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In mediaeval times the effect of 

fluids flowing uphill against 

gravity was considered a miracle, 

for example as one of the Seven 

Wonders of Fore Abbey in 7th 

century, Ireland. 



In the quantum world 
superfluid helium can defy 
gravity and is able to climb 
out of any container in a thin 
film that moves with such a 
pace that the container is 
drained in minutes. 

Rollin, B. V. & Simon, F.
On the “film” phenomenon of 
liquid helium II.
Physica 6, 219–230 (1939)
Clarendon Laboratory, 
Oxford University

From paper’s abstract:
“It is concluded from the 
experiment that liquid He II 
“creeps out” of the container 
in the form of a film…”



He II

He II

Superfluid helium

• Superfluid liquid 4He consists of superfluid and 

normal components.

• The superfluid component has zero viscosity and zero 

entropy, therefore flows without dissipation.

• The normal component carries the heat and can 

produce a high velocity flow which leads to very high 

thermal conductivity.

The superfluid transition in 4He occurs when 

liquid helium is cooled below 2.17 K.



Superfluid helium film is extremely elusive!

The distance between the bulk helium surface at the bottom of the 

cell and the surface of silicon block is maintained at 2.42 cm. 

The He film thickness is 160 Å

Geometry of the cell in 

respect to neutron beam

Incident beam reflected beam

Experimental cell 



E-18 Cryogen-free 

Dilution Refrigerator 

Experimental set-up 

cPOLREF block house 



Neutron reflectivity curves. Neutron scattering density 

profiles.

The grey region 

represents the Bayesian 

confidence interval.
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Neutron scattering density profile Neutron adsorption profile

In the 3He/ 4He mixture film almost all adsorption comes from 

neutron scattering from 3He atoms, therefore right figure 

represent the distribution of 3He atoms inside the film.

3He/ 4He mixture film 



-50 0 50 100 150 200 250

0

1

2

3

4

5

R
h
o
 S

L
D

 (
x
1
0

-6
 Å

-2
)

Depth (Å)

SiO2

V
a

c
u

u
m

S
i 
S

u
b
s
tr

a
te

(b) T = 200 mK

-50 0 50 100 150 200 250

-0.1

0.0

0.1

0.2

0.3

iR
h
o
 S

L
D

 (
x
1
0

-6
 Å

-2
)

Depth (Å)

S
i 
S

u
b
s
tr

a
te

V
a

c
u

u
m

3He/4He Mixture

(i) T = 200 mK

Neutron scattering density profile Neutron adsorption profile

3He/ 4He mixture film 
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(c) T = 250 mK
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Neutron scattering density profile Neutron adsorption profile

3He/ 4He mixture film 
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   3He rich region 

removed from model
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(k) T = 300 mK

Neutron scattering density profile Neutron adsorption profile

3He/ 4He mixture film 

Up-hill flowing liquid is stopped!
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(e) T = 450 mK
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(f) T = 700 mK
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(g) T = 1500 mK
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What is Reflectivity?

𝛼𝑖=𝛼𝑟 𝛼𝑖≠𝛼𝑟

Specular reflection (when the angle of 

incidence equals the angle of reflection):

Off-Specular or diffuse reflection:



c

Specular and off-specular neutron scattering from the 3He/4He mixture. 

pseudo rocking 

curves



Recent realisation of qubits based on 

electron-on-helium demonstrated a record 

high decoherence time. Understanding of 

helium film properties is a key factor for 

development of  these qubits. 

Superfluid helium film is a limiting factor 

for performance of powerful dilution 

refrigerators which are used for cooling 

quantum computers.

Possible applications



In summary 

• We presented the first study of pure 4He and 3He/ 4He mixture films using neutron 

reflection, in the temperature range of 150 mK to 1.5K. 

• Thanks to the exceptional sensitivity and precision of this technique, we have observed 

a phase-separated 3He/ 4He mixture film at 170 mK.

• We have been able to watch the gradual dissolution of 3He top layer into 4He with 

increasing temperature. 

• We have observed anomaly in the film behaviour around 300 mK that could be caused 

by a phase transition.

 

• We also discover an unexpected restoration of the layered structure at 1.5 K. 
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All 3 Sections of ISIS Sample Environment group!
Special thanks to Ritchie Haynes, Chris Goodway, Andy Church and 
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