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Superfluid 3He
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» Multi-component (18) Order Parameter with Broken RES
Spin- Orbital and Gauge Symmetries.
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Normal State Symmetry:
Gn =U(l) x SO3). x P x SO(3)s x T

- ; ; time
gauge  orbital parity - spin reyersal *unconventional BCS pairing

multiple condensed phases

complex broken symmetries
interactions: FL, dipole-dipole,...

One of the most sophisticated and
successful Condensed Matter System:s:

topological properties




Surface states in 3He

Normal State Film:

Gn = U(1) x [U(1)iz x Re x Ry] x SO(3)s x T
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Superfluid in confinement

» surface states dominate the volume of the sample

» Surface states interactions, non-local physics ( V)

» Suppression of Order Parameter: ‘non-bulk’

I quasiparticle spectrum, new energy landscape

~ 20 — 80 nm
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" » Confinement driven transitions B-A, A-Normal

» 3He-B example

z » Completely new OP configurations, phases with

W A(2) new symmelry properties
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» Control of Geometry & Spatial dimensions:

Insight into pairing symmetries
New phases

New ways to access surface states:
study and manipulation
New technological devices




Superfluid He-3 films

Confinement driven transition :
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New phases in other geometries

» Chiral 3He-A ribbon

Hao Wu, J. Sauls QFS’15 talk Aug 15, 9:40am

Y Stripe order in multi-component OP
Y Domain walls with non-trivial bound
states and mass currents

» Superfluid He-3 in magnetic field
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B Additional symmetries

b Protected topological phase in small B
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» Cylindrical pores
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b Several new phases
— “Spiral” order
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Spontaneous currents

d-wave condensates

T 0 et nonocal ABS
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Re-entrant superconductivity

Confined geometry with Zeeman
D/Tt€p=3.33 M. Hachiya, FRB 2013 magnetic field:
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Grand Challenge 1

Prediction of signatures of bound states (surfaces and
domain walls) and of new phases :

magnetic properties

connection to Majorana and Weyl quasiparticles
transport & non-equilibrium properties
condensate dynamics

Experimental challenges and development of new
techniques: low T, small volume, high B, surface physics
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SHe thin films:

Xu, Crooker 1990
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Flow anomalies: below ~4€0
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Tc suppression

Recent experiments:

RHUL NMR Berkeley, 3rd sound Stronger suppression of Superfluidity
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A-B transition: experiments
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A-B transition: theory
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Quasiclassical weak coupling Ginzburg-Landau theory
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Grand Challenge 2

LiHo PRB 1988 T (mK)

I3 Need for development of numerical
approaches to model complex systems
11 Joint effort of several groups




Broader connections

Nano-world: ' Mayadffre et al 2015, QFS’I 5 talk Aug |1, | |am
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4 Interaction of Dirac states in thin films
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Quantum Critical Point:

* change of ground state by external parameter
* appearance of new phases near QCP




Vision for theory of restricted geometries

» Superfluid He-3 is a model of unconventional pairing
= 1.1 9 x 2 order parameter components
= 1.2 symmetry and topology playground

» Grand Challenge: understanding surface states in confined geometry
= 2.1 properties of bound states
= 2.2 interactions with fields
= 2.3 connection to topological properties
» Grand Challenge: find agreement between theory and experiment (thin films)
= 3.1 numerical modeling - combined effort
= 3.2 connection to experiment

» Impact on various fields
= 4.1 States in confinement including FFLO

= 4.2 QPT and topological materials




