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The Tile Calorimeter (TileCal) is a sampling hadronic calorimeter covering the central region
of the ATLAS experiment, with steel as absorber and plastic scintillators as active medium.
The High-Luminosity phase of the LHC, delivering five times the LHC nominal instantaneous
luminosity, is expected to begin in early 2030s. TileCal will require new electronics to meet the
requirements of a 1 MHz trigger, higher radiation levels, and to ensure better performance under
high pile-up conditions. Both the on- and off-detector TileCal electronics will be replaced during
the shutdown of 2026-2028. PMT signals from every TileCal cell will be digitised and sent directly
to the back-end electronics, where the signals are reconstructed, stored, and sent to the first level
of trigger at a rate of 40 MHz. This will provide better precision of the calorimeter signals used
by the trigger system and will allow the development of more complex trigger algorithms. The
modular front-end electronics feature radiation-tolerant commercial off-the-shelf components and
redundant design to minimise single points of failure. The timing, control and communication
interface with the off-detector electronics is implemented with modern Field Programmable Gate
Arrays (FPGAs) and high speed-fibre optic-links running up to 9.6 Gb/s. The TileCal upgrade
program has included extensive R&D and test beam studies. A Demonstrator module with reverse
compatibility with the existing system was inserted in ATLAS in July 2019 for testing in actual
detector conditions.
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1. Introduction

The ATLAS Tile Calorimeter (TileCal) [1] forms part of the central hadronic calorimeter
system of the ATLAS experiment [2] at the Large Hadron Collider (LHC) at CERN. The TileCal
plays a crucial role in the reconstruction of hadrons, tau-leptons, jets, and missing transverse
momentum associated with non-interacting particles. It also contributes to muon identification and
provides input signals to the Level-1 calorimeter trigger. TileCal is a non-compensating sampling
calorimeter consisting of low-carbon steel absorbers interleaved with plastic scintillating tiles, which
serve as the active medium.

TileCal is longitudinally divided into three cylindrical sections: a central long barrel (LB) and
two extended barrels, as shown on the left in Figure 1. Each barrel is segmented azimuthally into
64 modules, and a schematic view of one of the modules is shown on the right of Figure 1. Each
module is segmented radially into three layers, providing approximately seven nuclear interaction
lengths in the central region. Within each module, a three-dimensional cell structure is defined by
segmentation in 𝜙, 𝜂, and radius. The light produced by charged particles traversing the scintillators
is collected along the tile edges and guided via wavelength-shifting fibres to photomultiplier tubes
(PMTs) mounted in a steel girder at the outer radius of each module.

The High-Luminosity Large Hadron Collider (HL-LHC) is the next major upgrade of the LHC,
scheduled to begin operation in the early 2030s. One of its goals is to increase the instantaneous
luminosity by a factor of five to seven beyond the LHC design value, enabling the collection of more
than 3000 fb−1 of proton–proton (𝑝𝑝) collision data over its lifetime. The increase in luminosity will
enhance the discovery potential for rare physics processes and improve the precision of Standard
Model measurements. However, it will also pose considerable challenges for the ATLAS detector
due to higher radiation levels, increased pile-up, and more demanding data acquisition rates.

In preparation for HL-LHC operation, the ATLAS TileCal will undergo a comprehensive Phase-
II upgrade to ensure compatibility with the upgraded detector and trigger systems [3]. The current
readout architecture is not suited to the fully digital Trigger and Data Acquisition (TDAQ) system.
Therefore, a complete replacement of all on- and off-detector electronics is required. The upgraded
system will feature enhanced precision in signal digitisation and energy measurement, radiation
hardness, and redundancy, along with improved power, calibration, and mechanical systems. These
upgrades will ensure that TileCal maintains its performance and stability under the extreme pile-
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Figure 1: Cut-away view of the ATLAS inner detector and calorimeter systems (right), and a schematic of
a TileCal module (left), illustrating its mechanical structure and optical readout components [1].
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Figure 2: Schematic of the upgraded TileCal readout, depicting signal conditioning, dual-gain digitisation,
and data delivery to the sROD and Level-1 trigger [4]

up and radiation conditions of the HL-LHC, where up to 200 simultaneous 𝑝𝑝 interactions are
expected per bunch crossing. Further details of the individual subsystem upgrades are presented in
the subsequent sections.

