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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-� 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 hµi ⇠ 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

LHCP2020 Poster Session,  28-29 May 2020

ATLAS Liquid Argon Calorimeter 
Commissioning for LHC Run-3

Sana Ketabchi (University of Toronto) for the ATLAS Collaboration

•   Sampling calorimeter using liquid argon as active material

•   Electromagnetic calorimeters in barrel and endcap regions have accordion-like structures with 

  absorber lead plates enabling a full azimuthal coverage.

•   Hadronic endcap calorimeter has a conventional parallel plate design using copper plates.

•   Forward calorimeter has a paraxial electrode structure with copper and tungsten as absorber material. 

ATLAS Liquid Argon Calorimeters

•  Level-1 trigger readout system is being upgraded 
 to replace old trigger towers with supercells (with 
 finer granularity) in order to improve object 
 discrimination capability at trigger level. 


•  This allows to keep the trigger pT thresholds at the 
 same level, even with future increases in 
 luminosity.
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 New Baseplanes

•  allocates new slots for LTDBs

•  routes supercell signals

•  routes signal sums such that legacy 

 trigger path is kept operational

 LSB (Layer Sum Board)

•  to produce finer cell signal sums every             

 readout board needs to be taken 
 out of the cavern and refurbished

 LTDB (LAr Trigger Digitizer Board)

•  digitize analog signals and send to back-end 

 digital processors

•  form layer sums similar to those in Run 2 and 

 send to legacy readout, leaving this readout 
 system unaffected

 LDPS (LAr Digital Processing System)

• receive digital signals from front-end

• calculate supercell ET and identify 

bunch crossing ID of the signal

• send this information to the Level-1 

Calo Trigger system at 40 MHz

Installation and Commissioning Status

LAr Phase-I Front-End
Installation and Commissioning

Mesut Ünal
The University of Texas at Austin

On behalf of the LAr Operations team

ATLAS	Week,	17/06/2019

M
ai

n 
R

ea
do

ut
Ex

is
tin

g 
Tr

ig
ge

r
N

ew
 D

ig
ita

l 
Tr

ig
ge

r P
at

h

Objectives of Phase-I Upgrade

Provide finer granularity to L1 trigger (up to 10x improvement)

Replace Trigger Towers with Super Cells (SC)

Better control of the trigger rates by improving

- EM and ! object selection

- Resolution of jet and E
T

miss trigger signatures

- Discrimination power against pileup

SC: Finer segmentation (∆η × ∆φ = 0.025 × 0.1) in the front 

and middle layers of the EM barrel (EMB) and endcap 

(EMEC) for |η| ≤ 2.5

LTDB

Installing in Front-End crates

Upgraded trigger processors (FEX) require LTDBs 

for high-granularity and high-precision

Digitize and transmit digital SC signals to back end 

processors

Maintain legacy system by recreating 0.1x0.1 

analog sums and feeds them back to TBB

New Baseplanes
Allocate space for LTDBs

Higher granularity signals from SCs 

transmitted to LTDBs through 

baseplane

Keep existing system of legacy trigger 

signals to the TBB or TDB if SC 

granularity is identical to TBB 

First LTDBs 

expected at CERN 

by the end of June

FEC Upgrade Status

USUSA

New LSBs

Sum cell signals to SC signals in 

Front and Middle layers

Need to refurbish all FEBs to 

exchange LSBs

References

Refurbished FEC A03 
Checked part of the legacy trigger 

Took calibration and compared 

results to a previous campaign

FEB main readout is working fine 

Coherent noise measurements 

are also very good

1. ATLAS-TDR-022-2013

2. https://twiki.cern.ch/twiki/bin/view/LAr/LArCrateCommissioning

3. N. Nikiforou, Run Coordination Report, LAr Week Milano 2019, 

https://indico.cern.ch/event/820417/contributions/3429106/attachments/184774

0/3032195/RCReportMilanoLArWeekMay2019.pdf

EMB C EMEC A

Crate untouched

Boards reinserted6* crates

Baseplane exchanged9 crates

Boards removed to surface (SR1)

Re-cabled for commissioning1 crate

Boards to re-extract for cooling hose replacement

USAUS

3 crates

4 special crates

*3 crates

Boards reinserted8,5 crates

Baseplane exchanged12,5 crates

Boards removed to surface (SR1)4,5 crates

LAr Phase-I Front-End
Installation and Commissioning

Mesut Ünal
The University of Texas at Austin

On behalf of the LAr Operations team

ATLAS	Week,	17/06/2019
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Replace Trigger Towers with Super Cells (SC)

Better control of the trigger rates by improving

- EM and ! object selection

- Resolution of jet and E
T

miss trigger signatures

- Discrimination power against pileup

SC: Finer segmentation (∆η × ∆φ = 0.025 × 0.1) in the front 

and middle layers of the EM barrel (EMB) and endcap 

(EMEC) for |η| ≤ 2.5
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by the end of June

