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Contribution ID: 1 Type: not specified

Mechanical Analysis of the Atlas Strip Endcap Global
Support
Tuesday 26 June 2018 13:30 (30 minutes)
For the High-Luminosity LHC a new Mechanical Global Support frame for Strip Endcap of the
Atlas Inner Tracker (ITk) (EC for short) is being developed, for this a carbon/epoxy laminate design
and prototype have been produced. To match the design to the requirements a finite element model
of the system was created for an initial prediction of the mechanical performance, having produced

a prototype now allows for validation of individual components and the assembled system to the
calculated values.

This talk will bring you from the initial design to building both the physical and simulated variants
of the EC, to the current status with the comparison of the results found.

Author: VAN DONGEN, Jesse (Nikhef National institute for subatomic physics (NL))

Presenter: VAN DONGEN, Jesse (Nikhef National institute for subatomic physics (NL))
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Contribution ID: 2 Type: not specified

The OB stave construction of the Alice ITS Upgrade

Wednesday 27 Fune 2018 09:00 (30 minutes)

The Upgrade of the Inner Tracking System of the Alice Experiment consists of seven detector lay-
ers of Si Monolithic Active Pixel Sensors, each with a size of 30mm x15 mm.

The seven layers are organized in an Inner Barrel (IB) consisting of three layers and an Outer Barrel
(OB) made of four layers. Each layer forms a cylindrical array of staves around the beam line, with
alayout that depends on the radius of the layer. The IB staves (270mm x 15mm) are the assembly of
nine pixel chips aligned and connected to a Flex Printed Circuit (FPC) and supported on a carbon
plate that also provides cooling.

The OB stave consists of two Half Staves (HS), each made of four or seven Hybrid Integrated
Circuits (HIC), aligned and glued on a Cold Plate, with a length of 900 mm or 1500 mm, which
corresponds to the Middle Layer (ML) and Outer Layer (OL), respectively.

The Cold Plate is a thin carbon plate, 30mm wide and 300 pm thick, with integrated cooling pipes,
which provides the support and the cooling to the chip sensors.

The HIC consists of fourteen pixel chips organized into two rows of seven chips each, glued and
electrically connected by means of wire bonds to the FPC. The wire bonds are not encapsulated or
protected, enhancing the difficulties of HIC manipulation.

The two HS are supported by a lightweight carbon fiber truss structure referred to as spaceframe.
Tight requirements in the stave construction come from the precision in the sensor alignment and
in the very precise knowledge of their final position.

The construction of the IB staves is based at CERN, while five construction sites are in the process
of building the OB staves, using identical procedures and mechanical tools to ensure final compa-
rable product quality.

The aim of this work is to describe the procedure for the alignment, the assembly and the qualifica-
tion of an Outer Barrel stave together with the most relevant mechanical tools designed, produced
and used for the different phases.

The main steps of the stave assembly procedure can be summarized as follows:

- The Half-Stave assembly is performed by aligning and gluing four or seven HICs on the cold plate.
This operation is performed with tools equipped with vacuum suction systems, which are used for
the manipulation and positioning of the HICs in their nominal position by means of micrometric
motion stages tuning.

The entire task is achieved on a stainless steel base plate, 1,6 m long, machined with a planarity of
50 pm, which supports and maintains the cold plates in position during the HIC alignment phase.
The alignment step is fully controlled by a Coordinate Measuring Machine (CMM) equipped with
a video camera. Custom made CMM programs guide the operators during the entire process. The
Reference System used for the HICs nominal position is defined by special features machined on
the stainless steel base.

- The Stave assembly consists of the alignment and gluing of each HS to the space frame and a car-
bon fiber bar, 1,6 m long, equipped with vacuum suction cups and reference planes machined with
a planarity precision of 100 pm is used. The Reference System used during this step is defined by
means of dedicated support structures, on which the experiment official support blocks are glued.
The gluing procedure is performed using a master jig which is also used for the gluing of all the
stave connectors.

- The metrological survey is the final step of the assembly. A dedicated Jig located under the CMM
is used to support the stave during this phase. This step allows to verify the final sensor positions,
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in 3D volume, exploiting special reference markers placed on the chip surface.

A series of additional tools were developed for a number of operations related to the electrical
interconnections. This presentation will focus on the most complex one, used for soldering and
manipulating the flex aluminum cable, BUS, used to power the detectors.

Finally, the results of the metrological surveys on the staves produced so far at the different pro-
duction sites will be presented.

Author: Ms COLI SILVIA (INFN TO)

Presenter: Ms COLI, SILVIA (INEN TO)

July 2, 2025 Page 3



Forum on Track -+ / Report of Contributions CMS tracker alignment

Contribution ID: 3 Type: not specified

CMS tracker alignment

Wednesday 27 FJune 2018 15:00 (30 minutes)

The all-silicon design of the tracking system of the CMS experiment provided excellent resolution
for charged tracks and an efficient tagging of jets during Runl and Run2 of LHC. CMS upgraded
and installed the pixel detector during the shutdown in the beginning of 2017. The position and
orientation of tracker, consisting of 15148 silicon strip and 1856 silicon pixel modules needed to
be determined with a precision of a few micrometers. The alignment also needs to be quickly
recalculated each time the state of the CMS magnet is changed between 0T and 3.8T. We present
the results of the CMS tracker alignment, which were derived purely from reconstructed tracks of
the collisions and cosmic rays data. The geometries are finally carefully validated with data-driven
methods. The monitored quantities include the basic track quantities for tracks from both collisions
and cosmic muons and physics observables. We also want to share the valuable experiences and
lessons learnt from 2017 commissioning, like how we constrain the weak modes of the alignment
algorithm, and how the track-based alignment adjusts for the pixel radiation effects.

Authors: XIAO, Meng (Johns Hopkins University (US)); CMS COLLABORATION

Presenter: XIAO, Meng (Johns Hopkins University (US))
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Contribution ID: 4 Type: not specified

Status report of the UT project for LHCb

Tuesday 26 June 2018 17:30 (30 minutes)

A large upgrade of the LHCb detector is foreseen during the LHC second Long Shutdown when
the Upstream Tracker (UT) will replace the currently installed TT. Being composed of new, high-
granularity silicon micro-strip planes with a larger coverage, the UT will cope with an instante-
neous luminosity of 2x10"33 cm"2/s adding up to at least 50 fb-1. It will provide a fast momentum
measurement while also improving the overall quality of reconstructed tracks.

