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The ATLAS liquid argon calorimeters
– sampling calorimeters, active medium = liquid argon

– EMB & EMEC: accordion-like lead structures

– HEC absorbers: parallel copper plates

– FCal: copper/tungsten matrix

– signal inputs to level-1 trigger (L1Calo)

https://project-hl-lhc-industry.web.cern.ch/content/project-schedule

Moustapha Thioye: CERN-THESIS-2008-063

ATLAS Collaboration, The ATLAS experiment at the CERN Large Hadron Collider, JINST 3 (2008) S08003.
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LAr activities during LS2

– Phase-I LAr upgrade project

→ installation of the new Digital Trigger (DT) readout electronics

→ refurbishment of Front-End (FE) crates

– Trigger Time and Control (TTC) system upgrade

– validation of main readout and Digital Trigger:

→ cosmics data taking

→ October 2021 test collisions

https://atlas.cern/updates/briefing/upgrading-LAr-calorimeter
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Digital Trigger - Motivation
– analog trigger: ∼ 6000 "Trigger Towers"

→ sum energy deposit across calorimeter layers

– Digital Trigger:

→ usage of digitized samples

→ "Super Cells" with factor ∼ 10 increased granularity

→ can keep 𝑝T thresholds in busier luminosity environment

https://lapp.in2p3.fr/spip.php?article1918&lang=en

Technical Design Report
December 2, 2013

ATLAS
Liquid Argon Calorimeter Phase-I Upgrade

(a)

(b)

Figure 1. An electron (with 70 GeV of transverse energy) as seen by the existing Level-1 Calorimeter trigger
electronics (a) and by the proposed upgraded trigger electronics (b).

• Long Shutdown 3 (LS3): 2022−2023. The LHC will undergo a major upgrade of its compo-
nents (e.g. low-β quadrupole triplets, crab cavities at the interaction regions).

• High-Luminosity LHC (HL-LHC): 2024− 2030 and beyond. The LHC complex will deliver
levelled instantaneous luminosity L = 5×1034 cm−2 s−1 (Phase-II operation) and an annual
integrated luminosity of 250 fb−1, i.e. up to 3ab−1 after 12 years of running.

1.2 ATLAS upgrade plans up to 2030 and beyond

To optimize the physics reach at each phase of the accelerator complex upgrades, ATLAS has
devised a staged program in three phases, corresponding to the three long shutdowns.

The upgrades during LS1 consist of consolidation of the existing sub-detectors including the
installation of a fourth (inner) layer for the pixel detector requiring a new, smaller radius central (Be)
beam pipe, additional chambers in the muon spectrometer to improve the geometrical coverage,
and more neutron shielding in the muon endcap toroids.

After LS2, instantaneous luminosities of L ∼ 2.2×1034 cm−2 s−1 are expected with 25 ns bunch
spacing and the average number of interactions per crossing will be 〈µ〉 ∼ 60. If ATLAS is to exploit
this increase in luminosity and maintain a low-pT lepton threshold (∼ 25 GeV) in the Level-1 trigger

2 Chapter 1: Overview of the Phase-I LAr upgrade project

ATLAS Collaboration, ATLAS Liquid Argon Calorimeter Phase-I Upgrade Technical Design Report, ATLAS-TDR-022.
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Digital Trigger - Readout electronics upgrades

ATLAS Collaboration, ATLAS Liquid Argon Calorimeter Phase-I Upgrade Technical Design Report, ATLAS-TDR-022.

+++ new Layer Sum Boards:

→ produce finer cell signal sums

+++ LAr Trigger Digitizer Board (LTDB):

→ digitize signals

→ form layer sums for legacy readout

+++ LAr Digital Processing Blade (LDPB):

→ energy reconstruction

+++ new baseplanes:

→ new slots + handle increase of signal

ATLAS

Figure 3. Shapes of the LAr calorimeter current pulse in the detector and of the signal output from the
shaper chip. The dots indicate an ideal position of samples separated by 25 ns.

3. Pulse reconstruction and calibration

As depicted in Figure 3, a triangular current pulse is produced when charged particles ionize the
liquid argon in the high-voltage potential present in the gap between two absorber plates. Once the
signal reaches the FEB, a bipolar shaping function is applied and the shaped signal is sampled at
the LHC bunch crossing of 40 MHz. For triggered events, a number of samples Nsamples per chan-
nel is read out. Reading out and utilizing multiple samples provides several advantages, including
improving the precision of the energy measurement (as shown below), making the energy mea-
surement insensitive to how accurately a sample can be placed at the top of the peak, and allowing
the calculation of other quantities, such as the time and quality factor, in addition to the deposited
energy. The typical choice of five samples represents a compromise between the noise reduction
achieved and the amount of data that must be digitized and processed in real time.

