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Outline
Aerogel  -‐  disorder  &  con&inement  

-‐ AB  phase  diagram  
-‐ Gapless  super&luidity  
-‐ Anisotropy  
-‐ Substrate  for  solid  helium-‐3  
-‐ What’s  next…  

Field-‐stabilised  AB  interface;  gap  suppression  &  engineering  

-‐ Phase  diagram    
-‐ Thermodynamic  properties  
-‐ Open  questions…  



  -‐  ballistic  quasiparticles,  super&luid  phase  boundaries  and  con&ined  geometries  
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“Andronikashvili”  
Super&luid  density  
AND  &low  dynamics  

Pinning  of  AB  interface  (surface  tension)  

Supercooling/undermagnetization  of  A  to  B

Bulk  transitions  suppressed  
by  0.45  in  both  &ield  and  
temperature



-‐  model  substance  with  connections  to  such  topics  as  superconductivity  

-‐  quasiparticle  scattering  from  a  bulk  super&luid  -‐  aerogel  super&luid  interface

Tbox

Tout

aerogel

Qapp
R aero

R bin

R bout

Tbox

Tout

 =
LQ̇

A�T

Black  Body  Radiator  technique  
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Boundary  resistance  “problem”

“Gapless”  -‐  &inite  DOS  close  to  E=O  around  Fermi  surface

Transport  across:  S-‐N-‐S;  S-‐Dirty  SF-‐S.  
S  can  be  A  phase  (nodes)  or  B  phase  (isotropic)  
Dirty  SF  can  be  A-‐like  or  B-‐like



-‐  impurities  in&luence  the  various  super&luid  phases  and  the  transitions  between



Anisotropic  texture,  modi&ied  by  &low  

Texture  contains  defects  that  can  be  healed  

Texture  has  “active”  response  -‐  can  be  combed

Proximity  Effects?  
Tuneable?  
Control  and  engineering  of  gap  structure  at  the  bulk-‐aerogel  interface.



-‐ few  atomic  layers  of  3He  atoms  are  adsorbed  onto  the  silica  strands  

-‐ near  perfect  thermal  contact  to  the  super&luid



Cooling  by  demag  of  solid  on  strands  

Evidence  for  magnetic  phase  transition  

“Nanotubes”  of  solid  3He  few  atoms  thick  

Other  substrates?



-‐  demag  the  solid  3He  layers  which  coat  the  aerogel  strands  

-‐  enclosed  cavity  for  experiments  on  bulk  

-‐  free  decay  of  the  Persistent  Precessing  Domain  (PPD)  may  last  several  hours
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Good  thermalisation  within  the  aerogel  

Boundary  resistance  at  the  bulk-‐aerogel  interface?  

Watch  this  space!
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Exemplar  of  1st  order  phase  transition  

B  phase  &ield-‐distortion  calculations  work.  
The  A  phase  is  ABM  state
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Primary  nucleation  triggered  
by  mechanical  shock  but  not  
by  radiation.  

Secondary  nucleation  behaviour  
has  a  memory  effect  that  also  
depends  on  the  direction.

“3He’s  dirty  secret”  
-‐ Henry  Tye  
Resonant  tunnelling  between  
quantum  vacuum  states?

Experiments  dif&icult  (but  also  easy)  -‐  potentially  very  rewarding
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Surface  tension  and  wetting
Order  parameter  transforms  
smoothly  from  A  to  B  
(via  planar?)
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“Pop”  the  interface  through  holes  and  measure  it  climbing  up  the  walls  

Important  thermodynamic  quantity  -‐  fairly  good  agreement  with  “&irst  
principles”  calculations  

(Doesn’t  solve  the  nucleation  problem)



Interface  order  parameter?  
-‐  transport  through  and  within  

Dynamic  textures  and  orbital  motion  
-‐  boundary  conditions  
-‐  friction  
-‐  tuneable  effective  mass  

Ripplons?  

High  &ield  distortion  
-‐ spin  &ilter?  

Vortices/defects  and  the  interface  
-‐ instabilities,  event  horizons  

3D  control  of  transition/interface  

Interfaces  in  2D  con&inement

Some open questions…

Eltsov  et  al,  
Aalto,  Finland  
AB  in  rotation
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