TOA and TOT


■ Pixel digital part

□ one SRAM buffer with 38.4 μs latency

□ zero suppress logic (trigger hit selector + matched hit buffer)
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■ End of Column : readout of pixel column + transfer data 
to trigger and lumi data processing units

■ Analog periphery for bias, threshold DAC, PLL, phase 
shifter, clock, …


■ Digital periphery : fast command decoder, I2C slow 
control, timing and lumi data transmission

⨉225

⨉15
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ALTIROC versions and R&D
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Nathalie Seguin-Moreau (link)

~10 years of R&D from initial prototypes to final production version

https://indico.pnp.ustc.edu.cn/event/4580/contributions/32120/attachments/11710/18291/ALTIROC_TAU_CHARM_Workshop.pdf
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Time measurements with ALTIROC 
■ Challenge : TOA TDC with 20 ps binning

□ cfr : 100 ps in CERN Timepix4


■ Vernier Delay Lines with LSB adjusted via Vctrl

□ TOA : configuration in pair (120 ps STOP line catching 

up the 140 ps START line)

□ TOT : 160 ps LSB line


■ High power consumption from TDCs → conversion 
only when a hit is present
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Main challenge : ensure 
stability with voltage drops 
inside the chip 

Higher occupancy → higher 
current recalled by the TDCs 
→ IR drop → changes in the 
Vctrl 

Solved in ALTIROC 3 
by introducing 
separated TDC power 
bus 

Drawback : duplicated 
I/O pad row → much 
more complicated wire 
bonding
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Luminosity measurement
■ ALTIROCs in the outer ring stream the total number of hits in two windows at 40 Mhz


■ Readout off-detector boards (FELIX) boards aggregate the hits in 16 independent regions
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16 independent region in the outer 
ring (470 < r < 640 mm)

Central time window counts (7 bits) 
Sideband time window counts (5 bits)

Bunch-by-bunch luminosity determination Target : 1% precision
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Hybridization

38

■ HGTD Hybrid = sensor+ALTIROC (bump-bonded)


■ Bump bond process

□ under-bump metallisation : deposition of metal on the sensor 

and ASIC pads

□ placement of solder ball on the ASIC

□ dicing of the wafers to obtain individual sensor and ASIC dies

□ flip-chip to connect ASIC and sensor pads


■ Two hybridisation sites

□ NCAP (China)

□ IFAE (Spain)

Diced ALTIROC wafer with bumps deposited

Hybrids ready after flip chip
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Assembly of HGTD modules
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Jig based (manual) Gantry based (semi-automatic)

Mechanical alignment of parts 
6 modules glued in parallel 
Glue deposition using 
dispensing robot or stencil  
EU + Morocco assembly sites 

Glue deposition + alignement 
automated with a gantry with a 
camera for image recognition 
Assembly in China 
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Bump connectivity

40

■ Several redundant bump connectivity tests

□ gain measurement :  : detect 

disconnected pixels (smaller ) : from the measurement 
of the DAC threshold for two different 


□ TOT measurement :  : smaller TOT for 
disconnected pixels


□ source scan with 90Sr beta source : direct measurement

Vout = Qinj Gpa/Cd
Cd

Qinj

tfall ∝ Rin Cd

Verification of 
individual bump 

connectivity 
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Module thermal cycling
■ Silicon and module flex (w/ copper) have different CTE : stress 

on bumps under thermal cycles

□ large failures observed in first prototypes with ALTIROC 3


■ Extensive test of thermal stress properties (arXiv;2509.14045)

□ finite element simulation + lab measurements with thermal cycles of 

HGTD modules


■ Choice of unthinned sensors (775 μm) for better resistance 
against thermal cycles + optimal glue pattern
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Estimated to fulfil the HGTD 
lifetime requirements

Extreme TC beyond HGTD operating range

Thin (300 μm) module after 15 TC Thick (775 μm) module after 120 TC
Note : pixel 0 (bottom left) intentionally disconnected

https://arxiv.org/abs/2509.14045
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Module test setup

■ FPGA-based readout system

□ two readout firmware and software developed


■ Readout system scaled up to read 6 modules in 
parallel (12 ASICs) to improve testing speed


■ Results stored in an ATLAS-wide production DB
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Test setup ready and deployed at all assembly 
sites, 6 modules characterised in parallel
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Modules QA / QC procedures
■ IV characteristic curve


■ Alignement of pixel thresholds and 
verification of response for a standard 
charge Q ~ 5 fC


■ Verification of the linearity of the TOA 
and TOT TDCs


■ Bump connectivity and source scan 
verification


■ Currently preproduction ongoing (~5% 
of HGTD), full production will run until 
early 2028
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Testbeam and source measurements
■ Two types of setup for performance characterisation 

□ test beam (includes tracking)

□ source setup (no tracking, limited rate, higher availability) 


■ Time reference provided by MCP-PMT, spatial reference by 
beam telescope
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Δt = TOA × LSB − (tclock − tMCP)
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Peripheral Electronic Boards
■ Peripheral Electronic Boards handle power and HV distribution, slow 

control, interlocks, and readout


■ Very complex board (22 layers PCB)

□ lpGBT and VTRx+ for timing and lumi data

□ bPOL 12V DC-DC converters (up to 28 per LV channel) : mitigation 

strategies being designed for the current bPOL issue

□ independent HV channel (1 per module)
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6 different flavours of PEB, all with very tight geometrical envelope
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Assembly at CERN
■ Assembly tooling in a clean room at b180 @ CERN


■ Used to install SU onto cooling plate, and test at surface each assembled 
half-disk at the operation temperature of -30 °C with CO2 cooling
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CO2 cooling
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■ CO2 dual phase cooling system


■ The detector will be operated at -35 °C


■ ASICs are in direct contact with the 
cooling plate (highest heat load)


■ Cooling power of 20 kW/end-cap
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Demonstrator and Module-0
■ Early thermal demonstrators


■ 1st generation demonstrator 
assembled with R&D modules of 
type ALTIROC-2 and 3

□ test of the installation procedures, 

test of PEB readout (JINST 19 
(2024) C12012), cooling tests


■ 2nd generation demonstrator to be 
assembled in 2026

□ ALTIROC A modules : full study of 

the final system performance


■ A one-side full quarter of HGTD 
(Module-0) will be built in 2026

□ practice full scale test and 

integration procedures
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First generation ▶︎ 
demonstrator  

(ALTIROC 2 + 3)

Module-0 ▶︎ 
(ALTIROC A)

◀︎ Second generation demonstrator 
(ALTIROC A)

https://iopscience.iop.org/article/10.1088/1748-0221/19/12/C12012
https://iopscience.iop.org/article/10.1088/1748-0221/19/12/C12012
https://iopscience.iop.org/article/10.1088/1748-0221/19/12/C12012
https://iopscience.iop.org/article/10.1088/1748-0221/19/12/C12012

