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The start of the operation of the High Luminosity Large Hadron Collider (HL-LHC) is planned
for the year 2030. The associated increase in luminosity provides an opportunity for further
scientific discoveries, while also introducing many technical challenges for the systems of ATLAS.
The HL-LHC environment has necessitated the Phase-II upgrade of the ATLAS hadronic Tile-
Calorimeter (TileCal), which will ensure its peak performance in the coming decades. The
upgrade will take place during the third long shutdown of the LHC. It will encompass the
replacement of both on- and off-detector electronics, the implementation of new on-detector
mechanics, as well as the replacement of photomultiplier tubes located in the most exposed regions
of the detector. The on-detector electronics of the TileCal are powered by 256 adjacent Low-
Voltage Power Supplies (LVPS), which in turn contain eight transformer-coupled buck converters,
known as bricks. These bricks function to step down the power received from off-detector
bulk power supplies to that required by the front-end electronics. The South African cluster,
headed by the University of the Witwatersrand, is responsible for the research and development,
production, quality assurance testing, and integration of half of the required bricks for the Phase-II
Upgrade. This contribution provides an overview of the South African cluster’s contributions
to the development and production of the LVPS bricks for the ATLAS Tile-Calorimeter Phase-
IT Upgrade. It highlights the current project milestones, including research, development, and
quality assurance achievements, and concludes with an outlook on the remaining activities critical
to ensuring the project’s success.
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South Africa’s Contribution to the Upgrade of the ATLAS TileCal Low-Voltage Power Supply for the HL-LHC

1. Introduction

One of the best facilities for expanding our knowledge of particle physics is the Large Hadron
Collider (LHC) [1]. It has played a key role in important discoveries since its initial proton-proton
collisions in 2010, most notably the 2012 discovery of the Higgs boson. The goal of the HL-LHC
project is to raise the instantaneous luminosity of the LHC to 7.5x 10°* cm=2s~! [2]. Itis expected to
begin operations in the mid-2030s following the Long Shutdown 3 (LS3). In contrast to the roughly
300 tb~! delivered during Runs 1-3, this translates to an integrated luminosity of nearly 4000 fb~!
over a ten-year operation. Investigating the Higgs self-coupling and, consequently, the mechanism
of electroweak symmetry breaking requires the ability to analyze incredibly rare phenomena like
double Higgs production. Additionally, it offers a chance to look for new physics that might be
observable with higher statistical sensitivity, such as dark matter candidates, heavy vector bosons,
and supersymmetric particles [3].
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Figure 1: The ATLAS Tile long and extended barrels [4].

2. ATLAS detector

The general-purpose detector ATLAS, shown in Figure 1 [4], is made to capture and recreate a
variety of particles created in high-energy collisions. With several sub-detectors tailored for distinct
functions, including tracking in the inner detector, energy measurements in the calorimeters, and
momentum measurements in the muon spectrometer, it has a cylindrical shape. The central hadronic
calorimeter of ATLAS, the TileCal [5], spans the pseudorapidity range || < 1.7. It is a sampling
calorimeter made up of plastic scintillator tiles sandwiched between steel absorber plates.

The electronics of the calorimeter must be able to handle a larger data bandwidth and function
dependably in an environment with greater radiation levels. In order to achieve this, ATLAS has
started a thorough TileCal Phase-II upgrade, which includes the complete replacement of both
on-detector and off-detector electronics.

3. ATLAS Tile Calorimeter Phase-II Upgrade

The need to maintain detector performance in a high-radiation environment and the requirement
to manage significantly higher data rates are the two primary drivers behind the TileCal Phase-II
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Figure 2: The ATLAS Tile Calorimeter Phase-II upgrade [6].

upgrade [6]. In the new readout system, the digitized Photomultiplier tubes (PMTs) signals are
transmitted from the on-detector electronics to the off-detector electronics at the LHC bunch-
crossing frequency (40 MHz) as shown in Figure 2. For the full calorimeter, this translates to an
overall data transfer of about 40 Tbps. The addition of mini-drawers (modular structures containing
the PMTs, front-end boards, and LVPS bricks) is a crucial component of the upgrade.

