
Heat Study

Charles Kinsman

February 1, 2023

1 Introduction

Just some general notes on the thermodynamics of the system and using this document as a point of
reference for moving forwards.

2 Technical Design - Cooling System

2.1 General

2.1.1 Water Cooling

This should not be too important to look at. The water cooling focuses on the periphery electronics
(outside the active volume of the detector). This includes the front-end ASICs of the timing systems,
the front-end FPGA boards, DC-DC converters, voltage converters etc. The estimated load that the
water cooling system accounts for is ≈ 5kW . To assure there is no ice buildup the water inlet is
required to be > 2◦C. This is not a concern anyway as the dew point is < −40◦C. This water is
pumped through the experiment using pipes to the heat sinks. Any further details of the water cooling
can be found at the technical design report [AAB+]. Figure 1 shows a schematic of the water cooling
system.

Figure 1: Schematic of one quadrant of the water cooling system.

2.1.2 Helium Cooling

The MuPix chips are cooled by gaseous helium at an inlet temperature≳ 0◦C at approximately ambient
pressure. The report assumes a maximum power consumption of the pixel sensors at 400mW/cm2,
the helium gas system us designed for a total heat transfer of 5.2kW which increases the average gas
temperature by ≈ 18◦C. For this requirement, the helium cooling system has to provide a flow of
≈ 20m3/min = 56g/s. This is under controlled conditions split between several cooling systems. The
specific heat capacity of gaseous helium is = 5.2kJ/kgK.
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Figure 2: Simulation and measurement of the heat distribution on the pixel tracker.

2.2 Pixel Tracker
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