Dynamics of magnetic solitons in *He-B
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The production and propagation of n-texture solitons in the B phase of *He in a
magnetic field is analyzed. It is conceivable that n solitons were observed in *He-
B by Webb, Sager, and Wheatley® in their experiments after the magnetic field
was turned off.

PACS numbers: 67.50.Fi

As Maki and Kumar have shown,! the presence of a magnetic field in * He-B,
whose condensate is described in terms of the unit vector n and the angle 0, leads
to the formation of n textures that are analogous to the magnetic walls in nematics?
In this paper we examine the production and propagation of n solitons after the non-
uniform magnetic field has been turned off. In a similar case Webb, Sager, and
Wheatley® observed the propagation of slow magnetic perturbationsin 3 He-B, whose
velocity depends on the exciting magnetic field in a complicated way. To identify
the magnetic perturbations with n solitons, which were observed in Ref. 3 and invest-
igated in this work, we must measure the dependence of the wave’s velocity on the
magnetic fields in greater detail; however, the results of Ref. 3 can be explained qual-
itatively in terms of n solitons.

We examine the Lagrangian function L =7 - U in 3 He-B in a magnetic field H.
The potential energy U is comprised of the gradient energy*

Fpg =fdr{K1 (divn)? + K2 (nrotn )? +K3 (n rot n)?
-K4 divn (n rot n )} €3]

and the orientational energy in a magnetic field”
Fy =—a fdr (nH)?Z, ‘ (2)

where K;= (b,-/64)h2ps/m, b,=13,b,=11,b;=16, by=13+/15/8, p, is the superfluid
density, and m is the mass of an *He atom; the expression for « is given by Eq. (6)
taken from Ref. 4. Equation (1) corresponds to Leggett’s configuration (cos 6
=-1/4), since the dipole energy greatly exceeds Fyover a broad range of magnetic
fields. The kinetic energy is'

Xp
2y2

[

T=

far (3 -3,)2-2321, (3)

where xg is the susceptibility of > He-B and v, is the gyromagnetic ratio of > He
nuclei.
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w°=y°H,(o=——4—-nxnt+ ra

We can now easily obtain an equation of motion for the nvector. We confine
ourselves to analyzing the planar textures. We assume that the magnetic field is
directed along the x axis and n={cos¢(x), sing(x), 0}. This case, which pertains to
splay-bend deformations, is described by the equation

2

2 ¢ g . 2 2722 42
bu = ofbut gEiy 5y Lo e (Lealdiyy 61)1=0, @
where
2
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Note that if K; =K (¢?=0), then the static solution of Eq. (4) will represent a wall
that is perpendicular to the magnetic field > The anisotropy (K;#K3) causes the wall
to become an asymmetric plane x =0.

If the solution of Eq. (4) is sought in the form of a traveling wave: ¢=¢(x -ut),
then we obtain the condition

u? b
<<

1
— = 1, (5)
2

€3 b,

If this condition is satisfied, then we can ignore the difference between K, and K; and
solve the equation

b, -cquxx +Q.2H sin ¢ cos ¢ =10 6)
instead of Eq. (4). Here,

4 ay?
2 2 2 2 Y
Cq = Cy4 = C Q = H = e—— [2)

1 3 ’ H Y s Y 5 Xg

We now describe the case in which the additional, nonuniform, magnetic field
Hy(x) is turned off. We define the initial conditions for Eq. (6)

t=0, ¢ =0, ¢, = 8y, H (x), (7

where § is a constant that is determined experimentally. After substituting 2¢=1y
and converting to dimensional variables 7= ¢ and £= Qﬂx/c, we obtain a standard
sine-Gordon equation,

v, - l/lff + siny = 0 (®)
with the initial conditions
r=0, y=0,y, =20(). ©
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We select () in the form used by Maki and Kumar® for the investigation of the
dynamics of solitons in ®He-4 by using the inverse-scattering method that was de-
veloped by Ablowitz et al® for the sine-Gordon equation

o) = 0 (I2sE?), (10)

where =L /&y, w=8voH,/vH, 2L is the “length” of the pulse, and H, is the strength
of the magnetic field that is turned off. We can use in this case the results of Ref. 5.
To produce N pairs of solitons or pulsating (breather) modes,’ the following inequal-
ity must be satisfied®:

[ > Iy. 1y

1
I =le, I =17(N——2—), N =1,2, ..

The soliton pairs can be formed provided that®
®w > o N (12)

(the inverse inequality corresponds to the pulsating (breather) modes). The depen-
dence of wy, on I was determined numerically’; however, we can easily obtain for wy
the following analytic expression:

1+17°2 13)
[43] =
N 2 2 172 ’
I(1 + I*~1 N) -1y
which contains a small inaccuracy only when w,, 1. Finally, the velocity of Nth
soliton is
2 1/2
2N
uN = (1 el 2 ) . (14)
®

We shall briefly consider the dependence of the velocity of a soliton on the tem-
perature T and on the fields Hy and H. The temperature dependence of the maxi-
mum velocity ¢ of a soliton &p$/? & (1 -7/T,)'/* (here the dependence of x5 on T is
disregarded) coincides with the temperature dependence of the rate of magnetic per-
turbations observed in Ref. 3. This rate is approximately three to four times smaller
then ¢; moreover, the rate of magnetic perturbations increases with decreasing mag-
netic field H), and increasing field ® According to Eq. (14), the velocity of an n
soliton has similar dependences on the fields H and H,, which correspond to H,,; and
Hp, . We can easily see this when wy ~ 1 and when the dependence on H and H, is
determined primarily by the quantity « «Hy/H. We should also note that the tem-
perature dependence of the soliton’s velocity, which is given by Eq. (14), is stronger
than that observed in Ref. 3 if the “experimental” temperature dependence of the
quantity a is taken into account, in accordance with Ref. 4,

The author thanks G. E. Volovik for a discussion of this investigation.
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