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Introduction:

e two main phases: A and B phase

e several textures, especially in the A phase

e new experiments with the phase boundary
e what is the effect of the A-B phase boundary?
e we have calculated the effect on the A phase vortices

e two different textures obtained
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Experimental setup:
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Hydrostatic theory in *He:
e p-wave spin triplet = order parameter A, is a 3 X 3 matrix

A phase order parameter:

A,; = Aad, (i +in;), where m L f

e vector d defines the axis along which the spin of the Cooper pair vanishes.

e vector 1 = m X n gives the orbital angular momentum axis

e superfluid velocity:
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Different vortex textures in *He-A:

Vortex sheet WS}

azmn5tant| Gnntlnunus unlocked vortex (CLV)

f fi Id
-* d=constant
rotation | -
velocity | Singular vortex (SV)
(rad/s) T harft_? core
SOTL COrg —-

i field: -il' =

rmagnetic d- tant
% B \ns = field (mT) ‘o I1|
Locked vortex 1 (LV1) Locked vortex 3 (LV3)

f=d field ./ -~ ——-||._____._“r i=d fleld

-'J'I'l-/r.r .
/"'T" /
tt/:(____,_ﬂ,l EL - ""-i

X

R. Hénninen International Workshop on Superfluidity under Rotation 2003, Nikko



i~ Vortices at the A-B phase boundary in superfluid *He \ G

Hydrostatic free energy: F=[d&r(fa+ fut fo)
e dipole term:
fa= _%Ad@ 1),
e magnetic anisotropy term:
fo= %Ah@ .H)?
e kinetic terms + gradient energy density (v, = 0):
2fy = puvi 4 (p) — pr)1-via)? +20ves - V x 1= 205(1- vaa)(1- V x 1)
+ K(V -1+ K-V x 1)+ Kyl x (V x D+ K5|(1- V)d)? + K ) [(1x V)d,].
i
Characteristic scales:

e dipole length:

a = (h/2m3)\/p)/Aa = 10 pm
Hd: \/)\d/)\hQZmT

e dipole field:

e dipole velocity:
Vq = )\d/pH %1mm/s
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B phase order parameter: |
Aui = AgR,;(1,0)e",

e I7,; rotation matrix around n with angle ¢

e superfluid velocity:

VsB = ZLWV(b
Hydrostatic free energy:
e kinetic term (v, = 0):
fx = %PSUSB,

e dipole term:

fo = Ap(RiRj; + RijRj;) — 0 = 104°

e gradient term:

fo = Ag10iR0i0j Roj + A\q20; RjO; Ry = R,,; = const

e plus some other terms
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Vortices in the B phase:
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A-B phase boundary:

e requirements at the A-B boundary (normal 8§ = z || €2):

d = R
(m+in) -8 = ¢
1-§ = 0

coordinate system where v, = 0
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Simplified model:
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Results:
e calculations done for vgp = 0 deep in the A phase
e assumed GL-region (T ~ T¢)
e minimization using conjugate gradient method
e two different textures obtained
— texture depends on the rotation velocity (density of the vortices at the boundary)
e both textures have half-quantum vortex cores at the phase boundary
ed~x everywhere

e independent of the initial ansatz
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Low density texture (low rotation velocity):
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Low density texture (low rotation velocity):
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V x v, for the low density texture:

3

R. Hanninen International Workshop on Superfluidity under Rotation 2003, Nikko 15



S\

- . Vortices at the A-B phase boundary in superfluid *He

Superfluid current for the low density texture:
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High density texture (high rotation velocity):
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High density texture (high rotation velocity):

>>>>>>>>>>>>>>>>>>>>>
‘ />>>>>>>>>>>>>>>>>>>>>
,>>>>>>>>>>>>>>>>>>>>>>>>
+>>>>>>>>>>>>>>>>>>>>>>>>
1 r>>>>>797>>>>>>>>>>>>>>>>
>>>7777777>>>>@g@5555>>i
>>?7777777&>>@A@@AA&55§$
>>777777777>&Q§Q\«\\&&s5
>V?77«4447@&&Q%“<\'\‘\‘\~~

L/ 7>777444J(Aao WW«KKEi

21F 41 N IS

= v v <
"1

T 24

[

D " -~

!
4
-

- =

=

AAASAAAAA

2

N

=

R. Hanninen

International Workshop on Superfluidity under Rotation 2003, Nikko

18



S\

éu Vortices at the A-B phase boundary in superfluid *He

V x v, for the high density texture:
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Summary:
e calculated the vortex structure at the A-B boundary
e two different textures obtained (low density & high density)

— half-quantum vortex cores

To be done:
e generalize to other pressures
e possible other textures??
e calculate the NMR spectrum

— difficult to measure
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