The ROD reconstructs the amplitude (A) of the signal pulse in ADC counts, as well as the time
offset of the deposition (t), by applying a digital filter to the recorded samples (s j) according to the
following equations:

A=
Nsamples

!
j=1

a j(s j− p) (3.1)

and

– 6 –

ATLAS Collaboration, ATLAS liquid-argon calorimeter : Technical Design Report, ATLAS-TDR-2.
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Triger Timing and Control (TTC) system upgrade

– new ALTI (ATLAS Local Trigger Interface) boards replaced LTPIs

→ combine functionalities of four modules

→ fewer cables, prevent aging effects

→ allow modular running of LAr

→ important for commissioning, testing and validation

– timing aligned for legacy and digital system

– now back to stable TTC system

Overview of the LAr TTC status
Now the LAr TTC system has been migrated to 100% 
ALTI. Migrated to ALTI firmware 2.0.


All partitions are running okay. 

takeCalib is now able to take daily and weekly 
calibration sets, as well as L1Calo combined energy 
and timing scan. 


Standalone pulsing tool also migrated to ALTI. 

Timing has been tuned for both main readout and digital trigger system with proper alignment.


Migrated to ALTI firmware 2.0.


Joined M9 with fully ALTI TTC system.

3

See more details in Tom's talk
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Work on trigger interface integration (ALTI boards)

++

– set up LAr detectors with new boards

– development of script to generate signal sequences

→ pulses, level-1 trigger accept, orbit, etc.

– work on online panel for board monitoring

– upgrade Standalone Pulsing to pulse with ALTI

→ used for connectivity scans and beam splash emulation
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Legacy analog trigger validation

– find dead channels after installation work

– connectivity scans to check trigger tower mapping

– timing refined with L1Calo

– successfully used in October 2021 beam splashes

→ analog legacy trigger is fully functional!

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun3Collisions
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Main readout validation

– successfully ramped HV for cosmics

– smooth operation during 2021 beam splashes and test collisions

– exercised and validated FEB timing

– full detector coverage confirmed with splashes
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ATLAS Preliminary LAr Endcap A
Run 405495 Event 58774
Date: 29 Oct 2021 22:21:22 CEST
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ATLAS Preliminary LAr Barrel
Run 405495 Event 58774
Date: 29 Oct 2021 22:21:22 CEST

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicPilotBeam2021
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Digital trigger validation

– pulsing scans to verify channel mapping

– calibrations for energy and timing of Super Cells

– stability monitored with long runs

– validation with cosmics and test collisions

– tuned Super Cell timing with splash events

– good agreement with main readout energies data
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ATLAS Preliminary
Run 405495, Event 49065
Date: 29 Oct 2021 21:44:27 CEST
Supercells in EMB, EMEC
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Run 405495, Beam Splash Events

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicPilotBeam2021
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Summary and Readiness for Run 3

– hardware installation completed

– main readout ready for operation during Run 3

– analog trigger system fully recovered

– new Digital Trigger system operational

– successfully taken cosmics and test collision data ATLAS Collaboration, The ATLAS experiment at the CERN Large Hadron Collider, JINST 3 (2008) S08003.

→ ATLAS LAr calorimeters are ready for Run 3!
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Thank you for your attention! ++++

Questions?
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Backup
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Backup - General overview

– What is ATLAS?

→ multi-purpose particle detector at the Large Hadron
Collider (LHC) at CERN

– What is LAr?

→ Liquid Argon calorimeter as subdetector of ATLAS

→ used for electromagnetic calorimetry and in hadronic
calorimeter end-caps

– What is the LHC schedule?

→ currently in second long shutdown (LS2) since 2018

→ Run 3 planned to start in July this year

ATLAS Collaboration, The ATLAS experiment at the CERN Large Hadron Collider, JINST 3 (2008) S08003.
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Backup - Details on LAr calorimeters
– sampling calorimeters using liquid argon as active medium

– electromagnetic barrel (EMB) and end-caps (EMEC) with
accordion-like structures of lead absorbers

→ allows fast readout and full azimuthal coverage

– hadronic end-caps (HEC) use conventional design with parallel
copper plates as absorbers

– forward calorimeters (FCal) consist of a copper/tungsten matrix with
liquid argon tiny gaps

– pseudorapidity regions covered are:

