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■ Two calorimeter technologies: liquid argon and hadronic tile (plastic scintillator)
■ LAr: sampling calorimeter with liquid argon as active material and lead (EM), copper

(HEC+FCAL EM) or tungsten (FCAL HAD) as passive material

■ 4 parts: EMB, EMEC, HEC, FCAL
■ 3 layers each (+ pre-sampler for

EMB and EMEC)
■ ≈ 188k cells
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ATLAS calorimeters



■ 3 layers (+ a pre-sampler)
■ ∆” ×∆ffi = 0.025 × 0.0245 in the second layer (EM shower max)
■ Accordion geometry → no dead areas
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LAr cells: EM barrel



■ New LAr digital trigger electronics installed during LS2 as part
of the ATLAS Phase-I upgrades to cope with the higher pileup

■ The rest of the LAr readout electronics will be upgraded during
LS3 (Phase-II upgrades)

■ LAr digital trigger electronics will remain
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HL-LHC

ATLAS upgrades

https://hilumilhc.web.cern.ch/content/hl-lhc-project
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1.The digital trigger
system



≈ 10-fold increase in granularity (5k trigger towers → 34k Super Cells)
■ Higher granularity (layers 1 and 2)
■ Longitudinal shower information
■ Better energy resolution
■ Better efficiency for selecting signal (e / fi / ‚ / jets / Emiss

T )
■ Better background rejection → lower trigger rates
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CERN-LHCC-2013-017

From Trigger Towers to Super Cells

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2013-017/


■ New electronics for digital
trigger:

■ Front-end (on-detector): LAr
Trigger Digitizer Boards, Layer
Sum Boards, baseplane

■ Back-end (off-detector): LAr
Digital Processing System

■ Optical fibers connecting
front-end to back-end

■ Analog trigger (legacy)
electronics being
decommissioned

■ Level-1 Calorimeter System
accordingly upgraded
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CERN-LHCC-2013-017

Current LAr readout electronics

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2013-017/


■ LAr Trigger Digitizer Boards (124 LTDB):
■ Digitise Super Cell signals at 40 MHz (4-channel 12-bit

ADCs, 80/board)
■ Send analog signals to Tower Builder Boards (legacy

analog trigger)
■ Send data to the back-end (40 optical fibers @

5.12 Gbps / board)

■ Baseplane (114): holding and connecting together
front-end electronics

■ Layer Sum Boards (2328 LSB replaced): analog sums
of LAr cell signals within one layer, grouped into Super
Cells
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JINST 17 (2022) P05024

Front-end: new electronics

http://dx.doi.org/10.1088/1748-0221/17/05/P05024


■ Intelligent Platform Management Controller (IPMC):
■ hardware management system for ATCA boards:

manage the power, cooling, and interconnect needs
of intelligent devices

■ LAr Trigger prOcessing MEzzanine (116 LATOME):
■ Receive Super Cell data from 48 optical links
■ Process data on Intel Arria 10 FPGA
■ Transmit to the new L1 Calorimeter Trigger system

(Feature EXtractors, FEX) with 48 optical links at
11.2 Gbps

■ LAr Carrier (30 LArC):
■ ATCA boards hosting the LATOME processor

daughtercards, transmitting data from and do the
readout system, and distributing clocks and trigger
signals synchronised with the LHC beam clock
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JINST 17 (2022) P05024

Back-end: new electronics

http://dx.doi.org/10.1088/1748-0221/17/05/P05024


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 –

A =
NsamplesX

j=1

aj (sj − p)

t =
1
A

NsamplesX
j=1

bj (sj − p)

E = F—A→MeV × FDAC→—A × 1
Mphys
Mcali

×
NrampsX
j=(0,1)

GjAj

Same energy and time reconstruction procedure for main readout and digital trigger:
■ Pulse amplitude and time computed from Nsamples = 4 digitised samples sj using

Optimal Filtering Coefficients (OFC) aj and bj and pedestal p from calibration
■ Energy is deduced from the pulse amplitude using constants1 determined from

calibration runs, test beam data, and electronics parameters.
1Gj : gain;

Mphys
Mcali

: ionisation to calibration pulse response; FDAC→—A: calib DAC to injected current; F—A→MeV: ionisation current to energy
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2010 JINST 5 P09003

Energy and time reconstruction

https://doi.org/10.1088/1748-0221/5/09/P09003


Timeline for the new LAr digital trigger:
■ New electronics installed during LS2, before the start of Run 3

■ Very stable operation and performance (see next slides)
■ A few weak optical transmitters / transceivers preventively replaced on 20 / 124 LTDBs

during the last EYETS2 (2023–2024) to ensure best coverage (only 3 / ≈ 4000 links dead
before refurbishment)

■ 2022: commissioning
■ 2023: LAr DT used for electrons and photons (eFEX)

■ Legacy system still used for jets, fi , Emiss
T

■ 2024: Phase-I Level-1 Calo system will be the default for physics
■ Legacy system decommissioned

2Extended year-end technical stop
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Status
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2.Performance
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■ Good agreement in EMB between Super
Cell pulse shape and expected physics
pulse (deduced from a calibration pulse)

■ More complicated pulse shape in FCAL:
ongoing work to improve the Super Cell
pulse shape modelling (implications on
OFC → energy and time resolution)
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More plots

Performance in 2023

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsLAr
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■ Narrow timing distribution (here for
0 < ET < 10 GeV)

■ Efficient assignement to correct bunch
crossing: avoid early or late triggers

■ Excellent agreement between cell (precision
readout) and Super Cell (trigger) energies

■ Horizontal lines: saturation at high energies
(no impact on trigger performance)
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More plots

Performance in 2023

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsLAr
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Baseline Corrected

■ In a high-pileup environment, overlapping LAr pulses effectively create a baseline shift
■ Potential energy measurement bias
■ Solution: baseline correction implemented in LATOME firmware
■ Validated in 2023 high-pileup collision data
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More plots

Baseline correction

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicStableBeam2023BC
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■ Legacy vs Phase-I (eFEX) single electron trigger:
■ Sharper efficiency turn-on curve
■ ≈ 10% reduction in L1 rate

■ Legacy vs Phase-I single jet trigger:
■ Sharper efficiency turn-on curve for the same L1 rate

■ Crucial improvements in maintaining physics performance (similar trigger thresholds)
at higher instantaneous luminosity than Run 2

Émilien CHAPON, on behalf of the ATLAS Liquid Argon Calorimeter Group DIS 2024 9/04/2024 16 / 17

2401.06630, more plots

L1Calo performance

https://arxiv.org/abs/2401.06630
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/L1CaloTriggerPublicResults
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■ Legacy vs Phase-I (eFEX) single electron trigger:
■ Sharper efficiency turn-on curve
■ ≈ 10% reduction in L1 rate

■ Legacy vs Phase-I single jet trigger:
■ Sharper efficiency turn-on curve for the same L1 rate

■ Crucial improvements in maintaining physics performance (similar trigger thresholds)
at higher instantaneous luminosity than Run 2
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2401.06630, more plots

L1Calo performance

https://arxiv.org/abs/2401.06630
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/L1CaloTriggerPublicResults


■ Successful upgrade of the ATLAS liquid argon calorimeter trigger electronics
■ Higher granularity, higher resolution digital trigger

■ Excellent performance validated in data
■ Phase-I system used for e/‚ in 2023 and all calorimeter signatures in 2024
■ It will still be used during the HL-LHC phase (Phase-II): see Elena’s talk
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Summary

https://lpsc-indico.in2p3.fr/event/3268/contributions/7438/
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