The LHC beam pipe traverses the UT body and poses further mechanical and thermal requirements
on its construction and operation, especially in the transition regions at the walls of the UT. The
UT sensors will be cooled by liquid CO2 to temperatures around -20°C to improve the lifetime in
the presence of a large particle flux. In order to place the UT sensors as close as possible to the
beam pipe, thus further improving the LHCb track reconstruction efficiency, yet ensuring safe
thermal conditions of the beam pipe, a series of thermal tests has been performed on a prototype.
One particular challenge is moreover the alignment of the sensors since a precision of a few hun-
dred microns is desired. Within the scope of additional mechanical tests, the integration of UT
components (readout cables, CO2 cooling pipes, supports for services) as well as the alignment of
the silicon staves has been studied on a special prototype box. In this presentation, the results of
these tests as well as the overall status of the project will be presented.

Authors: BRODSKI, Michael (CERN); SCHMIDT, Burkhard (CERN); COELLIL Simone (Universita
degli Studi e INFN Milano (IT)); BATISTA LOPES, Joao Carlos (CERN); ROCHET, Jacky (CERN); GOR-
BOUNOV, Petr (CERN and ITEP(Moscow)); GALKA, Michal Andrzej ( Tadeusz Kosciuszko Cracow
University of technology (PL)); MOUNTAIN, Ray (Syracuse University (US))

Presenter: BRODSKI, Michael (CERN)
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Contribution ID: 7 Type: not specified

Progress Towards the Thermal Management of the
CBM Silicon Tracking System

Monday 25 June 2018 16:15 (30 minutes)

As the core tracking detector of the CBM experiment, the Silicon Tracking System (STS) located
in the dipole magnet (1 Tm) aims to provide track reconstruction (efficiency » 95%) & momentum
determination (Ap/p ~ 2%) of charged particles from beam-target interactions (Au-Au at 10 MHz).

Due to the expected irradiation damage (NI dose - 1 x 10°14 neq/cm?), the sensors will dissipate
some power (~ ImW/cm?) and have to be kept at or below -5°C at all times by complete removal
of the heat dissipated by the front-end and read-out electronics boards (~ 40kW). The heat must
be removed to avoid thermal runaway and reverse annealing of the irradiated silicon sensors. To
achieve this, the STS will be operated in a thermal insulation box and will use bi-phase CO2 cooling
system for the electronics.

To efficiently utilise the available CO2 enthalpy:

a) thermal measurements between different thermal interfaces will be shown by using higher ther-
mal conductivity interface materials to replace all the space that otherwise would be occupied by
air.

b) operational parameters (e.g. CO2 mass flow, inlet pressure) for an optimised cooling plate design
and corresponding Finite Element Analysis results will be presented.

Additionally, for detector operation while maintaining the needed thermal environment with the
given space constraints for STS integration, a high-density thermally insulating feedthrough sys-
tem for all services is needed. In this presentation, the assembly and thermal tests for HV-LV
feedthrough panels will be shown.

This is part of an effort towards building a cooling demonstrator for two STS half-stations to show
that the CBM-STS cooling concept is viable. The respective future plan for its completion followed
by the initial construction R&D will be presented.

Author: Mr AGARWAL, Kshitij (Eberhard Karls Universitit Tiibingen (DE))

Co-authors: Dr KOCZON, Piotr (GSI Darmstadt (DE)); Dr LAVRIK, Evgeny (Eberhard Karls Univer-
sitat Tubingen (DE)); Prof. SCHMIDT, Hans Rudolf (Eberhards Karls Universitit Tiibingen (DE)); Mr
VASYLYEYV, Oleg (GSI Darmstadt (DE))

Presenter: Mr AGARWAL, Kshitij (Eberhard Karls Universitat Tibingen (DE))
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Contribution ID: 8 Type: not specified

Construction of silicon tracker modules based in
synthetic graphite tape with the properties of

diamond-like heat spreaders

Tuesday 26 June 2018 11:00 (30 minutes)

Last year we presented the use of diamond-like heat spreaders in the form of cheap Synthetic
Graphite Tape (SGT) for cooling of instrumentation in radiation intense environments.The excel-
lent double-sided taping capability of SGT allows to join the support, cooling pipes, sensors and
hybrids, leading to “taped modules” without any screwing, which allows in turn for semi-automatic
construction by simple one-axe gantries. Also thermal stressed are largely eliminated, since the
graphene layers inside SGT allows for slight (reproducible and elastic) sliding of the parts on both
sides of the tape. Here we want to discuss our experience with taped modules using the rather
complicated CMS double-layer tracker modules as an example. We will discuss the art of construc-
tion of ultra-light CF-Airex sandwiches for the support, which were built with high precision in
simple home-built thermal hot-presses (vacuum based, no hydraulics), the choice of sandwich ma-
terials for such hot-presses, the bending and gluing of hybrids on CF-sandwiches with techniques
to avoid delamination in reflow ovens (at temperatures up to 285 °C), the long-term stability and
radiation hardness.

Authors: BARVICH, Tobias (KIT - Karlsruhe Institute of Technology (DE)); BESKIDT, Conny
(KIT); DE BOER, Wim (KIT - Karlsruhe Institute of Technology (DE)); DIERLAMM, Alexander (KIT
- Karlsruhe Institute of Technology (DE)); MAIER, Stefan (KIT - Karlsruhe Institute of Technology
(DE)); SCHELL, Daniel (KIT - Karlsruhe Institute of Technology (DE))

Presenter: DE BOER, Wim (KIT - Karlsruhe Institute of Technology (DE))
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Contribution ID: 9 Type: not specified

Mechanical Integration of a Digital Tracking
Calorimeter for the Purposes of Proton Computed
Tomography

Monday 25 June 2018 17:45 (30 minutes)

ABSTRACT

Proton therapy is a novel radiation therapy modality for the treatment of malignant tissues. The
high dose gradients that can be achieved using energetic proton beams allow for more conformal
treatment plans. However, it has not yet been possible to exploit the full potential of proton ther-
apy due to range uncertainties. An important source of these is the fact that tissue proton stopping
powers are calculated using conventional CT-scans of the patient. Conversion from Hounsfield
units to proton stopping power introduces additional uncertainties in the range estimates. To
tackle this issue, our group is currently developing a Digital Tracking Calorimeter (DTC) that will
be used for proton CT purposes in proton therapy. The DTC will allow measurements of proton
stopping power in tissue using high energy proton beams that penetrate the patient. The DTC will
enable measurements of the residual range (or energy) and tracks of individual protons crossing
the patient with a high accuracy and at higher intensities. This work focuses on the mechanical
issues related to the realization of a DTC for the purposes of proton CT. An optimal detector proto-
type should have maximum integrity, reliability, accessibility, safety and maintenance capabilities.
All these features depend on precise mechanical design and analysis of entire calorimeter, stack
layers, staves and its constituent elements with regards to mechanical and thermal characteristics.
Numerical simulations based on Finite Element Method (FEM) have been performed to model the
geometry and mechanical properties of the DTC layers.

