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The ITk pixel detector
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— HL-LHC will have 5 to 7 times the
luminosity of the current LHC

— Increased radiation and data
collection rates

- Replacement of multiple detectors
needed

https://cds.cern.ch/record/1708847 (09. 08. 23)
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unversiTiTEonmm 1 HE ATLAS DETECTOR

— La rgest m u Iti p u rpos e d etecto r i n Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
the LHC

— ATLAS will be upgraded for use in
the HL-LHC

— Replacement of current Inner
Detector with new Inner Tracker
detector

Inner Detector

Beam Axis

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

https://cds.cern.ch/record/1095924 (25.07.23), modified
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— All-silicon particle detector

E 1400 ATLAS Simulation Preliminary E

. . — [ ITk Layout — ATLAS-P2-ITK-23-00-00 _

— Improved radiation tolerance, 12001 n=10 3
data collection rates, resolution and 1000} -
pseudorapidity coverage 800 "

— Assembly and quality control of *0m E
Local Supports for the Outer Barrel 400:— RN T | T1=3-OE
at the University of Bonn zoowﬁwi: ,'I,'= B e | n=40
0 500 1000 1500 2000 | 2500 3000 3500

Outer Barrel Endcap Z [mm]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/ITK-2020-002/ (24.07.23), modified
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A

Image credlt Alexa ndra Wald
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Image credit: Alexandra Wald
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Cooling systems

24.10.2023 Bachelorcolloquium Dominik Hauner



v

UNIVERSITAT

— Fluid or gaseous coolant

— Energy from heat source increases the

== cold coolant
= \Warm coolant

Heat sink
coolant temperature ~_
— Coolant is cooled down in heat sink "\
— Problem for detectors: ENC & T?2 KN

Heat source

Energy as

temperature

Pump

24.10.2023
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— Fluid or gaseous coolant warm coatont
- Enelrgytf:om heattsource increases the Heat sink Heat source

coolant temperature ~_
— Coolant is cooled down in heat sink Energy as

&/\ temperature

— Problem for detectors: ENC o T?2 | N

Pump

Very simple and cheap Coolanttemperaturerises along heat source
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— Energy from heat source causes coolant

phase transition

— Coolant needs to be at saturation point

— Risk of dry-out

— Liquid coolant
------ Bi-phase coolant

Heat sink

Heat source

AT
=~
o Eo—

ya

~
Energy as

phase transition

Induced

P um p saturation point

24.10.2023
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— Liquid coolant
------ Bi-phase coolant

— Energy from heat source causes coolant

phase transition
Heat sink Heat source

— Coolant needs to be at saturation point ~_ SRELELELEE"
- RiSk Of dry'out &/\ ¢ Energy as
|~ N~

phase transition

l—@—

Induced

P um p saturation point

Constantcoolant temperature along heat source Difficult control of coolant temperature
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— Accumulator holds bi-phase coolant

— In bi-phase: const. temperature = const. pressure

— Regulate temperature of accumulator thus pressure

— Negligible pressure drop along cooling pipe between accumulator and heat source

->Control of coolant temperature at heat source

24.10.2023 Bachelorcolloquium Dominik Hauner 14
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— Accumulator holds bi-phase coolant

— In bi-phase: const. temperature = const. pressure

— Regulate temperature of accumulator thus pressure

— Negligible pressure drop along cooling pipe between accumulator and heat source

->Control of coolant temperature at heat source

'Remote control' of temperaturein detector Complexand difficult to maintain
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2PACLIN DETAIL

Cooling plant

Accumulator
with external
heating and

cooling

6

co,
Condenser

Chiller C0o2

e Liquid flow
s 2-phase flow

Transfer line vapor
return (annulus) -

Transfer line
liquid feed (center)

Detector

pressure

Restriction

Transfer line, Ca 100m

A

\
A
TES (SRR

A

W e

B R

Isothermal line

B.Verlaatu.a., The ATLASIBL CO2 cooling system, modified

enthalpy

https://cerncourier.com/a/co2-cooling-is-getting-hot-in-high-energy-physics/ (19.10.23), modified
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Cooling plant e Liquid flow Detector
Accumulator s 2-phase flow A=
with external 5
heating and Hest load

cooling

6

Transfer line vapor

return (annulus) ~ +— 3 | 4 T

Transfer line — Restriction
liquid feed (center)