2. Mechanics

The PMTs and on-detector electronics of the Tile Calorimeter are housed in mechanical units
known as super-drawers (SDs), which are inserted into a steel girder at the outer radius of each
module to provide shielding from magnetic fields and radiation. In the current design, each SD
consists of two 1.4–1.5 m long drawers that share common power and services, which complicates
maintenance and extraction operations. In the HL-LHC upgrade, the new mechanical layout adopts
a modular configuration based on four linked mini-drawers (MDs) in the long barrel and three
MDs with two micro-drawers (𝜇Ds) in the extended barrel. Each MD can host up to 12 PMTs
and has independent power and readout connections, while the 𝜇Ds—each equipped with two
PMTs—are read-out by adjacent MDs. This modular design significantly improves accessibility,
cooling efficiency, and mechanical stability, allowing faster installation and easier servicing. New
tooling has also been developed to simplify the insertion and extraction procedures. All upgraded
mechanical components have been produced and delivered to CERN for integration and testing.

3. Electronics and Power Supplies

As part of the HL-LHC upgrade, the TileCal readout system will be completely redesigned, with
a new modular on- and off-detector architecture that enhances performance, reliability, radiation
tolerance, redundancy, and maintainability. Figure 2 shows a simplified diagram of the upgraded
readout.

3.1 On-Detector Electronics

The new on-detector electronics are designed to be radiation-tolerant and redundant, min-
imising data loss under HL-LHC conditions. Each MD contains three primary components: the
Front-End for the New Infrastructure with Calibration and Signal Shaping (FENICS), the Main
Board (MB), and the Daughter Board (DB). The FENICS card amplifies and shapes PMT signals
using a dual-gain (1:40) system, providing a dynamic range of 200-1000 pC. It also includes an
integrated charge injection system for calibration and supports both fast physics readout and slow
integrator readout for calibration with the 137Cs source. The Main Board digitises the shaped signals
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with 12-bit ADCs operating at 40 Msps, manages timing, control, and low-voltage regulation, and
communicates with the back-end system. The Daughter Board, mounted above the MB, serves
as the high-speed optical interface between the front-end and back-end systems. It aggregates the
digitised data and transmits them at 9.6 Gb/s via GBT optical links, while also distributing clock,
control, and configuration commands.

3.2 Off-Detector Electronics

The off-detector readout system receives and processes digitised signals transmitted from the
Daughter Boards via high-speed optical links. The system is based on the PreProcessor (PPr)
modules [5], which are hosted in Advanced Telecommunications Computing Architecture (ATCA)
crates. Each PPr is responsible for handling, reconstructing, and formatting real-time calorimeter
data using high-performance FPGAs. It also provides the LHC clock and control signals to
synchronise the on-detector electronics during the sampling of PMT signals. The processed data
are transmitted to the Level-0 trigger and the ATLAS Data Acquisition (DAQ) system, achieving a
total data throughput of about 40 Tb/s for the entire TileCal. The PPr modules are currently in the
pre-production phase, with full integration tests ongoing.

3.3 Low-Voltage Power Supply

The LVPS system [6] delivers power to the front-end electronics through a three-stage architec-
ture. Bulk 200 V DC is supplied from off-detector AC-DC converters located in the USA15 service
cavern. This is stepped down to 10 V using DC-DC converter bricks mounted in each mini-drawer,
with the final voltages regulated by point-of-load regulators on the Main Boards. Each mini-drawer
has two independent LV bricks to minimise single-point failures, enhancing system reliability. All
LV components are designed to be radiation-hard up to 160 Gy. The main production of the LVPS
bricks is ongoing.