Thermo-mechanical analysis of DTC layers consisting of monolithic active pixel sensors inter-
leaved with absorber plates has been accomplished. Sensitivity analyses of mechanical strength
and DTC layer deformation have been performed taking into account relevant materials and bond-
ing methods. Additionally, thermal behaviour and heat transfer studies for two coolant fluids have
been carried out to find the appropriate cooling solution. The proper solution would avoid risks
of mechanical failure for each DTC stack and between the stacks. Accordingly, various cooling
schemes have investigated and analysed based on mechanical fabrication reliability and applica-
bility.

Keywords: Proton CT, Digital Tracking Calorimeter, Heat transfer, Temperature distribution.

Acknowledgment: This work was supported by a research grant from Bergen Research Foundation
[BFS2015PAR03] and Research Council of Norway [RCN250858].

Author: Mr SHAFIEE, Hesam (University of Bergen / Western Norway University of Applied Sci-
ence)

Co-authors: Dr MERIC, Ilker (Western Norway University of Applied Science); Dr GENOV, Georgi
(University of Bergen); Mr PETTERSEN, Helge Egil Seime (University of Bergen / Western Norway
University of Applied Science); Mr SOLIE, Jarle Rambo (Western Norway University of Applied sci-
ence); Prof. ROHRICH, Dieter (University of Bergen)

Presenter: Mr SHAFIEE, Hesam (University of Bergen / Western Norway University of Applied
Science)
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Contribution ID: 10 Type: not specified

Design and construction of the ultra-lightweight
Mu3e vertex detector

The Mu3e collaboration is setting up an experiment to study the decay of a muon into three elec-
trons p+—e+e-e+. Any observation of this decay with the Mu3e experiment would point to phys-
ical processes so far not described in the standard model, mediated by the exchange of very heavy
particles.

Mus3e uses ultra-thin High Voltage -Monolithic Active Pixel Sensors (HV-MAPS) for vertexing and
tracking plus scintillating detectors for timing.

Different tools were designed for prototype production as close as possible to series production.
Different parts of the vertex detector have been modified during the tooling process to improve
manufacturability and functionality.

The prototype half shell which is used for thermal stress tests, consists of four equivalent tape
heater ladders and PEI-end rings on both sides. A ladder includes one HDI-flex and a stiffener on
both ends. During the mounting process the ladders get connected to each other with a single fold
on the long side. It will be shown how we kept up the requirement of a very low material budget
combined with a high stability and CTE control.

This poster presentation will focus on the prototype production of the inner pixel layers. Proto-
types will be on display.

Authors: MULEY, Simon Oliver (Ruprecht Karls Universitaet Heidelberg (DE)); MEIER, Frank
(Ruprecht Karls Universitaet Heidelberg (DE))

Presenter: MULEY, Simon Oliver (Ruprecht Karls Universitaet Heidelberg (DE))
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Contribution ID: 11 Type: not specified

LHCb Scintillating Fibre Tracker: Comparison of

kinematic and structural FEA with measurements on
a prototype

Tuesday 26 June 2018 18:15 (30 minutes)

During the Long Shutdown 2 of the LHC, the LHCb collaboration will replace the current Outer
and Inner Tracker by a single tracking detector, based on 2.42 m long scintillating fibres with a
diameter of 250 pm, readout by silicon photo-multipliers (SiPM). The fibres are arranged in mats of
6 fibre-layers with a width of 130.65 mm. Eight fibre mats will form a module and are sandwiched
between honeycomb and carbon fibre composite panels to provide stability and support over the
module length of 4.85 m. The modules are supported by a C-Frame structure that provide the
proper stiffness to the full package. The C-Frames are also used to support electronic boards,
cooling systems and services and must fit in the existing bridge/platform structure imposing tight
space constraints.

One of the main purposes of the C-Frame supporting structure is to provide the proper stability
during the data acquisition, but also during installation and detector opening/closing operations.
To meet this goal, the supporting structure must be stiff enough to avoid unacceptable deforma-
tions and movements if subjected to variable loads. Furthermore, the fixation of the system has to
be properly defined. Two principal studies have been carried out to optimize the design and the
structural behaviour of the structure: kinematic and structural finite element. A detailed kinematic
analysis allowed to define and optimize the proper constraints of the system during the insertion,
the opening and closing phase and the service position. The theoretical fixation concept has been
slightly adjusted to guarantee the proper mechanical properties in terms of stability to the support-
ing structure. Finite element analyses have been performed to assess the mechanical behaviours
and stability for different load and constraint configurations.

A comparison with a real scale prototype, that will be assembled at CERN in April 2018, will be
provided. Modifications suggested from the comparison and lessons learned will be also reported.

Author: SCIUCCATI, Augusto (CERN)

Presenter: SCIUCCATIL Augusto (CERN)
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Contribution ID: 12 Type: not specified

The prototype of the gas system for the TOF-MPD

The Multi-Purpose Detector (MPD) being currently developed in the Laboratory of High Energy
Physics of the Joint Institute for Nuclear Research will be used for studies of hot and dense nuclear
matter, by detecting particles produced in heavy ion collisions. One of the most important systems
of the MPD, which will be used in the identification of these particles is Time-of-Flight (ToF)
detector. It has to provide time resolution better than 100ps for effective separation of charged
hadrons, so detector based on the multi-gap Resistive Plate Chambers technology, filled with gas
and working in the avalanche mode has been chosen to achieve this requirement. Parameters of gas
environment inside of the detector chambers have major influence on its registration possibilities.
That is why ensuring suitable, clean and stable gas mixture is crucial for proper functioning of the
detector.

During the presentation a prototype of the gas system for Time of Flight detector will be shown.

Author: Mr ROSLON, Krystian (Warsaw University of Technology (PL))

Presenter: Mr ROSLON, Krystian (Warsaw University of Technology (PL))
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Contribution ID: 13 Type: not specified

Calibrated orifices for CO2 cooled detectors

Monday 25 June 2018 11:00 (30 minutes)

Calibrated orifices for CO2 cooled detectors

Several detectors use evaporating CO2 cooling systems. For a tracker that dissipates power and
needs to mantain the sensors below a maximum temperature, i.e. -5 °C, to avoid the thermal run-
away, a CO2 cooling system integrated in the local support minimizes the total mass. This means
larger radiation length.

