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What is your favorite cryogenic temperature 

sensor for high energy physics? 

And why is it Cernox?

Dr. Scott Courts
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Advancing Science

Established and dependable

▪ Over 50 years in operation

▪ Located in Ohio, USA

▪ ISO 9001 quality system

▪ Approx. 150 employees, 
over half with degrees in 
physics, engineering or 
material science
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CERN LHC 
Particle Accelerator

National Ignition Facility

Alex Mueller & Georg Bednorz 
Nobel Prize in Physics in 1987 for work
in high temperature superconductivity

Supporting Significant 
Scientific Accomplishments

NASA James Webb 
Space Telescope

Dr. Sumio Iijima
Inventor of the carbon 
nanotube
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Temperature Sensing 
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High Energy Physics Applications

▪ Cryogen liquefaction and distribution

▪ Thermal radiation shielding

▪ Superconducting radiofrequency cavities

▪ Superconducting magnets

Purpose

▪ Control of cool down and warm up processes 

▪ Temperature limit setting

▪ Diagnostics

▪ Monitor safety margins
Photo credit: Karie Badgley, mu2e project
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Remote Sensing 
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Photo credit: Karie Badgley, mu2e project

Photo credit: SLAC
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Remote Temperature Sensing 
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▪ Temperature sensors are often buried and difficult to replace

▪ In large scale applications, a failed temperature sensor can result in

– High replacement cost

– Extended, expensive 
downtime

– Equipment damage

https://www.npr.org/templates/story/story.php?storyId=121352948

Temperature sensor 
selection and reliability 
is essential!

https://www.npr.org/templates/story/story.php?storyId=121352948
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Operating Under Construction Under Study

KEK (Japan) UNK I (USSR) UNK II

AGS (BNL) SSC (USA) LHC (CERN)

PS (CERN) LEP II (CERN) CLIC (CERN)

CESR (Cornell) RHIC (BNL) SC (Stanford)

Tevetron I & II (FNAL) VLEPP (USSR)

SPS and LEP I (CERN) JLC (Japan)

SLC SLAC (Stanford)

TRISTAN (Japan)

HERA DESY

A Brief Accelerator Facility History
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Increasing energies resulting in:

▪ Higher radiation levels

▪ Adoption of superconducting magnets, requiring cryogen

Mid- to late-1980s



| Lake Shore Cryotronics, Inc.

Cryogenic Temperature Sensors — Circa 1990
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Radiation 
hard

Low magnetic 
offset

Stable/
repeatable

2 K to 300 K 
range
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Sensor Development — 1990
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▪ Research in Japan uncovered a 
material that looked promising

▪ Conducting ZrN phase 
embedded in an insulating 
ZrO phase

▪ Could tailor the ratio of 
conducting to nonconducting 
phase to adjust the resistance 
range and sensitivity 

▪ Demonstrated low magneto-
resistance

▪ Expected radiation resistant

But needed to confirm
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Cernox® Development — 1990
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▪ Developed for 
Superconducting 
Super Collider under 
a Department of 
Energy SBIR grant
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Cernox® Development — 1990 to 1992
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▪ In-situ cryogenic irradiation capability designed and implemented at 
The Ohio State University Nuclear Reactor Lab for both gamma and 
neutron studies
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Cernox® Release! – 1993
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The world missed out on this accelerator, but gained a sensor for future ones

▪ Excellent resistance to ionizing radiation
(Tested to 5 MGy/500 Mrad)

▪ Low magnetic field induced errors

▪ Excellent long-term stability (over decades!)

▪ High sensitivity at low temperatures

▪ Small size

▪ Fast thermal response

▪ Variety of packaging options

Cernox®
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https://www.lakeshore.com/docs/default-source/product-downloads/application-notes/cernoxforhighenergy.pdf?sfvrsn=756b8bbf_4
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ProjectsCernox in big physics
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▪ Accelerators

– Mu2e and others at Fermilab

– SLAC LCLS II at Stanford University

– FRIB at Michigan State University

– CEBAF Linac at Thomas Jefferson National Lab

– Advanced Photon Source at Argonne National Lab

– SNS at Oakridge National Lab     

– LHC at CERN — Switzerland

▪ Fusion Reactors

– NIF at Lawrence Livermore National Lab — U.S.

▪ Other

– Dozens of unmanned research satellites (NASA, ESA, 
JAXA, etc.)

– Many other international high energy facilities
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Cryomodules (~×37) Cryogen distribution system

400+ Cernox sensors total
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Calibration Services

Lake Shore operates one of the most 
advanced temperature sensor 
calibration facilities in the world

▪ Traceable

– Over 50 standards referenced to 
NIST, NPL, & PTB

– Nuclear orientation 
thermometers also used for 
temperatures less than 50 mK

– Adherence ITS-90 and PLTS-2000 
temperature scales 

▪ Scalable

– Capable of calibrating tens of 
thousands of sensors per year

– Different levels of calibration to 
suit a given project

17

Sensor Calibration Facility
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Continued Investment in Sensor Characterization

18

Project requirements drive our 
sensor research

Ionizing Radiation

Magnetic Fields

Mechanical Shock and Vibration

Long Term Stability

Thermal Cycling
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Cryogenic Sensor Input Modules
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Distributed temperature measurement for large applications
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Cryogenic Sensor Input Modules

▪ First placed into service to support Muon g-2 experiment 
at Fermilab, USA
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ContactsContact Us

▪ www.lakeshore.com

– Detailed product and application information

– Local contacts

▪ sales@lakeshore.com

– Tell us what you need

▪ Lake Shore blog

– Recent happenings, new products, customer papers

▪ 2019 conferences

– All of the major cryogenics, magnetics, and physics conferences—
check our website for upcoming events
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http://www.lakeshore.com/
mailto:sales@lakeshore.com

