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CMS Tracker System
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Front End Hybrid Electronics

● Used to gather and deliver
binary data from silicon sensor

● Phase-2 upgrade desires less 
bulk electronics



Testing of the Hybrids
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● Tests of the Hybrid Electronics 
must be done in Climatic Chamber

● Testing done at 25 °C and -40 °C

● Temperature, dew point, and 
relative humidity monitor needed 
to conduct testing. 



Why is the monitoring needed?
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● Condensation ruins electronics → can 
cause a short circuit 

● Climatic Chamber relative humidity 
sensor broken → We supply another

● Two Monitoring Systems used:

○ Built in chamber sensors

○ Strip sensors placed inside 
chamber



Set up in chamber
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Temperature / Humidity Sensor



Getting Buckets
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Temperature / Humidity Sensor



Creating Temperature Monitor pt. 1
Climatic Chamber Conditions
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Creating Temperature Monitor pt. 2
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Accomplished
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What’s Next
● Run through cold cycle with 

monitoring system

● Debug minor issues with sensors

● Create some sort of warning system 
upon threshold crossing

● Add barometric sensors

● Actual Hybrid test starts beginning 
of 2024!



Sources
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Temperature / Humidity Sensor

Arduino Board

A High Throughput Production Scale Front-End Hybrid Test System for the CMS Phase-2 Tracker Upgrade.
Mark Istvan Kovacs, Georges Blanchot, et. al. 
https://www.researchgate.net/publication/340832281_A_High_Throughput_Production_Scale_Front-End_Hybrid_Test_System_for_the_
CMS_Phase-2_Tracker_Upgrade 

Application Note: Dewpoint Calculation
Sensirion: The Sensor Company.
http://irtfweb.ifa.hawaii.edu/~tcs3/tcs3/Misc/Dewpoint_Calculation_Humidity_Sensor_E.pdf 

Flexible front-end hybrids for the CMS outer tracker upgrade.
M. Kovacs1, G. Blanchot1, A. Honma1, A. Kokabi2 and M. Raymond3 
https://iopscience.iop.org/article/10.1088/1748-0221/10/01/C01046 

InfluxDB Documentation.
https://docs.influxdata.com 

Power, Readout and Service Hybrids for the CMS Phase-2 Upgrade
Angelos Zografos, Georges Blanchot, Irene M. Dominguez, Adam E. Hollos, Mark I. Kovacs and Nikola Rasevic. October 2021. 
https://cds.cern.ch/record/2797682/files/CR2021_218.pdf 

The Phase-2 Upgrade of the CMS Tracker Technical Design Report. CMS Collaboration. 
D. Abbaneo, J. Alexander, P. Azzi, E. Brondolin, A. Canepa, J. Christiansen, S. Costa, A. Dabrowski, C. Delaere, A. Dierlamm, M. 
Dragicevic, R. Fruhwirth, K. Hahn, A. Honma, K. Klein, S. Mersi, A. Mussgiller, M. Narain, A. Onnela, G. Sguazzoni, G. Steinbrueck, J. 
Thom, A. Tricomi, F. Vasey, P. Wittich. 1 July 2017. CERN-LHCC-2017-009

https://www.researchgate.net/publication/340832281_A_High_Throughput_Production_Scale_Front-End_Hybrid_Test_System_for_the_CMS_Phase-2_Tracker_Upgrade
https://www.researchgate.net/publication/340832281_A_High_Throughput_Production_Scale_Front-End_Hybrid_Test_System_for_the_CMS_Phase-2_Tracker_Upgrade
http://irtfweb.ifa.hawaii.edu/~tcs3/tcs3/Misc/Dewpoint_Calculation_Humidity_Sensor_E.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/10/01/C01046
https://docs.influxdata.com
https://cds.cern.ch/record/2797682/files/CR2021_218.pdf


Thank you / Merci 
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