The evaporating CO2 coolant extracts the power, dissipated mainly by the red-out front-end ASICs,
changing phase from liquid to vapour, at a nearly constant temperature; saturation temperature
drops along the cooling channel in relation to the fluid pressure drop. The detector temperature
uniformity, i.e. 5 °C, is controlled by its channel pressure drop. Sometime in the design small
diameter pipes and non conventional geometries are used, i.e. serpentines, 2 mm inner diameter
titanium cooling pipe. Analytical calculations are difficult whwn few or no correlations are avail-
able for these design typologies.

This is a first reason to investigate and set up experimentally measurements of detector thermo-
hydraulic dummies.

Another reason is that the detector cooling systems fequently have parallel evaporating channels.
Attention must be payd to the stability of the cooling system. The cooling distribution needs to
implement proper pressure drops at the inlet of the parallel evaporating channels . To select the
correct figure the cooling channel pressure drop need to be estimated.

Finally, the inlet pressure drop to be installed has to be designed and experimentally checked.
There are typically two options: distributed or concentrated pressure drops.

The first one uses capillary pipes, that could be long and need to be coiled to reduce the needed
space; the second one uses calibrated orifices, less common in the actual detector design.

In Milano, investigations have been conducted, and are in progress, using a TRACI CO2 cooling
unit, focusing on the use of orifices for the CO2 distribution.

The actual work is dedicated to both the LHCb UT tracker and the ATLAS ITk Pixel Encap, but the
measurements and outcomes can be useful for any other CO2 cooled system.

Author: COELLL Simone (Universita degli Studi e INFN Milano (IT))

Presenter: COELLL Simone (Universita degli Studi e INFN Milano (IT))
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Contribution ID: 14 Type: not specified

New CERN CO2 test facility for mini- and
micro-channels

Monday 25 June 2018 13:30 (30 minutes)

The benefits of the thermal management of tracking detectors through CO<sub>2</sub> boiling
flows in evaporators of small diameter have been successfully demonstrated multiple times within
the research community.

However, the current predictive models for two-phase flows have a wide range of accuracy, in par-
ticular when dealing with micro-channels. Due to the lack of reliable experimental data, the diffi-
culty faced by the designer of new evaporators based on channels of very small size is even more
critical when CO<sub>2</sub> is the planned refrigerant. There is indeed no agreement, even in
the most advanced available literature, on the definition of the dimensional limits of macro-, mini-
and micro scale dominated phenomena.

A long-term study has been launched with the ambitious objective of developing a deeper under-
standing of the properties of boiling flows of CO<sub>2</sub> in view of their actual applica-
tion in simple small diameter tubular evaporators as well as in complex silicon-substrate multi-
microchannel cooling devices. Only a thorough and basic understanding of the physical processes
occurring in mini- and micro-channels can help to optimize the design parameters of future appli-
cations.

A new test stand has been designed for testing mini- and micro-channel cooling with boiling
CO<sub>2</sub> with an unprecedented level of accuracy. A purpose-built test circuit is housed
in a vacuum vessel to guarantee adiabatic test conditions. In combination with this test circuit, a
recently developed refrigeration loop for CO<sub>2</sub> investigations can deliver stably con-
trolled flows at saturation temperatures ranging from -25°C to +20°C. High precision sensors ac-
count for pressure drop, heat transfer and mass flow rate within and along the tested tubes. Efforts
were undertaken to achieve an outstanding accuracy level within the field of research. RTD sen-
sors (Pt100), calibrated to measure within an uncertainty of 0.015°C, provide direct measurements
of the fluid temperature before and after the test section, while point-like K-type thermocouples
measure the outer wall temperature of the test section with an uncertainty of 0.1°C. A high-end
differential pressure sensor in combination with a highly accurate read-out system can measure
pressure drops along the tubes within an uncertainty of 1.5 mbar for a maximum of 3 bar diff. The
installed mass flow meter can measure flow rates from 0.16 down to 0.003 g/s with an accuracy
of 0.2 % of reading. Stainless steel tubing ranging from 2.15 mm to 0.13 mm will be tested with
mass fluxes ranging from 200 to 1200 kg/m2s and heat fluxes from 5 to 50 kW/m<sup>2</sup>. As
a subsequent step multi-micro channels explicitly designed for possible use in tracking detectors
will be tested to quantify the expected high thermal figure of merit of these devices compared to
conventional detector cooling methods.

First results of pressure drop and heat transfer coefficient will be discussed in detail and compared
with forecasts from existing correlations, as an essential step towards new and more reliable mod-
els for boiling flows of CO<sub>2</sub> in mini- and micro-channels and towards more efficient

detector cooling.

Authors: HELLENSCHMIDT, Desiree (Universitit Bonn (DE)); PETAGNA, Paolo (CERN)
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Presenter: HELLENSCHMIDT, Desiree (Universitat Bonn (DE))
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Contribution ID: 15 Type: not specified

Transient Simulations of Two-Phase Accumulator
Controlled Loops

Monday 25 June 2018 11:45 (30 minutes)

The challenges involved in cooling Silicon trackers are well known: a radioactive operating en-
vironment, tight space and mass constraints, a need for small thermal gradients and difficulty in
access to the detector zone for maintenance. Two-Phase Accumulator Controlled Loop (2PACL)
based systems have proven to be successful in meeting these challenges and have thus far been
used on the LHCb VELO, the ATLAS IBL tracker as well as the CMS Pixel detectors, aside from
the tracker on the AMS experiment of the International Space Station.

This success has led to a growing interest in such systems, and many of the next generation of
tracker detectors will adopt the 2PACL cycle for Silicon cooling. These new systems, however,
have much more stringent requirements: even lower detector temperatures (<-30°C); an order of
magnitude greater cooling loads (in the region of 200 kW); the need to operate several plants in
parallel; even smaller cooling tubes; and the need for redundancy to deal with plant failures or
maintenance.

These challenges cannot be met by the existing systems without a thorough reexamination of
the system design and control philosophy. The larger volumes of the detectors to be cooled, for
instance, would require impractically large accumulator vessels, and underground storage of such
a large amount of CO2 will present safety challenges.

To investigate alternative solutions, in addition to targeted experimental programmes, there is a
need to develop a simulation tool capable of predicting 2PACL system behavior under a variety of
steady state and transient conditions. Such a tool will enable designers to iterate through several
design options and investigate the impact of different control strategies in a safe environment.
It will also lead to savings in both time and money when compared to developing a dedicated
prototype unit for each alternative.

The current work discusses the development of such a tool. A component-based framework has
been developed in the object-oriented physical modelling platform EcosimPro. The platform has
been previously used at CERN to successfully conduct dynamic simulations of cryogenic systems.
The finite volume method has been used to discretize the governing conservation equations. Two-
phase flow, which is of significant importance in the current application, has been pragmatically
modeled using slip -ratio based void-fraction correlations.

