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Outline

e superfluid 3He

e Leggett equations

e Spin-wave radiation

e explanation of experiments
e conclusion
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Superfluid 3He: triplet pairing

e spin state of S = 1 Cooper pairs (Sz=1,-1,0)
|d) = (=dx +1dy)|TT) + (dx + 1dy)| L) + dA| TL) + [LT))

« TN e N forms textures
e “order parameter” d(k) is a vector

e p wave orbital state y & phase
- B phase >~ L[ I[]&
d(k) = €?R(f, 6, )k | n texture
where 6, = 104° x ﬁ K¢

Janne Viljas LTL £, HUT <



Lammi, January 2004

Dynamics of d: Leggett equations

122
S
F = f[? —-vyH - S}d r + Faipld] + Fgradld] + Fsurs[d] + - -
[Si, dj(K)] = inejrdk(k) =

“Internal Josephson effect”

e equation for d:
o Ap=—-h(dF/3S) = —-hry(H - yS/x)

d = ydx (H - yS/x)

o (_equation for S In NMR dynamics driven with H(t)
S=ySxH+R e what if H(t) = 0?
torque R=—-(d x (6F/5d)>ﬂk
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Josephson coupling via a constriction

e coupling through a region ~ &y where A is suppressed
e phase and spin-orbit degrees of freedom coupled: “anisotextural effect”

Coupling energy: @ @ -2 0 TU?
[ TTTH phase >I{ n texture
Fj ~ —Ej(¢ij) cos(e)
p=0¢"—¢ A\ L
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Textural dynamics: spin waves

F[6] ~ —(ES — Adp) cos(g) +5 [ d3r|Vel?

Leggett equations =

e 0=0c?V%,c= VY2K/x
o 27RZKY'(Ry) = |sp(¢)
lsp(¢) = 9F 3/000 = Al1100) COS(¢)

¢(t) = wjt = lgp drives oscillations of S,

Pressure-biased junction which radiate out as spin waves:

and texture in half-space: o 0(r,t) = Re[Setkr—wil], k= w;/c
H=0, wj=02m/ph)P
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DC current from anisotextural coupling

e time average of supercurrent 35
|S(¢) — (2m/h)(5F3/8¢) ABO* "Parallel" case;n_=0.2m
525
| P 2M[A()]?  wi(P)r EZO 04=TIT
savellF) = =Ty
ho 27KRy 1+ (wy(P)r)2 3% 05
9 10
c 0.6
o 7=Ry/c=Ro/V¥?K/x 51/, o7
e DC current depends on textural | e —
_ _ 0 100 200 300
configuration through A(n) pressure P (mPa)
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DC current from MAR

e Multiple Andreev Reflections e consider relaxation-limited case
OO o U = (m/p)P < I’y = relaxation rate
@ . OO0
S lo(P) = Gn(A/To)g(T)P
______________________________ h 5 U$L - linear also with gap suppression
o | T ........... - independent of texture
k -k Total DC current:
o0 © lac(P) = lo(P) + Isave(P)
o0
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Comparison to experiment

o fitof Igc=1g+ Isave to Berkeley data [PRL 84,6062 (2000)]
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Full calculation of MAR In point contact

1(P,1) = 1g(P) + X7, [I7(P) cos(nwt) + I5(P) sin(nw 3t)]
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Prediction: resonance with longitudinal mode

e example: —Al = A" = 2

e spin-orbit angle distorted from
0, ~ 104°

e DC current

save(P) o Im |1/ \/1 - (@y/2)?]

e resonance at wj = Q;
e also at wj = Q/n?
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Summary

e MAR not sufficient to explain experiments of dissipative currents in

array-type junctions

e sSpin dynamics may be driven with a Josephson junction

e sSpin-wave radiation from the junction explains the additional, texture-

dependent dissipation

¢ the following should be measurable:

- oscillating spin polarization (with a pickup coil)
- longitudinal resonance (with biases < 1 Pa)
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Mass and spin currents: hydrostatics

e In bulk regions A = constant

mass current spin current
[ = sp_ SP SIO
ls = pPsVs J = Pap.iiVai
Vs = (1/2m)Ve Vo = ~(1/4m)eap,Rg YRy,

e gradient energy

Foraa =5 | @rlpsd + oS, vIVED

e phase and spin-orbit degrees of freedom decoupled
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