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Topics

1. EP-DT Composite Lab

2. EP-DT Cooling Lab

3. SR1 at Point 1
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Experimental Physics - Detector Technologies (EP-DT)
Composite Lab

e Design and develop advanced composites for detector components;
e Manufacture and characterise carbon fiber for HEP detectors;

e Carbon fiber: lightweight, strong, stiff, thermally stable, and supports
detectors with minimal impact;

e Other kinds of fibers manufactured according to mechanical, thermal and
environmental requirements (e.g. aramid, glass fiber, honeycomb cores).
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Properties of carbon fiber (CF)

e Anisotropic: strength only along 1 direction,
o Can be interwoven at multiple angles (-45°, 0°, 45°, 90°)
to create quasi-isotropic strength.

e Resin: holds fibers in place, forces become shared across
fibers, allows (dry) CF to be molded to certain shapes,
o Needs to be stored at low temperatures to avoid
premature curing;
o Once you heat up, becomes stiff, stays stiff;

— Prepreg (prepared) carbon fiber.
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Composite Manufacturing and Processing

The lab manufactures high precision composite parts:
e Plies are first cut and prepared (prepregs or dry fabric);
e Multiple plies are combined to make larger structures;
e A mold is used to create the desired shape;
e Autoclaves heats under vacuum with ~4bar pressure to form the

composite; /
e Hot press machine used for more precise parts (using very small fibers);
o Fast polymerisation (~10 min).
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EP-DT Cooling Lab

Electronics are noisy — This is bad!!
Cooling reduces noise and radiation damage.
Requirements for cooling:

e Liquid at high pressure = smaller pipes;
e High latent and specific heat capacities is good.

Also helpful if:

e Natural refrigerant;
o non-toxic, non-flammable, non-ozone-depleting.
e Cheap and abundant.
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Liquid CO,, for Cooling

Requirements for cooling:
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Even Colder: Krypton Cooling

e New krypton prototype: first of its kind, currently reaches -85 °C; potentlal
down to -140 °C! :

e Use CO, to cool Kr initially;

e Environmentally friendly technology for HEP detectors and commercial
freezers:
o Current refrigerants are really harmful!
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Applications Outside of HEP

e Refrigeration,

e GPU Cooling,

e Magnet Cooling,

e ..& more.
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SR1 @ Point 1: ATLAS Inner Tracker Integration

o

ATLAS inner tracker (ITK) system —=
e New tracker for High-luminosity LHC upgrade; s
e Pixels (inner) and strips (outer) detectors for tracking;

o ~5x10° channels larger pseudorapidity coverage.

ITK integration and testing @ SR1 19
e Integration of various ITK sub-detectors & DAQ development; «*
e Infrastructure development for integration and tests, e.g. cooling plants.
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SR1 @ Point 1: ATLAS Inner Tracker Integration

Cooling facilities
e CO, plant for evaporative cooling needs for the integrated detectors (-35°C);
e Monophase CF., plant for electronics and reception testing of detector parts (17°C).

Integration areas
e Pixel and strip detectors are integrated;
o Each detector mounted onto local support;
o Then ultimately affixed into Outer Cylinder.

Testing of the final detector
e Test powering, readout, and safety systems;

e (O, cooling maintained for the electrical testing. =
6m x 2

=
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Summary

Lots of elements come into play w

e Composite lab team help with fabrication of new materials using carbon fiber
o Supports detectors while minimally affecting measurements :
e Cooling lab team help with testing and creating cooling technologies
o (O, cooling widely used in HEP detectors
o Krypton-based cooling as potential next-generation solution 3
e SR1Team @ Point1 help integrate the new tracking detector for ATLAS ' Ay
o Different sub-systems (e.g., pixel & strip detectors) integrated and tested
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