A dedicated test facility reproducing the 2PACL architecture and specifically equipped for the
current project has been used to collect data in a variety of transient conditions: system startup,
step change of temperature set point, step change of the cooling load and finally, system shutdown.
These conditions have been simulated using the component-based modeling framework presented
here, and preliminary verification and validation results are discussed in what follows.

Authors: BHANOT, Viren (University of Manchester (GB)); PETAGNA, Paolo (CERN); CIONCOL-
INI, Andrea

Presenter: BHANOT, Viren (University of Manchester (GB))
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Contribution ID: 16 Type: not specified

Module mechanics R&D for phase Il upgrade of CMS
outer tracker

The CMS experiment will change it’s silicon tracker completely during phase II upgrade. There is
need to develop light and high precision and durable mechanical structure for silicon sensor. The
prime purpose of this should also be reducing material in the silicon tracker detector. The group
at IIT Madras is heavily involved in R&D of production of this precision components. We have
produced high precision bridge made of AL-CF material and carbon fiber stiffener.

Authors: Prof. BEHERA, Prafulla (Indian Institute of Technology Madras (IN)); Dr DEVADULA,
Sivasrinivasu (IIT Madras); Mr NGANGKHAM, Peter (IIT Madras)

Presenter: Prof. BEHERA, Prafulla (Indian Institute of Technology Madras (IN))
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Contribution ID: 17 Type: not specified

CERN EP R&D initiative - Detector Mechanics

Tuesday 26 June 2018 09:00 (30 minutes)

The CERN EP department has recently launched a process in view of starting in 2020 an R&D
programme on new Detector Technologies. Detector Mechanics is one of the main themes within
which the specific and focused R&D activities are planned to be. The current target is to provide
by November 2018 a report summarizing the R&D programme proposal. We will describe the
on-going process of this R&D programme launch, which topics are being considered for the De-
tector Mechanics R&D and explain how parties, also from outside from CERN EP, may contribute.
More information on the R&D initiative is available in https://ep-dep.web.cern.ch/rd-experimental-

technologies and on the Detector Mechanics working group in https://espace.cern.ch/ep-rdet-wg4-
mech.

Authors: GARGIULO, Corrado (CERN); ONNELA, Antti (CERN)

Presenters: GARGIULOQ, Corrado (CERN); ONNELA, Antti (CERN)
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Contribution ID: 18 Type: not specified

Pipe joining techniques for Phase 2 upgrades
high-pressure systems - Summary report from CERN’
s 18th of May 2018 workshop

Monday 25 June 2018 15:00 (30 minutes)

A one-day workshop about pipe joining techniques for high pressure cooling systems (including
fittings, welded/brazed joints and special connections involving electrical breaks) has been held
at CERN on the 18th of May 2018 with the aim of bringing together all the people working on
these subjects for the Phase 2 upgrades projects and trigger discussions, synergies and possible
collaborations.

In this talk I will highlight the challenges of the phase 2 upgrades in terms of joining techniques
and summarize what was presented during the workshop.

Author: DAGUIN, Jerome (CERN)
Co-author: PETAGNA, Paolo (CERN)
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Automating the assembly of PS modules for the CMS
Phase Il Tracker

Wednesday 27 June 2018 11:45 (30 minutes)

For the start of the High-Luminosity phase of the LHC, the CMS tracker will be replaced by a
new tracking detector; this and other upgrades will allow the experiment to both cope with the
increased instantaneous luminosity and, at the same time, enhance its overall physics reach.

A key aspect of the upgraded CMS tracker is the use of double-sided pixel-strip (PS) and strip-strip
(2S) modules capable of local stub reconstruction. This new hardware capability will be exploited
to identify stubs from high-pT charged particles and transmit tracking information to the L1 trig-
ger for every LHC bunch crossing. The need to correlate hits across the two sensors of a module
for local stub reconstruction leads to stringent requirements on their relative alignment; for exam-
ple, the two sensors of a PS module must be assembled to a relative rotational alignment of 800
microradians.

We present a method to partially automate the assembly of PS modules for the CMS Phase II
Tracker. The method is based on the integration of a high-precision motion stage with a vacuum
handling tool and a high-definition camera, all controlled via a dedicated software interface. The
positions of the two sensors are deduced using a pattern recognition algorithm on images acquired
by the camera and, based on these measurements, the two sensors are brought into alignment
for the module assembly. The current status of the automated assembly procedure is discussed,
including results on the first mechanical prototypes.

Author: MISSIROLIL Marino (Deutsches Elektronen-Synchrotron (DE))
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Module Prototyping for the Phase 1l Upgrade of the
CMS Outer Tracker

Wednesday 27 June 2018 11:00 (30 minutes)

To cope with the challenges of the HL-LHC the tracker of the CMS detector will be replaced by
an enhanced version within the Phase-II Upgrade until 2026. The future outer tracker consists
of "13000 double-sided silicon sensor modules of two types (25-Modules: strip/strip sensor, PS-
Modules: pixel/strip sensor) with different granularities depending on their distance to the interac-
tion point. With readout chips connected to both sensors these so called p_T-modules distinguish
charged particles according to their bent trajectory in the magnetic field by a coincidence logic.
The information of high-p_T particle tracks contributes to the Level 1 trigger. The large number of
modules and their complex structure puts strict requirements on various aspects of the assembly
and test procedures during the production phase beginning in 2021. The various assembly and test
concepts for this large scale production in respect to the 25-Module including existing prototypes

are presented.

Authors: MAIER, Stefan (KIT - Karlsruhe Institute of Technology (DE)); HUSEMANN, Ulrich (KIT -
Karlsruhe Institute of Technology (DE)); DIERLAMM, Alexander (KIT - Karlsruhe Institute of Technol-
ogy (DE)); BARVICH, Tobias (KIT - Karlsruhe Institute of Technology (DE))
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Wirebond Encapsulation for HL-LHC Tracking
Detectors

Tuesday 26 June 2018 09:45 (30 minutes)

Silicon-based tracking detectors are made possible by semiconductor industry advances, including
high-density wirebonding for interconnects. Wirebond connections are made by ultrasonically
bonding aluminium wire between sensors, front-end amplifiers and hybrid circuits. A large num-
ber of low mass, compact hybrid circuit ‘modules’, with millions of wirebonds, are needed and must
withstand the harsh operational and environmental conditions of the HL-LHC experiments. Ex-
posure to moisture, ionic (halogen) contaminants, and mechanical/thermal stresses can be highly
detrimental and have led to unexpected wirebond failures in past and recent large-scale silicon
detectors. For improved reliability, I will talk about ongoing evaluations of materials and methods
for protection of wirebonds from the HL-LHC environment, as well as providing for handling,

assembly, electrical and thermal considerations.

