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Supersolid state of matter

Crystalline order

!

Macroscopic consequence:
. rigidity of the crystal

e Superfluid |:> Coherent wave function
Macroscopic consequences:
metastibility of supercurrents,

reduced moment of inertia

« Classical solid >

e Supersolid > Both kinds of order

Macroscopic consequences: ?
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Our dipolar supersolid
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Our dipolar supersolid
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Superfluids under rotation

Macroscopic wavefunction Wy (r) = |W,(r)|e?™)

¢« U= %Vgo = VAU=0=> ¢ 7 - dl = 0 = classical irrotational hydrodynamics

* Reduced moment of inertia = I = (1 — f;)I. (in a cylindrical geometry)

¥ = wR6 * Normally, fy > 1forT -0 =1=0
4
w :,‘?: .
* No angular momentum is acquired (Lot
. <L>=lw
from the container when w — 0
D
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Superfluids under rotation
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Leggett’s argument: can a solid be superfluid?

Also supersolids are described by a macroscopic wavefunction Wy (r) = |¥, (r)lei‘/’(r)

The density modulation appears in the form of the superfluid fraction:

VOLUME 25, NUMBER 22 PHYSICAL REVIEW LETTERS 30 NovEMBER 1970

I=Q-f£)I with f, < (fdx/p(x))”

Can a Solid Be “Superfluid”?

A. J. Leggett

sothat0<I<I. at T=0
. . . hool athemalical and Physical Sciences, Univevsity of Sussex, Falmev, jghton, Sussex, an
NCRI (Non Classical Rotational Inertia) O eomed 15 Soptemer so10) e Drigten, Susse, Enimd
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The scissors mode

N s 107

How to probe the moment of inertia of our small and non-homogenous system? . e
P

& 10"

We employ a collective mode of the trapped condensate: the scissors mode g 5

20

¢n

‘\\ In the small-angle limit:
| ' ; 0(t) = Y sin(wgt)
‘\\ ,/' 4 Experiments with non-dipolar BECs:
\\ // X Wep = \/w,% + w)2} O.M. Marago et al., Phys. Rev. Lett.
iy 84, 2056-2019 (2000)
4 @ *
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The scissors mode

Useful link with the moment of inertia

2 2
wy + w
I=1Iafp (v — )
wSC
a = (0f - w7)/(wF + w3) B =(x*—y?)/(x? +y?)
Trap deformation Cloud deformation

D. Guéry-Odelin and S. Stringari, Phys. Rev. Lett. 83, 4452-4455 (1999)

Analogy with torsional oscillators

K
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Wosc
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Scissors oscillation

We excite the scissors mode
changing temporary the
relative power between
ODT2 and ODT3..

Giulio Biagioni

.. then we extract the angle
at different times with a 2D

fit
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Scissors frequencies and moment of inertia
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Reduced moment of inertia = proof of
the superfluid behavior under rotation

L. Tanzi et al., (2019) Preprint:
arXiv:1912.01910. Accepted for
publication in Science.

Theory, including 8, by the Trento group:
S. M. Roccuzzo et al., Phys. Rev. Lett.,
124:045702 (2020)

12



Superfluid fraction

Our definition of superfluid
fraction for an anisotropic system:

fs~1 (cluster supersolid)

Comparison with the 1D Leggett’s
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o
Conclusions and outlook

We have demonstrated the superfluid properties of the dipolar supersolid under rotation through a measurement
of its moment of inertia.

Next goals:

* Realizing larger, 2D supersolids to detect a sub-unity superfluid fraction, study vortices and measure a
finite shear modulus

* Josephson effect without a barrier

» Other types of supersolids with cold atoms (e.g. dipoles in 2D stabilized by 3-body forces, or lattice
supersolids)
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