Co,
Condenser

Pump

Chiller C02 Transfer line, Ca 100m

T

W e s

B.Verlaatu.a., The ATLASIBL CO2 cooling system, modified
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FROM 2PACL TO INTEGRATED-2PACL

Cooling plant

Accumulator
with integrated
cooling loop

6

Co,
Condenser

Pump

Chiller

CO2

e Liquid flow
s 2-phase flow

Transfer line vapor
return (annulus) =

Transfer line —
liquid feed (center)

Transfer line, Ca 100m

Detector

5

Heat load

3# 4_T

Restriction

T

W e s

B.Verlaatu.a., The ATLASIBL CO2 cooling system, modified

24.10.2023
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— Accumulator is cooled by the coolant itself Cooling plant

Accumulator

with integrated
cooling loop

— Coolant temperature in detector only

controlled by a heater in the accumulator
6

— Reduced efficiency and cooling power —
limited by chiller e A

- When max. cooling capacity is exceeded e
SyStem heats up to neW Sta ble tem peratu re B.Verlaatu.a.,TheA;LASIBLCOZcoo/ingsystem,modified
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— Accumulator is cooled by the coolant itself Cooling plant

— Coolant temperature in detector only
controlled by a heater in the accumulator

. . . External chiller
— Reduced efficiency and cooling power

limited by chiller

- When max. cooling capacity is exceeded

Accumulator
with integrated
cooling loop

6

co,
Conde

nser

Pump

system heats up to new stable temperature

B.Verlaatu.a., The ATLASIBL CO2 cooling system, modified

Simpler and cheaper, decreased risk of dry-out Limited cooling power and efficiency

24.10.2023 Bachelorcolloquium Dominik Hauner
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Characterization of MARTA
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Important parameters:

— Temperature set-point Teet

— Temperature feedback Ttok

- CO,-flow rate dco2

- CO,-pump speed foump
— Pump delta pressure dPpump

— Only CO,-flow rate or -pump speed can be controlled at the same time

= dP,ymp Must be between 1 -6 bar

24.10.2023 Bachelorcolloquium Dominik Hauner 22
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MARTA CO; Cooling System,, ..

24.10.2023
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MARTA CO; Cooling Syster
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PSU &
Data collection

MARTA

Transfer Line

Local Box
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MARTA First prototype operating area (blue)

— For every heat load there is a m=2.6g/%; n=5000
minimal stable T, 800 T
700 E
— This creates a 600 Y
stable operating area E 500
I 400 -
— Below this temperature the system 300 | / T
simply heats up to the operating area 200
100 /fj
0 Eu.-_ """"""""""""""
-40 -30 -20 -10 0 10 20 30
Teet point [°C]

https://indico.cern.ch/event/590227/contributions/2614149/attachments/1487980/2311754
/MARTA_- Monoblock Approach_for_a_Refrigeration_Technical_Application.pdf (22.07.23)
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MARTA First prototype operating area (blue)

— For every heat load there is a m=2.6g/%; n=5000

minimal stable T, 500 7
— This creates a e Y

stable operating area E 500

S 400 -

— Below this temperature the system 200 - A

simply heats up to the operating area 200 .//

100 - b4
SR o VO AV AV O I

E.g. at 600 W heat load and T,=-30 °C 40 30 20 10 0 10 20 30
Tey, Will simply rise to -12 °C Tor ]

https://indico.cern.ch/event/590227/contributions/2614149/attachments/1487980/2311754
/MARTA_- Monoblock Approach_for_a_Refrigeration_Technical_Application.pdf (22.07.23)
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MARTA First prototype operating area (blue)
— For every heat load there is a m=2.6g/%; n=5000
minimal stable T, 800 T |

700 -

— This creates a. zzz / N\P\?\“P\

QCOZ [W]

stable operating area 7 /

— Below this temperature the system 00 &0(
simply heats up to the operating area \\63‘6

..........................