Author: Mr ARNDT, Kirk (University of Oxford Department of Particle Physics)
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The Mu3e ultra-low-mass tracker

Monday 25 June 2018 17:00 (30 minutes)

The Mu3e experiment uses an ultra-low mass tracking and timing detector to search for the very
rare decay T — eteet. The tracks to be observed in this experiment will have a maximum
momentum of about 53 MeV, hence the need for very thin detectors. The silicon pixel detector is
in a barrel shape and the physics performance requires for a material budget per layer of about 0.1
% x/ Xo. The pixel sensor is a monolithic HV-CMOS design which allows them to be thinned down
to 50 pm. The high-density interconnect (HDI) is a flex circuit made with aluminium as conductor.
The chip produces about 250 mW/cm? heat, which is cooled away by gaseous helium. All this will
be integrated with two compact timing trackers (scintillating fibres and tiles) inside a 1 T magnetic
field.

This talk will focus on the many mechanical challenges this detector design offers. After an
overview, the main parts will be presented and what solutions for the mechanics have been found
to meet the requirements. The current detector design integrates all parts (electronics, mechanics,
cooling and power supplies) and is currently being built as a full mock-up. Unorthodox choices
were required to reduce the material, including polyimide carrying structures (25 um thin) with
integrated helium cooling channels, the use of 3d-printed structures for the gas distribution, con-
ductively cooled copper rods for powering, to just highlight a few unique solutions developed. A
strong emphasis has been put on simulation of critical components and concepts. They were com-
pared to measurements in the laboratory using representative mock-up parts of the pixel modules
and components of the Helium cooling.

Author: MEIER, Frank (Ruprecht Karls Universitaet Heidelberg (DE))
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Services Design for the CMS Phase Il Inner Tracker

Wednesday 27 June 2018 14:15 (30 minutes)

To cope with High Luminosity LHC data taking conditions, the CMS Inner Tracker will be rebuilt
for Phase II Upgrades. To limit particle occupancy at the per mille level and improve track resolu-
tion, we will increase the granularity of the sensors. This comes with a host of challenges for rout-
ing the cooling and electrical services, and optical cabling in the Inner Tracker, especially through
the Service Cylinder connecting the Tracker Forward Pixel Detector (TFPX) and the Tracker End-
cap Pixel Detector. We describe our solutions to these challenges. We also describe a “cartridge
system” within the TFPX that will speed up installation and maintenance. Further, we describe a
structural scheme that allows easy replacement of the inner sensor layers that will be most subject

to radiation damage.

Author: PADILLA FUENTES, Yadira (Cornell University (US))
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Thermo-mechanical characterization of Petals as
Local Support Structures for the ATLAS ITk Strip

Detector

Tuesday 26 June 2018 14:15 (30 minutes)

The ATLAS Inner Tracker (ITk) is the phase-II upgrade of the current ATLAS tracking detector,
meant to meet the challenges at the high-luminosity LHC.

The forward regions of the ITk silicon strip tracker (the “end-caps”) will consist of six disks pop-
ulated with wedge-shaped silicon micro-strip sensors, divided in “module” units containing the
readout, power and control electronics.

The modules are directly glued on likewise wedge-shaped local support structures called petal
cores, consisting of carbon fiber-based sandwich structures with embedded titanium cooling pipes
as well as data and power buses. These support structures with 18 sensor modules in six different
shapes glued on it are called petal. Each end-cap disk will be constituted of 32 petals.

The petal core structure provides mechanical stability for the glued on sensor modules while mini-
mizing the amount of material. Evaporative CO2 cooling is used to allow for cooling of the sensors
as well as the readout electronics.

A number of prototype petal cores have been constructed at DESY and IFIC. A variant of the pro-
cess has been industrialised and additional prototypes have been produced to test the alternative
to the baseline design. In addition, a thermo-mechanical petal prototype, fully loaded with dummy
silicon modules emulating the heat sources of the real petals with the same geometry.

A whole set of measurements has been performed on these objects to validate the petal design. This
extensive prototype testing consists of measurements to address their mechanical stability (e.g.
bending and vibration tests), their thermo-mechanical behaviour using dual-phase CO2 cooling
(e.g. infrared thermography) and their material properties (e.g. material budget measurements).
The experimental results have also been used to validate existing thermo-mechanical FEA simu-
lations. The aim of this process is to validate a petal design as well as planning of QA and QC
concepts for production.

Authors: ARLING, Jan-Hendrik (Deutsches Elektronen-Synchrotron (DE)); DAVID, Claire (Deutsches
Elektronen-Synchrotron (DE)); AHRENS, Soren (Deutsches Elektronen-Synchrotron (DE)); ARIZA
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(DE)); REHNISCH, Laura (Humboldt University of Berlin (DE)); SPERLICH, Dennis (Humboldt Uni-
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Prototyping and Assembly for the CMS Phase Il
Tracker TEDD

Wednesday 27 June 2018 13:30 (30 minutes)

For the high-luminosity LHC (HL-LHC), CMS will install a completely new silicon tracker. Due to
the anticipated increase in instantaneous luminosity by a factor of five compared to the LHC design
value, the granularity will be significantly increased in order to cope with the higher track density.
In addition, the tracker will provide information the first level trigger of CMS. The future tracker
will consist of two barrel parts and two end caps (TEDD), one on each side. One end cap is made
of five double-disks, each equipped with detector modules on all four faces to ensure a complete
coverage. The backbone of the mechanical structure of the end caps are highly integrated half-
disks. The contribution will give an introduction into the design of the TEDD and the half-disks,
outline the status of the ongoing prototyping and R&D for the half-disks, and discuss possible
assembly sequences and toolings to build double-disks and the final end caps.

Authors: REICHELT, Oskar (Deutsches Elektronen-Synchrotron (DE)); MUHL, Carsten Wilhelm
(Deutsches Elektronen-Synchrotron (DE)); HARB, Ali (Deutsches Elektronen-Synchrotron (DE)); Dr
GUTHOFF, Moritz (Deutsches Elektronen-Synchrotron (DE)); MUSSGILLER, Andreas (Deutsches Elek-
tronen-Synchrotron (DE))
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Module Design and Development for LHCb VELO
Upgrade Project

Tuesday 26 June 2018 16:45 (30 minutes)

TLHCD experiment is about to implement a major upgrade, scheduled to start
data taking in LHC Run III. The Vertex Locator (VELO) is the silicon detector
surrounding the interaction region. It will be completely replaced with a new
light weight pixel detector capable of 40 MHz readout.