FEC Upgrade Status

USUSA

New LSBs

Sum cell signals to SC signals in 

Front and Middle layers

Need to refurbish all FEBs to 

exchange LSBs

References

Refurbished FEC A03 
Checked part of the legacy trigger 

Took calibration and compared 

results to a previous campaign

FEB main readout is working fine 

Coherent noise measurements 

are also very good

1. ATLAS-TDR-022-2013

2. https://twiki.cern.ch/twiki/bin/view/LAr/LArCrateCommissioning

3. N. Nikiforou, Run Coordination Report, LAr Week Milano 2019, 

https://indico.cern.ch/event/820417/contributions/3429106/attachments/184774

0/3032195/RCReportMilanoLArWeekMay2019.pdf

EMB C EMEC A

Crate untouched

Boards reinserted6* crates

Baseplane exchanged9 crates

Boards removed to surface (SR1)

Re-cabled for commissioning1 crate

Boards to re-extract for cooling hose replacement

USAUS

3 crates

4 special crates

*3 crates

Boards reinserted8,5 crates

Baseplane exchanged12,5 crates

Boards removed to surface (SR1)4,5 crates

• The production of LSBs, baseplanes and boards 
for LDPS is complete. For LTDBs the production is 
on hold due to lab closures.


• Baseplane replacement and refurbishment of FEBs 
with new LSBs were progressing well before CERN 
closure. These tasks have resumed recently.


• 33 LTDBs are received and installed.

• 4 LDPS units have been installed.


Commissioning of newly refurbished crates:

• Main Readout: Readout boards refurbished with 

new LSBs are tested through measurement of 
calibration parameters and coherent noise values.


• Legacy Trigger Readout: This is tested to ensure 
it maintains its functionality since it will be kept 
operational until at least 2022. These tests are 
done by taking Level-1 Calo gain and timing scans 
of trigger towers.


• New Trigger Readout: The digital sums produced 
by new front-end and back-end boards are read 
and processed to calculate the energy and timing 
of calibration pulses.


★  There are significant ongoing efforts towards 
testing and validating the readout paths of newly 
refurbished crates.


★  Despite the pause in installation due to COVID-19 
lockdown, the opportunity was used for improving 
online tools and remote testing of the system.

Figure 3. ATLAS Liquid Argon Calorimeter [2]

1. Introduction

The ATLAS [1] Liquid Argon (LAr) calorimeters [2] have been installed and fully operational
since the cosmic-ray data-taking in 2006. Since then, with the first LHC collisions coming in
2009, the Liquid Argon calorimeters have collected over 9 fb�1 of proton-proton collision data
as of June 4th, 2012 (see figures 1,2) [3]. Throughout this time, the LAr calorimeters have also
exhibited excellent performance and operational stability.

The LAr calorimeters, shown in figure 3, are sampling calorimeters, with liquid argon as the
active medium. They are composed of 4 di↵erent sub-systems that cover di↵erent regions
of pseudo-rapidity and are constructed with di↵erent absorber materials. Properties of these
various sub-systems are summarized in Table 1. These 4 sub-systems are contained inside three
separate cryostats. The barrel cryostat houses the electromagnetic barrel (EMB) calorimeter,
while the two end-cap cryostats contain the electromagnetic end-cap (EMEC), hadronic end-cap

Table 1. Summary of LAr sub-system properties.

Sub-system Coverage Absorber Channels Layers

EMB 0 < |⌘| < 1.475 Pb 109568 3 (+ presampler)
EMEC 1.375 < |⌘| < 3.2 Pb 63744 3: |⌘| < 2.5 (+ presampler |⌘| < 1.8)

2: |⌘| > 2.5
HEC 1.5 < |⌘| < 3.2 Cu 5632 4
FCal 3.1 < |⌘| < 4.9 Cu/W 3524 3

2

Phase-I Upgrade

 Endcap A

 Endcap C

 Barrel A

 Barrel C

pulse shape recorded using Phase-I system.
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Fig. 1
Measured pulse shape of a super cell from the newly installed ATLAS Liquid Argon (LAr) Phase-I digital trigger readout board in the barrel A-side 
of the ATLAS LAr Electromagnetic calorimeter. The digital trigger readout board which covers a region of 0 < K < 1.52, -1.78 < I < -1.39, was 
installed in the end of October, 2019. This pulse is generated by injecting a predetermined amount of charge (DAC=4400, corresponding to a 
transverse energy of 487 GeV) into the electrode of the calorimeter from the calibration board in the front end crate. The analog pulse is digitized 
and displayed at 40 MHz by a custom ADC chip. The sampling phase relative to the pulse is determined by a stepped delay with interval of 1.04 
ns selected on the calibration board. 1

An example of noise monitoring plot


