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Superfluid 3He p-wave, l=1,s=1 Cooper pairing

jA

orbital index j=1,2,3, enumerates   
px,py,pz- orbitals

spin index  = 1,2,3

jjkA =

px py pz
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B–phase: isotropic state

A-phase: axial state  



Self-supporting structure – aerogel (SiO2 ). 

Porosity P up to 99.5% .

Usually about 98%



• Silica ball size: 

d  3 nm

• Correlation length: 

xa ~ 10 - 100 nm

• Superfluid coherence length: 

x ≈ 20 - 80 nm (P = 34 - 0 bar)

• Expect interesting physics 

when: x ~ xa

DLCA simulation of a silica aerogel depicting

the length scales d and xa (courtesy of T.M.
Lippman).
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сжатие на ~4%
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ЖЭТФ, 86, 244 (2006)

Global orbital anisotropy

Lowering of symmetry: from spherical to axial.

Good quantum number is m= -1,0,+1.

Squeezed aerogel
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Quest for the polar phase



Squeezed aerogel
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Gap is zero on the circle  

on Fermi sphere
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CW NMR frequency shift in A, PdA and polar phases:
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Spin dynamics in the LIM state can be obtained from Leggett equations

CW NMR

=p/2: 02 =

NOTE:  Here K has been calculated in the weak coupling limit. Experiments show that K in the 

polar phase is decreasing (from 4/3 down to 1.15) with the increase of pressure from 0 to 29.3 bar.



R.Sh.Askhadullin et al.,  J. of Phys.: Conf. Ser., 98, 072012 (2008)

Effective density: 8-40 mg/cm3

Diameter of strands: 6-10 nm

Distance between strands: ~100 nm

For 30 mg/cm3 sample mean free paths along and transverse to strands are 850 and 450 nm. 

“Obninsk aerogel”
Al2O3 aerogel produced in Leypunskiy Institute of Power Engeneering (Obninsk, Moscow region)

SEM picture for 30 mg/cm3 sample 8

Samples have been supplied 

by R.Sh.Askhadullin, 

P.N.Martynov, A.A.Osipov 

(Leypunsky Institute, Obninsk, 

Russia)
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Effective density: 90 mg/cm3 (97.8% open) or 243 mg/cm3 (94% open) 

Diameter of strands: ~10 nm

Distance between strands: ~40-70 nm

For 90 mg/cm3 sample mean free paths along and transverse to strands are 950 and 250 nm,

for 240 mg/cm3 sample mean free paths along and transverse to strands are 560 and 60 nm. 

Al2O3 aerogel (“Nafen”) produced by ANF Technology Ltd (Tallinn, Estonia)

SEM picture for 90 mg/cm3 sample 9

Samples have been 

supplied  by I.Grodnenskiy 

(ANF Technology Ltd, Tallinn, 

Estonia) – “Nafen”.
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“Quest for the polar phase” is success. Now we 

know how to prepare the polar phase as well as a polar 

distorted A-phase. But some Important questions still have 

to be clarified: 

1) What aerogel is ”good”, or which property of  e.g. nafen 

Is crucial for stabilization of the polar phase. 

2) Why the global anisotropy induced by Obninsk aerogel 

is not sufficient for stabilization of the polar phase in spite 

of theoretical predictions. 

3) Why nafen-243 having porosity smaller than 94% does 

not suppress superfluidity of 3He completely. 

There is important input from the experiment.      
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specular reflection

I.A.Fomin, JETP 127, 933 (2018):





Anderson theorem



Apparent conflict with the well known statement for unconventional 

Cooper paring: detrimental effect of potential impurities                              

(A.I. Larkin, JETP Letters 2, 130, (1965))





Magnetic scattering

I.A.Fomin, JETP 127, 933 (2018):  Magnetic scattering seems to be too small

V.P.Mineev, Phys.Rev.B 98, 014501 (2018):  Magnetic scattering can decrease effective 

anisotropy

Magnetic scattering lowers the transition temperature, but does not “spoil” 

the order parameter of the polar phase.  
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m=0

Admixture of two 

other projections 

m=-1, m=+1 

makes the phase 

“unconventional”

Specular reflection versus diffuse

Specular reflection – pure m=0 state (polar 

phase) – Anderson theorem.

Diffuse reflection – admixture of other 

components – Larkin situation



. 

A test for unconventional Cooper pairing in metallic superconductors and 

new materials (cuprates, Fe-based, ruthenates etc.). 

Concept of superconducting fitness for multi-orbital superconductors.

A. Ramires and M. Sigrist, Phys. Rev. B 94, 104501 (2016) 

F(k) = 0  condition of the “compatibility of arbitrary pairing states 

with a given normal state Hamiltonian”.  

Generalized Anderson`s theorem for superconductors derived from 

topological insulators., L. Andersen, A. Ramires, Z Wang, T. Lorenz, and 

Y. Ando,  arXiv: 1908.08766 (23 Aug 2019)   



1) What aerogel is ”good”, or which property of  e.g. nafen 

Is crucial for stabilization of the polar phase. 

1a) Long straight strands with specular reflection.

2) Why the global anisotropy induced by Obninsk aerogel 

is not sufficient for stabilization of the polar phase in spite 

of theoretical predictions. 

2a) Because of admixture of m=1 and m=-1 components  

due to diffuse part of scattering amplitude. 

3) Why nafen-243 having porosity smaller than 94% does 

not suppress superfluidity of 3He completely. 

3a) Because of Anderson theorem.       
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Three samples were cut from the same piece of mullite nematic aerogel) with porosity 

~96%. One sample was used in experiments with vibrating wire (poster P2.9). One of 

2 remaining samples was squeezed by 30% in the direction transverse to the strands 

(“squeezed sample”) and was used in NMR experiments together with unsqueezed 

sample (“original sample”). All samples have a characteristic sizes  ~ 2.5 - 4 mm.

SEM picture of the mullite sample

mullite sample

nafen-90
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Spin diffusion in the original sample 

(along and transverse to the strands)

In the limit T=0  the diffusion is limited by 

the aerogel strands. 

We may introduce the effective mean 

free paths of 3He qusiparticles which are 
determined only by aerogel. In case of 

specular scattering in ideal nematic 

aerogel we expect that at T → 0

Spin diffusion

→||

Sample Porosi

ty (%)

Тса

at 7.1 bar

┴,  || (nm)

nafen-90 97.8 0.955 290  960

original mullite 96 0.968 235 1350

squeezed mullite 94.3 0.957 130 550
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Phase diagrams of 3He in mullite samples (the strands are covered by 4He) 
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V.V. Dmitriev, QFS 2019 

1. In 3He in ideal nematic aerogel (                at T=0) Tca=Tc

2. Region of existence of the polar phase is proportional to 