The upgraded VELO modules will each host 4 silicon hybrid pixel tiles, each
read out by 3 VeloPix ASICs. The silicon sensors must withstand an integrated
fluence of up to 8x101°1MeVn.q/cm?, a roughly equivalent dose

of 400 MRad. The highest occupancy ASICs will have pixel hit rates of 900
Mhit/s and produce an output data rate of over 15 Gbit/s, with a total rate of
1.6 Thit/s anticipated for the whole detector. The detectors are located in
vacuum, separated from the beam vacuum by a thin custom made foil. The foil
will be manufactured through a novel milling process and possibly thinned
further by chemical etching.

The VELO upgrade modules are composed of the detector assemblies and
electronics hybrid circuits mounted onto a cooling substrate, which is composed
of thin silicon plates with embedded micro-channels that allow the circulation
of bi-phase CO3. The front-end hybrid hosts the VeloPix ASICs and a GBTx
ASIC for control and communication. The hybrid is linked to the opto-and-power
board (OPB) by 60 cm electrical data tapes running at 5 Gb/s. The tapes must be
vacuum compatible and radiation hard and are required to have enough
flexibility to allow the VELO to retract during LHC beam injection.

The entire assembly must respect

strict deformation and bending constraints, have a high radiation tolerance

and very low outgassing levels. The module design will be described

Presenter: DE AGUIAR FRANCISCO, Oscar Augusto (CERN)
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R&D on CO2 cooling using a silicon Microchannel
substrate for the LHCb VELO

Monday 25 June 2018 14:15 (30 minutes)

LHCb is a flavour physics detector at the LHC, designed to detect decays of
b- and c-hadrons for the study of CP violation and rare decays. At the end
of Run-1II the experiment will implement a major upgrade. The hardware
trigger will be removed and the entire experiment will operate at 40 MHz.
The Vertex Locator (VELO) is the silicon detector surrounding the
interaction region, responsible for reconstructing the primary collision
points and secondary decay vertices of long-lived particles. It will be
replaced with a new light weight pixel detector equipped with electronics
capable of providing 40 MHz readout.

The upgraded VELO modules will each host 4 silicon hybrid pixel tiles, each
read out by 3 VeloPix ASICs with a total power consumption of up to

30 W. The tiles will be subjected to significant

radiation damage and an efficient lightweight cooling solution is essential
to control reverse annealing in the silicon sensors. The solution adopted

is to mount the tiles on a cooling substrate composed of thin silicon plates
with embedded micro-channels that allow the circulation of evaporative
COs,. This solution is highly efficient, has low and uniform mass, and is
radiation hard. Specific R/&D has resulted in a design which gives the
correct pressure-flow performance and allows the attachement of the
connector to the cooling substrate. The design has undergone robustness and
stability tests guaranteeing that the system level performance will function
correctly. The microchannels are currently in production and the cooling
status will be described.

Authors: CARVALHO AKIBA, Kazuyoshi (Federal University of of Rio de Janeiro (BR)); COLLINS,
Paula (CERN)

Presenter: BYCZYNSKI, Wiktor (CERN)

July 2, 2025 Page 28



Forum on Track ‘- / Report of Contributions Analytic thermoelectric modeling -

Contribution ID: 28 Type: not specified

Analytic thermoelectric modeling of the ATLAS ITk
strips detector

Tuesday 26 June 2018 15:00 (30 minutes)

The thermal properties of a silicon detector are typically modeled using numerical methods, such
as finite element analysis (FEA) simulation, to determine thermal performance and estimate the
risk of thermal runaway. Such methods are essential for understanding detector performance,
however they have some limitations: a FEA simulation can only provide results for a discrete set
of operating conditions, and the process is computationally expensive.

A simple analytic model has been developed to complement the FEA approach. This model predicts
the behavior of a silicon detector by calculating the cumulative effects of the thermal and electrical
characteristics of the on-module detector components. A module’s thermal behavior is represented
by a simple network of one-dimensional thermal pathways whose properties are taken from FEA
simulation. The thermal and electrical properties of front-end electronics are encoded in the model
using parameterizations of direct measurements. Using this model, the performance of a detector
can be evaluated over a range of operational conditions. The full lifetime of the detector can be
simulated by adding the effects of radiation damage and other time-dependent processes.

We present a working example of the analytic model as applied to the ATLAS ITk strip detector
in preparation for the Phase-II Upgrade. The model is used to test design choices, validate specifi-
cations, and predict the total power of the strip barrel and endcap subsystems. The model reveals
insights into the interplay of detector elements and operational conditions in the silicon module,
and it is a valuable tool for estimating the headroom remaining before reaching thermal runaway.

Authors:  VIEHHAUSER, Georg (University of Oxford (GB)); BRENDLINGER, Kurt (Deutsches
Elektronen-Synchrotron (DE)); Dr BECK, Graham (University of London (GB)); Mr CHEN, Yu-Heng
(Deutsches Elektronen-Synchrotron (DE))
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Structure and Cooling for the CMS Phase Il Tracker
Forward Pixel Detector

Wednesday 27 June 2018 09:45 (30 minutes)

The High Luminosity LHC will reach an instantaneous luminosity of 5 x 1034 cm”-2 s"-1 with 140
to 200 pp collisions per bunch crossing and collect a total of 3 ab™-1 of 14 TeV data. To cope with
these challenging data conditions, the CMS Inner Tracker will be rebuilt for Phase II Upgrades.
To limit particle occupancy to the per mille level and improve track resolution, we will increase
the granularity of the sensors. This will result in power dissipation of approximately 50 kW. For
sensors to survive the radiation close to the beam pipe, we will need to maintain them around
-20 C. Thus, cooling the detector will be of paramount importance. We present a vision for the
structural support and cooling services of the Tracker Forward Pixel Detector that has been studied
through finite element analyses. The simulations are informed by experimental measurements of
the thermal transport properties of bulk and interface materials performed in novel, custom-made
apparatuses. We also present progress with fabrication of prototypes for some of the structural
parts, and plans for the rest.