4. TileCal Low-Voltage System for the On-Detector Electronics

4.1 Legacy LVPS System and the Phase-II LVPS system

All on-detector electronics must get steady low-voltage power from the TileCal LVPS. Each
brick module that makes up the modern LVPS has eight transformers and other ancillary parts.
Figure 3a shows legacy LVPS system which functions as a two-stage converter: 200 Voltage Direct
Current (VDC) power is delivered in bulk to the detector, where the LVPS bricks reduce the voltage
to the levels needed by the front-end electronics. Auxiliary boards give control by turning bricks
on or off in clusters [7].

Figure 3b shows the Phase-II LVPS system, which is a three-stage power conversion method
to provide more precise and effective voltage conversion. All front-end electronics are powered by
a standardized 10 VDC output from the LVPS bricks, which Point-of-Load (PoL) regulators then
scale down to the necessary voltages [8].

4.2 Phase-1I Upgrade LVPS Brick

An advanced power conversion device, specifically designed for the HL-LHC environment, is
the LVPS [9]. For slow control, monitoring, and communication with the detector control system,
each LVPS is equipped with an Embedded Local Monitoring Board (ELMB) and a fuse board
for protection against electrical hazards. To disperse heat produced during high-load operation, a
water-cooled heat sink is used. Eight transformer-coupled buck converters and an internal cable set
provide redundant and effective DC-DC conversion. For a total of 2048 bricks, the TileCal system
needs 256 LVPS units, each of which has eight bricks. In South Africa, half of these bricks are
being designed, produced, and tested.
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Figure 3: The two Low Voltage Power Supply systems showing the changes from the legacy system to the
Phase-II upgrade system [8].

4.3 Burn-in Test Stations at University of the Witwatersrand

Before being approved for installation, all LVPS bricks must pass a stringent burn-in procedure
to ensure dependability in the demanding HL-LHC operating environment. Under realistic stress
circumstances, the burn-in [10] is intended to detect early-life failures, confirm thermal stability,
and guarantee long-term component longevity. During the burn-in process, the LVPS bricks
are continuously exposed to a high operating temperature of about 70 °C for eight hours. In
order to detect possible flaws in solder joints, connectors, or semiconductor components prior to
deployment, the bricks are powered and monitored under load during this time. Figure 4 shows two
fully operational burn-in test stations that been set up at the University of the Witwatersrand as part
of the qualification process of the TileCal Phase-II LVPS bricks. These stations are made to run
consistently and dependably over long test cycles.

5. Main Production status

The University of Texas at Arlington (UTA) in the United States and the University of the
Witwatersrand in South Africa split the manufacture of the TileCal Phase-II Upgrade LVPS bricks
roughly evenly. With activity spread across several locations, the South African production effort
is a well-coordinated national collaboration. The University of the Witwatersrand in Johannesburg
oversees component staging and quality control [9], ICAPE Trax in Cape Town handles Printed
Circuit Board (PCB) fabrication, and Jemstech in Pretoria performs PCB population and assembly.
In South Africa, 1024 version 8.7.0 LVPS bricks have been manufactured. 13% of the bricks,
produced as pre-production prototypes, have been set aside as spares.

6. Conclusion

In conclusion, preparations for the South African production of the TileCal Phase-II LVPS
bricks are progressing on schedule, with several key milestones already achieved. PCB fabrication
is complete, and all active components have arrived in South Africa, while procurement of passive
components is currently underway. Following the successful completion of ceramic post-production
and metallization, production is anticipated to be completed before the end of 2025. Quality control
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Figure 4: Two fully operational burn-in test stations [10].

processes are anticipated to be completed by April 2026, after production, guaranteeing that every
item satisfies ATLAS requirements. Both of the burn-in stations are now fully functional.
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