– EMB: ⋃︀𝜂⋃︀ < 1.475
– EMEC: 1.375 < ⋃︀𝜂⋃︀ < 3.2
– HEC: 1.5 < ⋃︀𝜂⋃︀ < 3.2
– FCal: 3.1 < ⋃︀𝜂⋃︀ < 4.9

– LAr calorimeter signals serve as inputs to level-1 trigger (L1Calo)

ATLAS Collaboration, The ATLAS experiment at the CERN Large Hadron Collider, JINST 3 (2008) S08003.

y

z
η = −∞ θ = 180◦

η = −1.74
θ = 160◦

η = −0.88

θ = 135◦

η = 0

θ = 90◦

η = 0.55

θ = 60◦ η = 1.32

θ = 30◦

η = 2.44
θ = 10◦

η = +∞θ = 0◦

1

https://project-hl-lhc-industry.web.cern.ch/content/project-schedule

DPG Heidelberg 2022
IKTP / Tom Kreße
Heidelberg, 22nd of March, 2022

slide 15 of 11

https://doi.org/10.1088/1748-0221/3/08/S08003
https://project-hl-lhc-industry.web.cern.ch/content/project-schedule


Backup - Accordion shaped barrel calorimeter

ATLAS Collaboration, ATLAS liquid-argon calorimeter : Technical Design Report, ATLAS-TDR-2.
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Backup - Granularity comparison

ATLAS Collaboration, ATLAS Liquid Argon Calorimeter Phase-I Upgrade Technical Design Report, ATLAS-TDR-022.

Geometrical representation in 𝜂,𝜑
space of an EM TT in the current
system, where the transverse en-
ergy in all four layers are summed
(left) and of the SCs proposed for
the Phase-I upgrade, where the
transverse energy in each layer
is retained in addition to the finer
granularity in the front and middle
layers (right). Each square repre-
sents an area of size Δ𝜂 ×Δ𝜑 =

0.1 × 0.1.
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Backup - Readout electronics

The Phase-I Trigger Readout Electronics Upgrade of the ATLAS Liquid Argon Calorimeters

The ATLAS LAr calorimeter elec-
tronic architecture as of LHC
Run 3. The new LAr boards are
highlighted in orange. This di-
agram depicts the EM calorime-
ters; HEC and FCal electronics
are slightly different.
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Backup - Coverage LAr Endcap C
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ATLAS Preliminary LAr Endcap C
Run 405495 Event 58774
Date: 29 Oct 2021 22:21:22 CEST

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicPilotBeam2021

LAr cell energy sums (without FCal) dis-
tributed in a hypothetical tower grid with Δ𝜂×
Δ𝜑 = 0.025 × 0.025 for a beam splash event
from October 2021. The particles were de-
livered by Beam 2 (B2) and entered from the
negative 𝜂 (C) side. From left to right the plots
show the summed energies in the endcap C,
in the barrel and in the endcap A. In total the
displayed LAr layers recorded 1.187PeV in
this event.
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Backup - FEB timing EMB
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Average time per front end board (FEB) in the
LAr electromagnetic barrel (EMB) with colli-
sion data at 𝑠1/2 = 900GeV collected during
LHC pilot beam of October 2021. The aver-
age time for one FEB is the result of a Gaus-
sian fit on the time distribution from pulses
reconstructed from medium and high gain for
all channels of this FEB. The system was
aligned with respect to the barrel side A using
beam splash events. This preliminary time
alignment will be further tuned to improve the
uniformity and the observed residual bias.
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Backup - FEB timing EMEC

100− 80− 60− 40− 20− 0 20 40 60 80 100
FEB Time Offset [ns]

1

10

210

N
um

be
r 

of
 F

E
B

s 
pe

r 
4.

 n
s

2021 Pilot Beam, 900 GeV

Runs 405393, 405396, 405135

EMEC

ATLAS Preliminary
Mean = -0.59 ns

RMS = 11.82 ns
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Average time per front end board (FEB) in the
LAr electromagnetic end-cap (EMEC) with
collision data at 𝑠1/2 = 900GeV collected
during LHC pilot beam of October 2021. The
average time for one FEB is the result of
a Gaussian fit on the time distribution from
pulses reconstructed from medium and high
gain for all channels of this FEB. The sys-
tem was aligned using beam splash events
from beam 2 (from side C to side A) and not
accounting for the shift of 3.1 m of the side
C, causing a misalignment between side A
and side C. This preliminary time alignment
will be further tuned to improve the uniformity
and the observed residual bias.
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