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T he A phase

The order parameter A,; = Ady(m; + in;)
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A phase factor elX corresponds to rotation of m and n around 1:
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Vortices in the A phase

Consider the structure
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Here 1 sweeps once trough all orientations (once a unit sphere).
— m and @ circle twice around 1 when one goes around this object.

— This is a two-quantum vortex. It is called continuous, because A (the
amplitude of the order parameter) vanishes nowhere.



Hydrostatic theory of 3He-A

Assume the order parameter (m, 0, 1, d) changes slowly in space. Then we
can make gradient expansion of the free energy
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Vortex phase diagram in 3He-A
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Vortex sheet

Vortex sheets are possible in
SHe-A

N

Sheets were first suggested to
exist in *He, but they were found
to be unstable.

Why stable in 3He-A?

Dipole-dipole interaction (2)
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Vortex sheet = soliton wall to
which the vortices are bound.
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Simple model of the
vortex sheet

Minimize
F = /d?’?“%pst + o A. (3)
with constraints

V.v=0, Vxv=2Q. (4)

Here v=vs, —v,. A is the area of the
sheet and o its surface tension. v has
tangential discontinuity at the sheet.

Warning: this neglects the bending
energy of the texture.

Exact corollary

oK + %ps(v% —v3) = 0. (5)
where K/2 is the mean curvature of the
sheet (K = R;' 4+ R, ', where R, and Ry,
are the principal radii of curvature). v

and v, are the (tangential) velocities on
the two sides.

Applications
1) Planar sheets with distance b:
v = 2Quzy (6)
F 1 [ 1 o 1 o
— == dr=psv? + — = ZpsQ%b° + — (7
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Minimization with respect to b gives the
equilibrium distance between sheets
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2) One cylindrical sheet (cylindrical container, radius R)
Radius of equilibrium sheet Rs for given circulation x = fdr F Vg = 27TQR5 obeys
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3) Rectangular container

(a) (b)
b b
a a
Kinetic energy for vortexfree rectangle (area didy) (Fetter 1974)
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Applying to n sheets in configurations (a) and (b) gives
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where a = psQ22b3/fs and fs =~ o.

Sequence for increasing 2 (b= 0.9a): O, 1a, 1b, 2a, 2b, ..., 5a, 5b, 6b, 7b,



4) Bending of sheets at A-B interface (Hanninen et al 2003)
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where a = b/+/6 (b is the equilibrium distance).

(17)

Surprisingly the Bekarevich-Khalatnikov model gives exactly the same form for vortex lines.

Summary
Analytical calculations for sheets are simpler than for vortex lines.

Textural bending energy?



Solitons

Dipole-dipole interaction (2)

Structure of splay soliton (B = Bz)
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NMR resonance frequencies

(D-I—Un)dg = Oé“dg (18)
(D+U)d. = a.d.. (19)
K Ks — K, o
Df = ——°V2f - ——2°v.[10- V)f]. (20)
Ad Ad
U = 1-12-2(1xdo)? (21)
I K Ks — K¢ -~
U = 1-22—Ixdo)2-—2(ve)2-—=>_"°1.vo)2 (22)
Ad Ad
UD 1 | ///'T\\\ ‘
0.8} //X K}IJD ]
o - _ \ : M\\\\““*‘*
. 0.6} S " |
0.4+
0.2r UD
Ok
-0.2r
-10 5 0 5 10



Results (no dissipation)

Effect of I} =0, -1 and strong coupling
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Dissipation

Normal-superfluid conversion (Leggett-Takagi) and spin diffusion (simple
model)
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Results

longitudinal splay
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Conclusion

Vortex sheet: analytic results
- maybe can be tested at high rotation speed

Solitons: including dissipation
- a problem in transverse splay resonance
- measurement of longitudinal resonance of splay soliton?

T hese lecture notes will be available at
http://boojum.hut.fi/research/theory/
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