E.g.at 600 W heat load and 7= -30 °C 40 0 20 0 o 10 20 30
Tep Will simply rise to -12 °C Teeepome €]

https://indico.cern.ch/event/590227/contributions/2614149/attachments/1487980/2311754
/MARTA_- Monoblock Approach_for_a_Refrigeration_Technical_Application.pdf (22.07.23)
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— System cools down with no

2 Measurement on the 11.08.2023 with Tset = — 30 °C and gco, =4 9/s

heat load

20

o

i --r- 0.0W
LN
T e

— Heat load is applied until heat-up

10 1

- Record T, when thermal
equilibrium is achieved

Temperature / °C

-10 +

— Increase heat load, repeat

Time /h
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RESULTS FOR THE ITK-QC

Stable cooling power of MARTA

600

500

Gco, = 2,6 g/s (Reference)
=== Qco,=449/s
—— Qco,=34/s
gco, = 1,5 a/s

-30 -20 ~10
Teet / °C

24.10.2023
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— Cooling power lower than
anticipated

- At 400 W CO, temperature of
below -15 °C possible

- Expected max. pixel module
temperature below 10 °C

Stable cooling power of MARTA

—— (co, = 2,6 g/s (Reference)

600 - ---- Gco,=4g/s
~'~ gco,=349/s
500 Gco,=1,59/s
400 -
=
300
[«
200 -
1001
0 4
-30 -20 ~10 0 10 20
Teet / °C

24.10.2023
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— Understanding the concept and operation of the cooling system in MARTA
— Characterization of MARTA
— Evaluation of cooling capabilities for ITk-QC
— Outlook:
- Implementation of MARTA for the ITk-QC

— Further investigation of MARTA edge case characteristics

24.10.2023 Bachelorcolloquium Dominik Hauner
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Technical Design Report for the ATLAS Inner Tracker Strip Detector, Techn. Ber., CERN,
2017, url:

P. Barroca, Modelling CO2 cooling of the ATLAS ITk Pixel Detector, Diss.,
2019, url:

B. Verlaat, M. Van Beuzekom und A. Van Lysebetten, CO2 cooling for HEP experiments,
2008, url:

Conversations with M. Hamer, F. Hinterkeuser, K. Padeken
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https://cds.cern.ch/record/2703341
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THANKYOU!

Any guestions?

24.10.2023
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- ITk is jUSt better! ATLAS Pixel + IBL ITk Pixel
Modules 2000 8500
— Also pseudorapidity increase from Pixel Size 50 x 400 um” or 50 x 250 pm’ | 50 x 50 um’
2.5t04 Readout channels 80 million 5 billion
— ITk needs a lot more cooling et ares 7 i
TID 2.5MGy 10 MGy
Fluence 10" Ngq/cm 1.4 N /cm
Trigger rate 100kHz 1 MHz
FE data rate 160Mb s 5.12Gbs
Powering parallel serial
Cooling budget ISkW 100 kW

F. Hinterkeuser, Evaluation of a Serial Powering Scheme and its Building Blocks for the ATLAS ITk Pixel Detector

24.10.2023 Bachelorcolloquium Dominik Hauner Al
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Method

Description

Evaluation

Resistor Temperature for
the start of heat-up

Find sudden increase in
resistor temperature

Temperature
measurement too
inaccurate

T:i for the start of heat-
up

Increase heat load untill
heat-up is observed

Takes a long time to
stepwise increse heat
load and wait for heat-up

Constant heat-up

Start system in heat-
up, measure Ty, for
selected heatloads

Quickly measure
alongthe line of
max. cooling power
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Methods for finding the max. cooling capacity

Theorised resistor temperature (Heat load increses with time)

MARTA First prototype operating area (blue)

1.0 1 —— Resistor temperature m=2,6 g/s; n=5000
— T 800
0.8 700 -
600 -
£ 061 E,; 500 -
© S F
g S 400 -
§ 04 -
= 300 -
200 +
0.2 1 C
100 -+
0 -
0.0 . . | . . . -40 -30 -20 -10 0 10 20 30
0.0 0.2 0.4 0.6 0.8 1.0
Tt poine [°C
Time setpulnt[ ]
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Maximum cooling power for qco, = 3 a/s
6004 = Room temp. = 22(1) °C —— ——
#  Room temp. = 18(1) °C
500
400
Lowering of room temperature by 4(1) °C | =
% 300 —
. . : o 200 -
only improved cooling capacity by 1.8(4) °C
100
0 e T
26 -24 -2 -20 -18 -16 -14  -12
TSE'EIDC
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— Insufficient thermal connection ” Measurement on the 10.07.2023 with Teer = 20 °C and geo, =3 9/s
—— NTC-0
between the resistors and the cooling | =
. . —— SHT-0
pipe at higher temperature = om
— The heat transfer suddenly collapses | < «;
— Resistor quickly heats up out of safe | § “]
operating temperature (REFREEERE SN WEE
— No safe measurement possible i R EEERE
°00 o5 1o Ts 2.0 I 30

Time / h
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