Author: Dr DAS, Souvik (Purdue University (US))
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Heat Transfer Interface to Graphitic Foam

Tuesday 26 June 2018 11:45 (30 minutes)

Thermal interface materials (TIMs) used for bonding components are important for creating a
thermal conductive path which improves heat dissipation. Low density, porous carbon foams are
commonly used for thermal management applications and devices. Their high surface area to vol-
ume ratio enables cooling more effectively via different heat transfer methods. Many studies have
adopted different methods to analytically or computationally analyze the effective thermal conduc-
tivity of carbon foams. Others have studied the participation of TIMs used in composite materials.
However, very few studies have analyzed the microscale effects of the interaction between TIM
and carbon foams. The amount of contact between a carbon foam and a bonded surface has hardly
been reported in the literature. In this study, a glassy graphitic foam developed by AllComp Inc.
was used as a precursor. Graphene’s highly anisotropic thermal properties result in high thermal
conductivity in the planar direction, while low in the normal direction. With these anisotropic ther-
mal characteristics, it is interesting to determine how varying TIM thickness optimizes for thermal
conductivity. It is hypothesized that the direction where heat enters the graphitic foam and the
size of the cross-sectional area normal to the heat flux direction would affect the overall effective
thermal conductivity. Furthermore, a gap created between ligands and the bonded surface would
likely reduce it. A computational model using ANSYS finite element program was developed in
this study. Incorporating TIMs in the finite element model, the effective thermal conductivity is
found to increase by 2.9% to 20% depending on the filler types and its thickness. With ligands at
the interface removed, the effective thermal conductivity decreases by -8.5% to -40%. The results
demonstrate that the parameters at the interface can be optimized to improve the overall effective

thermal conductivity of the interface.

Authors: LIN, Fang-Ming (Lawrence Berkeley National Laboratory); ANDERSSEN, Eric (Lawrence
Berkeley National Lab (US)); YEE, Raymond K. (Mechanical Engineering Department, San Jose State
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Design and test plans of vacuum insulated transfer
lines for the CO2 cooling systems of the phase Il CMS
detectors

The CMS Phase II upgrade program includes a new tracker, new timing layer detectors and high-
granularity silicon-based calorimeter in the endcap region. All these detectors will be cooled with
liquid pumped CO2. Besides the development of a cooling system with capacity for this order-of-
magnitude increase in power over Phase I heritage, significant efforts are required to define the
coolant distribution from the plants in USC55 to on-detector evaporator loops.

This poster describes ongoing activities to design the vacuum-insulated transfer lines routing
coolant from the plants in USC55 to the sub-detector manifolds. These transfer lines must interface
with both the on-detector cooling hardware and the plants in USC55, while respecting challenging
integration constraints. Moreover, the transfer lines’decisive impact on return line pressure drops
and system volume makes them a major driver of cooling system performance and cost.

The present study first formulated a grouping of cooling plants, manifolds and sub-detectors to
respect operational requirements and integration constraints. Based on simulations of return-line
pressure drops and system volume, optimal transfer line routings will then be proposed, with on-
site verification of the routing foreseen during LS2. Planned research activities concerning vacuum
insulation performance and 2-phase flow in flexible hoses and long vertical transfer lines are also

presented.
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Mono-block Approach for a Refrigeration Technical
Application (MARTA) -a cooling system based on the
CO2 I-2PACL technology

In the context of its High Energy Physics related activities, CERN in collaboration with NIKHEF
has developed the Transportable Refrigeration Apparatus for CO2 Investigation (TRACI).

TRACT is an evaporative CO2 cooling system for scientific and industrial R&D equipment based on
[-2PACL (Integrated 2 Phase Accumulator Controlled Loop) technology. The I-2PACL is the method
that can instantly control the evaporative conditions in an experimental set-up vary from room
temperature down to -35 °C. This technology is therefore an ideal way of controlling set-ups with
a high demand on thermal stability and flexibility with a minimum of added hardware.

Cracow University of Technology (CUT) in collaboration with industrial partners: PONAR Wad-
owice S.A. and CEBEA Bochnia have undertaken mission of production and development of a new
cooling system MARTA (Monoblock Approach for a Refrigeration Technical Application) based on
TRACI. In the MARTA project there have been some new technologies applied and tested, eg. a
mono-block concept, new dedicated CO2 valves. Moreover optimization has been made in power
consumption, applicable range of temperature and control system. MARTA offers many optional
features in order to make it more user friendly and easily operated. The coolers MARTA are char-
acterized by significantly higher cooling capacity (up to 350W) in comparison to TRACI.

In the presentation the new enhanced system MARTA, based on monoblock concept will be shown,
as well as experience and lessons learned during development, production and operation of the sys-
tem. A feedback from first MARTA users is expected and it will be discussed.

Authors: MrKANTOR, Ryszard ( Tadeusz Kosciuszko Cracow University of technology (PL)); PETAGNA,
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Quality Assurance and Quality Control of silicon
cooling plates with embedded microchannels

The Detector Technologies (DT) group at CERN is actively investigating the potential application
of silicon micro-devices in High Energy Physics (HEP) experiments. In particular, an important
effort currently focuses on the use of micro-channels etched in single crystal silicon (ScSi) wafers to
circulate a cooling fluid for the thermal management of silicon detectors. However, the anisotropic
and brittle nature of ScSi makes it very difficult to predict its response to mechanical loads which
may lead to catastrophic failure. The DT group is conducting an extensive R&D programme in
order to gain a better understanding of the behaviour of ScSi devices subjected to internal pressure.
The results of this research will help to optimise the design of future devices and establish suitable
quality control procedures for the production of such cooling plates.

Authors: CALLEGAR], Riccardo (INFN e Universita Genova (IT)); ALVAREZ GOMEZ, Daniel (Un-
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Lausanne (CH)); DEGRANGE, Jordan (CERN); DUMPS, Raphael (CERN); FLISS, Oussama (Ecole Poly-
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Micro oscillating heat pipes for thermal management
in high energy physics and space applications

Thermal management represents a major challenge in both high energy physics (HEP) and space
missions. Whether it is to dissipate the heat generated by readout chips and other electronic
components or to extend the service life of silicon sensors, cooling has become one of the main
design concerns in both fields. Furthermore, the harsh environmental conditions encountered in
both outer space and HEP experiments impose severe constraints, as the cooling solutions must
operate under vacuum and absorb significant radiation doses.

Continuous advances in micro-engineering have opened the door to the development of smaller
and more efficient cooling devices capable of handling increasing power densities with a minimum
mass penalty. In this respect, previous work carried out at CERN has focused on the use of micro-
channels etched in single crystal silicon (ScSi) wafers to circulate a cooling fluid. However, whilst
this technology represents an appealing solution for thermal management in detector modules,
it poses a number of challenges, particularly for high fluid pressures and long staves. Among
these, the brittle nature of ScSi, the lack of suitable interconnections and the difficulties for the
integration, packaging and qualification of such devices hinder their application in areas where
reliability is paramount.

This research project aims to address these issues, developing high conductivity, radiation hard
devices that meet the requirements of HEP experiments and space missions. Attention should be
paid to improve the existing solutions for interconnections while reducing their number, creating
either independent cooling circuits or closed loop devices which exchange heat with secondary
cooling lines. The research would not be necessarily restricted to ScSi, and flexible materials (e.g.
pyrolytic graphite) could be also investigated. Both traditional micro-fabrication methods and
novel additive manufacturing techniques would be combined to tackle the problem.
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