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Overview

The ATLAS experiment is an important element of the CERN physics program. To probe
into unexplored physics territory, we seek to collect more collision data per second. We
accomplish this through a series of upgrades of both the Large Hadron Collider (LHC)
and ATLAS. The Yale ATLAS group is involved in a major upgrade of the ATLAS detector,
the Inner Tracker (ITk), expected to be commissioned in CY2027.

Upgrading the ATLAS Inner Tracker Stave Cores

At Wright Lab, the Yale ATLAS group has conducted R&D and prototyped the
construction of state-of-the-art low-mass structures to hold sensors (i.e., particle
detectors) that will track particles as they leave the interaction point. The structures,
called stave cores, are the basic building block of the new ITk detector for ATLAS. The
stave cores provide both mechanical support and thermal management for the module
detectors and associated electronics.

A stave hosts 14 identical
~ . rectangular modules on each side

The ITk is a new central tracker consisting of silicon
pixel (inner) and strip (outer) detectors, also known
as modules. The silicon strip detector is comprised
of three major subsystems, including two endcaps
and a barrel. The staves are used to mount strip
sensors. Each stave has 28 silicon detectors (14
modules on each side) and is 1.4 meters in length.

The Yale University ATLAS Group is responsible for the production and quality assurance
(QA) for one-half of the total barrel stave core complement (227 out of a total of 454
which includes spares). Collaborators in the UK (Oxford, Liverpool, Queen Mary, and
Sheffield) are responsible for the other half. Brookhaven National Laboratory is tasked to
mount silicon modules on each Yale-produced stave core and test the final assembly. The
complete staves will be shipped to CERN for installation in the barrel support structure.
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Collaboration

ATLAS is one of two general-purpose detectors at the LHC, located at the Center for
European Nuclear Research (CERN) in Geneva, Switzerland. The ATLAS collaboration is a
collection of ~3500 collaborators from ~33 different countries. Yale’s involvement in
ATLAS dates back two decades, when the experiment was first being planned, and Yale is
part of the ATLAS leadership in physics, operations, and upgrade. The ATLAS ITk upgrade
project is funded by the United States Department of Energy.
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Our Process

Stave production involves four primary phases to ensure strips are within specifications.
These include quality assurance (QA) and quality control (QC) tests using the Bus Tape
Testing Robot (BTTR), evaluating the fabrication process, thermal image testing, and
metrology measurements.

Bus Tape Testing Robot

Before initializing the fabrication of stave cores, the Copper-Kapton bus tapes undergo
a continuity test while high voltage (HV) resistance and fiducial locations are recorded.
This procedure is repeated three times throughout the entire process at the following
stages: bare tape, co-cured tape, and after core lamination. This ensures there are no

breaks in the electrical circuits along the bus tape.

Fabrication

The fabrication process utilizes many installation jigs to provide an accurate way of
producing stave cores. To assure there will be uniform heat distribution, the titanium
cooling tubes are insulated with carbon foam. After the alignment of the c-channel
and locking point inserts, the honeycomb carbon structure is meticulously cut and
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Stave Core Thermal Imaging

Principle Cooling System
* Test stave core thermal performance at e Recirculating chiller
various temperatures to ensure uniform (SP Scientific RC211B0)

heat distribution e Booster pump ensures required
* Stave coolant cycles between high and low oressure (LiquiFlo, 180 psi @ ~60°C)

temperatures (-35°C during ITk operation) « “coolant” 3M Novec HEE-7100

* Thermal camera (FLIR A655sc) takes an
infrared image of the stave to evaluate if
there are any temperature fluctuations

* Uniform temperature distribution ensures
no one module is warmer than another,
which would lead to electrical noise in
that sensor

Right: Thermal image of a stave core

Flatness and Optical Measurements using OGP

Tight tolerances are essential to guarantee proper installation while gluing modules,

as well as during insertion of loaded staves into the ITk barrel section. To mitigate
potential issues like misalignment or uneven surface height, flatness measurements and
precise optical inspections using optical gaging products (OGP) are performed.
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Right — Flatness results of a 60 cm x 11 cm segment of a stave core. X and Y axes represent
position, and the Z axis is the difference between the probe’s total travel distance
between the starting height and the surface of the stave core.




