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HISTORY OF COLD

1908 Kamerlingh Onnes liquifies Helium ~4K (-269°C)

1937 Kapitsa, Allen, Misener discover superfluidity in 4He < 2.17 K (-271°C)

photos.aip.org

1665 Boyle introduces the concept of an absolute zero*

* 0K = -273.15°Cen.wikipedia.org

T > 2.17 K T = 2.17 K T < 2.17 K

Superfluid!
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WHAT IS A SUPERFLUID?

Fluid without viscosity  particles move without friction!!!

coffee
superfluid

coffee
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NEXT LEVEL OF “SUPER-”

1908 Kamerlingh Onnes liquifies Helium ~4K (-269°C)

1970 If superfluid exists, is there a supersolid too?

1937 Kapitsa, Allen, Misener discover superfluidity in 4He < 2.19 K (-271°C)
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frictionless flow + spatial periodicity

WHAT IS A SUPERSOLID?

Erbium.at
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FIRST INGREDIENT: QUANTUM

T
(K

)
>1mK

<1mK

<1µK

Wave nature ~
ℎ

𝑚𝑎𝑠𝑠∗𝑡𝑒𝑚𝑝

Veeeery small number

Giant matter wave

Ketterle et al., arXiv:cond-mat/9904034
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FIRST INGREDIENT: QUANTUM

https://toutestquantique.fr/en/
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Cowley and Rosensweig, J. Fluid Mech. 30, 671 (1967)

SECOND INGREDIENT: TENDENCY TO FORM STRUCTURES

Angle-dependent!

Long-range!

en.wikipedia.org

Magnetic interaction ~
1−3(cos 𝜽)2

𝒓𝟑
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1 μB

6 μB

10 μB

~0 μB = Bose-Einstein condensed

~0 μB

~0 μB

WHICH QUANTUM GAS DO WE NEED?

7 μB

Daniel Petter:

Exploring Collective Phenomena in Ultracold Bose-Einstein 

Condensates Made of Magnetic Atoms (08.01.2020)



IN REAL LIFE…
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2015

Now
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DyEr

M. Knabl, IOQOI, 

Innsbruck (2017)

Ultra high vacuum 

(10 -11 mbar)

Oven at 1500 K

EXPERIMENTAL SEQUENCE

Cold gas ~ 10µK Bose-Einstein condensate ~ 150nK

Further 

cooling
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EXPERIMENTAL SEQUENCE



13

?
Magnetic 

quantum gas 

Full collapse

Initial collapse

Collapse

Isolated 

droplets

‘touchy’

droplets?

Stable BEC

‘Soft’ collapse

Interactions 

predominantly attractive

ENERGY OF AN ULTRACOLD DIPOLAR CLOUD

𝐸QF

𝐸QF

Dipolar (attractive)

Contact (repulsive)

QF (LHY)

Interactions 

predominantly repulsive

Interactions 

mostly balanced
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Timonen et al., Science 341, 253 (2013)

ENERGY OF AN ULTRACOLD DIPOLAR CLOUD

?
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Free 

evolution

Free 

evolution

Droplets have 

random phases

Droplet phases

are locked

Destructive interference

 No pattern

Constructive interference

 Pattern formation

ATOM INTERFEROMETRY
Simulation Experiment

Averaged

Averaged

Interference 

fringes

wash out

Interference 

fringes

persist

Er

Er

Averaged

Averaged

Dy

Dy

PRX 9, 021012 (2019)

cnx.org
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PRX 9, 021012 (2019)

arXiv:1912.10892

PHASE DIAGRAM

Contrast
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SUPERSOLIDITY IN DIPOLAR BEC

PRX 9, 021012 (2019)

Related work:

PRX 9, 011051 (2019)

PRL 122, 130405 (2019)

Lifetimes:
166Er ~ tens ms
164Dy ~ hundreds ms164Dy

166Er
AM ~ single shot 

modulation amplitude

AΦ ~ averaged modulation 

amplitude
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IDKilling it

revival

DEATH AND REVIVAL OF SUPERSOLID!
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arXiv:1912.10892

∆Φ ~ 1

∆Φ ~ 0
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Fast free-

space imaging

• QM is mind blowing

• Ultracold magnetic atoms are 

ideal candidates to investigate it

• First observation of long-lived 

supersolidity

CONCLUSIONS

T
(K

)
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Thanks!
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