3.4 High-Voltage (HV) System

The HV system provides regulated voltages up to 1 kV to individual PMTs via High Voltage
Active Dividers (HVADs) [7]. Unlike the previous design, the regulation boards are now located
off-detector, reducing the radiation tolerance requirements and simplifying maintenance. The power
is delivered through long cables (100 m) to passive HV distribution boards within the mini-drawers,
which feed the HVADs for each PMT. The remote regulation boards, coupled with the HV supply
boards, set the voltages individually and ensure stable operation under high anode currents. Pre-
production of the HV system is underway, with prototypes undergoing combined tests in preparation
for vertical slice tests.

3.5 PMT Replacement

Radiation damage and optical ageing in the PMTs lead to gradual light yield reduction and
non-uniform response across the detector. As illustrated in Figure 3, the new Hamamatsu R11187
PMTs demonstrate significantly improved response stability compared to the older models when
exposed to increasing integrated charge [8]. The most exposed PMTs, particularly those reading
out the innermost cells—are expected to accumulate integrated anode charges of up to 600 C by
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Figure 3: Normalised PMT response as a function of integrated charge, showing improved response stability
for new PMT models compared to the old ones [8].

the end of the HL-LHC program. To prevent significant degradation of calorimeter performance,
approximately 10 % of the PMTs will be replaced with a more robust and radiation-tolerant model,
the Hamamatsu R11187, which offers improved durability against high anode currents and enhanced
quantum efficiency.

4. Calibration Systems

To ensure stable and accurate energy measurements under the harsher radiation conditions and
increased luminosity expected at the HL-LHC, the Tile Calorimeter calibration systems are being
upgraded. These upgrades also accommodate the new TDAQ architecture.

The laser calibration system provides precise monitoring of the PMT gain and timing response.
For Phase-II, a new laser source and DAQ/control interface (ILANA) have been developed. An
additional LED array is integrated into the system to simulate the high pile-up conditions expected
during HL-LHC operation by superimposing a DC component on the laser pulses. Production and
validation of the new components are currently ongoing.

The Cesium system ensures the long-term stability and uniformity of the calorimeter response
by circulating a radioactive source through the calorimeter’s optical chain. The system has been
upgraded with new on- and off-detector electronics using optical links, along with an updated
hydraulic system for improved performance and reliability. All Cesium electronics have been
successfully produced and tested.

4.1 Assembly, Tests and Installation

Before final installation on the detector, the front-end electronics are assembled from individual
components into the new mini-drawers. Each assembled drawer undergoes thorough testing to
ensure functionality and performance. A portable, standalone test system, PROMETEO, has been
developed to certify up to four mini-drawers at a time. Test results, along with the unique IDs of all
boards, are recorded in the installation database to ensure traceability and quality control.

Extensive validation campaigns have been conducted to test the complete readout chain under
realistic conditions, including integrated on- and off-detector electronics. These tests utilised the
CERN SPS fixed-target facility, demonstrating stable performance consistent with design expecta-
tions. Additionally, a backward-compatible hybrid demonstrator was installed in TileCal in 2019,

5



P
o
S
(
D
I
S
2
0
2
5
)
1
2
4

Upgrade of ATLAS Hadronic Tile Calorimeter for the High Luminosity LHC

providing valuable data from collision conditions and serving as a training platform for future detec-
tor experts. Assembly and installation plans have been prepared to coordinate the final integration
into the calorimeter.

5. Conclusions

To fully exploit the physics opportunities offered by the HL-LHC, ATLAS is undergoing a
comprehensive upgrade to meet the challenges posed by higher radiation levels, increased pile-up,
and elevated readout rates. The Tile Calorimeter is a key component of this effort, with upgrades
designed to maintain its excellent performance , ensuring sustained precision and reliability under
HL-LHC conditions.

As part of the Phase-II upgrade, all on- and off-detector electronics will be replaced, approxi-
mately 10% of the PMTs will be upgraded, and all HVADs will be renewed. In addition, selected
mechanical components and the calibration systems—including laser and Cesium systems—are
being modernised to ensure long-term stability and precision.

Many of the upgrade deliverables have already been produced, tested, and validated, demon-
strating that TileCal is well-prepared to provide high-quality calorimetric data and support ATLAS
physics goals throughout the HL-LHC era.
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