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Cryogenics
• Cryogenics : Cryogenics is a branch of physics that studies what 

happens to things at low temperatures. 
(Collins COBUILD Advanced Learnerʼs English Dictionary)

• The cryogenic temperature range is below 123K. 
(Cryogenic Systems : Randall F.Barron)

123K ≒ -150℃



Superconducting instrument in KEK 
accelerator at Tsukuba campas

Facility temperatur
e

Device Frequency

SuperKEKB(Nikko) ~4.4K Cavity 509MHz 1-cell × 8

SuperKEKB(Tsukuba) ~4.4K Magnet DC
4pole × 8

Solenoid× 4+1
And Corrector coil etc

STF 2K Cavity 1300MHz 9-cell × 14

cERL 2K Cavity 1300MHz 2-cell × 3
9-cell × 2



Cryogenic systems at 
KEK Tsukuba campus

STF

cERL

CSC

Belle
He Lequefire for KEKB

2K cryogenic systems are worked 
at STF and cERL



Hands-on training items
• Liquid Oxygen

Liquefy oxygen in the atmosphere.
Watch paramagnetism.
Check the color.

• Eddy current
Feel eddy current.
Feel electrical resistivity.
Feel the temperature dependence of electrical resistivity.

• Superconducting coaster
Watch a miessner effect.
Watch a pinning effect.

• Superfluid helium
Wire level monitor and thermometers.
Check the temperature dependence of electric resistivity.
Watch a Meissner effect again.
Watch 2K superfluid helium.



Liquid oxygen (1)
• Composition of dry air

element Ratio in vol% Boiling point in K
Nitrogen N2 78.084 77.4
Oxygen O2 20.946 90.2
Argon Ar 0.9340 87.3

Carbon dioxide CO2 0.04 194.7 (sublimation)



Liquid oxygen (2)
Hollow copper cone

(Boiling) liquid nitrogenLiquid oxygen

Liquid nitrogen

Liquid oxygen
copper

Heat flow
Below 90.2K77.4K

Ordinary 
environment



Liquid oxygen (3)
Ferromagnetic : Iron(Fe), Nickel(Ni),Cobalt(Co) as a simple substance
Paramagnetic : * O2 …
Diamagnetic : * H2O …
(Perfect diamagnetic : Superconducting materials)

The 2000 Ig Nobel Prize in Physics
Andre Geim
Diamagnetic Levitation

*: An electron behaves like a magnet.
(Paramagnetism)

The magnetic properties of the electrons pair 
are almost canceled, but rather show slight 
diamagnetism.

O2O O

Atkins : Physical Chemistry



Eddy current (1)
Maxwell equation (in vacuum)

𝛻 " 𝑬 =
𝝆
𝜺𝟎

𝛻 " 𝑩 = 𝟎

𝑐*𝛻×𝑩 =
𝒋
𝜺𝟎
+
𝜕𝑬
𝜕𝑡

𝛻×𝑬 = −
𝜕𝑩
𝜕𝑡

𝑩(increasing)

Electric field 

𝒋 = 𝜎𝑬
Ohmʼs law

𝑩(increasing)

Eddy current

If the magnet is surrounded by conductors.

Current



Eddy current (2)

N

S
Magnet

Metal

How do you feel if you shake a magnet in a conductor?

・Law of the conservation of energy
Ohmic loss due to eddy current consumes energy.
Who pay it?

・Lenzʼs law
The direction of current induced in a conductor by a 
changing magnetic field will be such that it will create a 
magnetic field that opposes the change that produced it.



Eddy current (3)
material Electrical 

resistivity 
(Ωm)

Stainless steel (SUS304) 7.2×10-7

Aluminum 2.7×10-8

Copper 1.7×10-8

Perfect conductor 0
1

42
1.6

El
ec

tri
ca

l r
es

is
tiv

ity
 (×

10
-8

Ω
m

)

Temperature [K]

brass

copper

aluminum

duralumin

Cold copper is a good conductor.Is there a perfect conductor?

低温⼯学協会関⻄⽀部 訳
「低温⼯学ハンドブック」
内⽥⽼鶴圃新社(1982)より引⽤



Superconducting coaster (1)
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Kamerlingh Onnes discovered superconductivity.
The electric resistance suddenly becomes zero at low temperature.

Is the superconductor a perfect conductor?

Meissner effect  (=Perfect diamagnetism)
The internal magnetic field is expulsed during its 
transition to the superconducting state.

A perfect conductor is not a superconductor.

Introduction to Solid State Physics : Charles Kittel



Superconducting coaster (2)
Meissner effect  (=Perfect diamagnetism)
A superconductor can be floated on magnets.

magnets

S N
N S

Superconductor



Superconducting coaster (3)
Magnetic field is applied to the superconductor.

Type-I superconductor
It suddenly becomes normal state.

Type-II superconductor
It becomes partly normal state.

N

Type-II
Superconductor

Normal conductor

After removing the magnet

Magnet field is trapped.

Superconductor cling to the magnet.



Superconducting coaster (4)

The superconductor clings to the magnet.
And also it is floating on the magnet.

N S

The superconductor can slide.
Please remember this configuration of magnets.



Superfluid helium (1)
Superfluidity and superconductivity are the same phenomena.
2K superfluid helium is used to cool the superconducting cavities.

Why is 2K superfluid helium preferred for cooling the cavity.

(1)Lower temperature (2K vs. 4.5K)
(2)Higher thermal conductivity
(3)Higher heat transfer coefficient (Kapitza conductance vs. film boiling)
(4)Higher quietness

Experimental Superfluidity : R. J. DONNELLY
Exaggerated for clarity



Superfluid helium (2)
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In ITS-90 (The international temperature scale of 1990), 
temperature (1.25~5K) is defined by the saturated vapor 
pressure of helium.

Temperature dependence of 
saturated vapor pressure

pump

vacuum for insulation
He

N2



Superfluid helium (3)
How to measure the temperature?

(1)Thermal expansion
(2)Thermocouples
(3)Resistance temperature detectors (RTD)
(4)Gas pressure … etc
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Cryogenic Systems : Randall F.Barron



Superfluid helium (4)

The electrical resistivity of 
metals strongly depends on 
purity at low temperature.El
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The electrical resistivity of 
metals saturates at low 
temperature.

Metal is not suitable for RTD for low temperature.

低温⼯学協会関⻄⽀部 訳
「低温⼯学ハンドブック」
内⽥⽼鶴圃新社(1982)より引⽤



Superfluid helium (5)

Please take a carbon resister and diode in the laboratory.
And measure the temperature dependence of them.

How about semiconductor?

Hands-on training.

Current source (100μA)

V V

Carbon resister
Diode

Cryostat

Conceptual actual

He

N2

A Logger

Four-terminal resistance 
measuring method



Superfluid helium (6)
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Principle
(1) Current is passed through the superconducting wire.

(2) The normal conducting part propagates from heater.

(3) In liquid helium, it doesnʼt propagate due to sufficient heat transfer.

(4) From the resistance of the wire, the length of the normal conducting 
part can be estimated.

Cryostat

Level meter
(commercially available)



Superfluid helium (7)

To take data

Today
(1)Fix the sensors to the board by soldering.
(2)Attach the wires.
(3)Connect the wires to feedthrough.

Tomorrow
(4)Connect instrument(current source, data logger, etc)
(5)Check the connection.

※ Do not confuse.  The wiring is a little complicated.
You must record the details in a notebook.

example



STF

cERL

CSC

Belle
He Lequefire for KEKB

Letʼs go to the laboratory.

here

laboratory


