
P
o
S
(
I
C
H
E
P
2
0
2
4
)
9
5
3

A
TL

-I
TK

-P
R

O
C

-2
02

4-
03

1
17

/1
0/

20
24

Testing towards first preproduction ITk Pixel
detector units

Hans Joos𝑎,𝑏,∗ on behalf of the ATLAS ITk Collaboration
𝑎CERN,
Geneva, Switzerland

𝑏II. Physikalisches Institut, Georg-August-Universität Göttingen,
Göttingen, Germany

E-mail: hans.ludwig.joos@cern.ch

For the upgrade of the LHC to the High-Luminosity LHC, the ATLAS inner detector will be
replaced with an all-silicon detector, the Inner Tracker (ITk). The innermost part of the ITk will
consist of a pixel detector with five layers that will consist of modules combined into serially pow-
ered (SP) chains and loaded on ring and stave shaped low mass carbon-fiber local supports (LLS).
During 2024, the ITk Pixel project will be in the preproduction period and multiple loading sites
will integrate modules on LLSs. Testing these significantly sized and feature-complete detector
units is a major challenge and essential in order to ensure their electrical and thermal performance.
This contribution describes the development of a large-scale detector test setup detailing on the
general infrastructure, the control and monitoring system as well as the readout system. The
testing routines will be summarized in this contribution.
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1. ATLAS Inner Tracker for the HL-LHC

To sustain and extend its discovery potential, the LHC will receive a major upgrade known as
the High Luminosity LHC (HL-LHC) to run from year 2029 on. This will increase its instantaneous
luminosity by a factor of five beyond the original design value and the expected integrated luminosity
by a factor ten.

The increase in instantaneous luminosity will impose many challenges, especially to the sub-
detectors close to the interaction region. For the ATLAS experiment, it was therefore decided to
replace the current Inner Detector with an all-silicon Inner Tracker (ITk). The ITk will comprise a
Pixel Detector [1] at small radius and a large area Strip Detector [2] surrounding it.

To maximize the physics potential, the tracking coverage is extended to |𝜂 | < 4.0. The Pixel de-
tector features in total around 8400 hybrid pixel modules with an active area of approximately 13 m2.
The modules are loaded on ring and stave shaped low mass carbon-fiber local supports (LLS) form-
ing the smallest, feature complete, fully functional detector unit. The schematic layout of the
Pixel detector is shown in Figure 1, depicting also the three subsystems Inner System (IS), Outer
Barrel (OB) and Outer Endcaps (OEC).

OB OEC

IS

Figure 1: A zoomed-in schematic view of the 5 layers of the ITk pixel detector. Only one quadrant and only
active detector elements are shown. The horizontal axis is aligned with the beam line with zero being the
nominal interaction point. The vertical axis is the radius measured from the interaction point [3].

To reduce the material budget of the detector, a group of Pixel modules is powered in series in
a serially powered (SP) chain. A dedicated monitoring chip (MOPS) is used to monitor the voltages
and temperatures of each module in an SP chain. The modules are read out through electrical
links that are terminated after short distances on an “optoboard”. An equalizer (GBCR) [4] and
serializer (lpGBT) [5] chip receive the data and an optical transceiver (VTRx+) [6] converts the
signal to optical and sends the data over long fibers to the DAQ system consisting of Front-End
Link eXchange (FELIX) [7] boards.

2. ITk Pixel System Test

The goal of the ITk Pixel system test was to validate the design of the LLSs and test the interplay
between the different components. The tests are suitable to demonstrate that the modules fulfill
the detector requirements consistently after loading. Following these experiences, approaches for
Quality Control tests during production were defined.
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RD53A programme All LLS types of all subsystems have been constructed using modules made
with RD53A prototype FE chips. The demonstrators of the detector systems were using realistic
power and data cables as well as dual-phase CO2 cooling. For the tests, the demonstrators were put in
an environmental box with monitoring of temperature, dew point and light. The environmental box
was flushed with dry air to lower the dew point before cooling down the modules. The temperature
of the cooling system could be reduced down to −30 °C. An interlock system was put in place
to ensure a module temperature below 40 °C and a dew point below −60 °C. The Outer Barrel
demonstrator for a longeron can be seen in Figure 2.

Figure 2: The OB longeron loaded with modules for two serial powering (SP) chains.

Developments for the Detector Control System The demonstrator setups also provided a test
bed for developing and validating the detector control system (DCS) for Quality Control tests during
production and tests during detector integration. The DCS was developed as an adoptable system
that could be configured for the different use cases ranging from testing one single LLS and up. The
system defines safe operational procedures by following the Finite State Machine (FSM) pattern. In
the DCS, a detector part is modeled by an FSM with a fixed set of possible states, where commands
allow for transitions through these states. The full detector is represented as a hierarchical tree
of FSMs with the top node representing the whole system. The FSM hierarchy tree as developed
for the system tests can be seen in Figure 3a. State changes are propagated up in the tree, while
commands are propagated down the tree.

In addition to the FSM logic, user interfaces for different detector parts were developed to
allow an operator to easily monitor parts or even the whole system. An example of a user interface
can be seen in Figure 3b, representing the optoboards located in an “optobox”.

(a) (b)

Figure 3: A scalable and configurable DCS for large, multi-module detector assemblies. (a) shows the FSM
hierarchy tree that provides high-level control mechanisms as foreseen during detector operation. (b) shows
an example user interface for monitoring of the optobox that houses the optoboards.
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Developments for the orchestration of the module readout For the readout of modules through
the full transmission chain, many different software packages are needed. To simplify the deploy-
ment and the orchestration of these command-line packages, a framework following the microservice
pattern was developed. The software packages are put in immutable docker containers that include
all necessary software dependencies. This framework structure can be seen in Figure 4. Each
service provides additionally a REST API and a GUI to allow operation of the online software
through a uniform interface.

Figure 4: The microservice framework for online software packages for data acquisition. Immutable docker
containers include necessary dependencies and provide for each service a REST API and GUI to allow
operating a setup through a uniform interface.

3. Quality control tests during ITk Pixel detector units (pre-)production

Quality control tests during (pre-)production will ensure the quality of each produced com-
ponent. LLSs will be electrically tested with connectivity tests and data transmission test. The
module performance will be evaluated with front-end scans similarly to the demonstrator tests. For
efficient testing of the LLSs the previous developments will be of immense help.

4. Outlook

Preproduction of LLSs is currently ongoing. Successfully tested preproduction units of the
Outer System (OB and OEC) will come together at the beginning of year 2025 to build a detector
slice as a next important milestone combining multiple LLSs in a large system test stand. With a
successful slice test, the collaboration can start the production of the Pixel detector units.
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