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Two different types of homogeneously precessing domains (HPDs) are discussed for 3 ~ e - ~ .  
In addition to the HPD discovered in 1984, HPD('), in which the orbital vector is 
oriented along the magnetic field, another coherently precessing state, HPD('), is found 
which is also stable under spatially inhomogeneous perturbations. In the HPD(') the orbital 
vector has an opposite orientation. The domain boundaries between different precessing 
states are discussed. At low temperature the excess of the pumped dipole energy leads to 
spontaneous formation of a texture of two domains precessing with different frequencies. 
This produces the phase-slip processes on the domain boundary, which thus plays the part of 
the weak link between HPD(') and H P D ( ~ ) .  Evolution of the HPD states in an increasing 
magnetic field, where the superfluid gap becomes anisotropic, is considered. 

1. INTRODUCTION 

Superfluid 3 ~ e  is a magnetic superfluid in which the 
magnetic ordering is provided by the transition to the co- 
herent quantum state with broken spin rotation symmetry. 
Besides the equilibrium ground state, the magnetic sub- 
system can be easily transformed to the excited dynamical 
state corresponding to the Larmor precession of the de- 
flected magnetization around applied magnetic field. It  ap- 
peared that the magnetic subsystem can preserve its coher- 
ent properties in the regime of the Larmor precession. The 
precession occurs in a single quantum state and the spatial 
gradients of the precession phase lead to the spin supercur- 
rent. Such spin stiffness results in the high stability of the 
homogeneous precession: the spin supercurrent and spin- 
orbital interaction provide the feedback which supports the 
single frequency of precession for the whole sample even 
under inhomogeneous external conditions. The Homoge- 
neously Precessing Domain (HPD) has been observed in 
3 ~ e - ~  in 1984. '~~ This discovery extended the applications 
of the NMR for investigation of the fine properties of 
3 ~ e - ~ ,  such as spin-supercurrent transport of 
magnetization3, nonhydrodynamic corrections to the spin 
transport of the normal component,4 and 3 ~ e - ~  properties 
under r~ t a t ion .~  As a result of these investigations the spin- 
supercurrent Josephson phenomena,6 the spin-current vor- 
tex formation,' and modes of HPD oscillations8 have been 
discovered. In rotating 3 ~ e + ~  the singly quantized mass- 
current vortex with the nonaxisymmetric core, and new 
topological hybrid of i) mass vortex, ii) spin disclination, 
and iii) Maki soliton have been ob~erved,~ and the anisot- 
ropy of the superfluid density, which is induced by the 
magnetic field, has been measured.1° 

Recent pulsed NMR experiments in 3 ~ e - ~  at low 
temperature1' showed diversity of precessing regimes, in- 
dicating that precessing states with different dynamical 
properties can exist in 3 ~ e - ~ .  

Here we show theoretically that two different HPD 
states should exist in 3 ~ e - ~ :  In addition to the HPD in- 

vestigated so far, which we call here HPD('), another HPD 
state, HPD('), is possible. These two HPD's correspond to 
two different phases of coherent Larmor precession, which 
have different symmetries. We consider how the HPD") 
and H P D ( ~ )  are modified with increase of the magnetic 
field, when the B-phase is distorted by the field and be- 
comes anisotropic. The domain boundaries between differ- 
ent states of Larmor precession are discussed. We show 
that HPD"' and H P D ( ~ )  cannot coexist under the equi- 
librium Larmor precession with single frequency, but can 
have a contact in the regime with excess of dipole energy. 
In this case the HPD(') and HPD(~)  precess with different 
frequencies, and the domain boundary plays the role of the 
a Josephson junction, where slippage of the precession 
phase takes place. The connection with experiment1' is dis- 
cussed. 

2. LARMOR PRECESSION IN THE DEFORMED B-PHASE 

In a conventional experimental situation the dipole en- 
ergy is low compared with the Zeeman energy, so it may be 
considered as a perturbation. If this spin-orbital coupling is 
neglected, the general solution for the free precessing state 
can be obtained by using the Larmor theorem, which states 
that in a system rotating with the Larmor frequency 
w,=yH the effect of the magnetic field is completely com- 
pensated and the spin rotation symmetry is restored. As a 
result one can find all the degenerate coherent states of the 
Larmor precession by applying - to some initial - state the 
symmetry operations S@XSO$, where S@ is the group 
of spin rotations in the precessing frame and  SO^ is the 
group of orbital rotations in the laboratory frame. 

If one chooses as the initial st9te the staticpary state 
with the equilibrium spin density s(O)=X(H)H and with 
the equilibrium value of the order parameter A:), then the 
general solution for the free Larmor precession in arbitrary 
superfluid phase is 
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s a ( t )  = o ~ ~ ( ~ , - - w ) R ~ ) ~ ~ ( ~ , ~  (2.2) 

Here R!;' is the time-independent matrix of orbital rota- 
tions SO-[ in the laboratory frame a n d - ~ g )  is the time- 
independent matrix of spin rotations S@ in the precessing 
frame, while the time-dependent matrix OYP(2,mLt) of ro- 
tation about axis z through an angle wLt describes the tran- 
sition from the laboratory frame to a rotating one. 

The simplest form for the order parameter in the sta- 
tionary B-phase disturbed by the magnetic field is: 

where All  and A, are longitudinal and transverse gaps. 
The difference between the gaps increases with the field 
and the B-phase becomes essentially anisotropic near the 
transition to the ~ - ~ h a s e ' ~ .  In Eq. (2.3) the axis of the 
anisotropy of the gap is chosen along the magnetic field 
Hll i. If one represents the R ( ~ )  and R(,) matrices in 
Euler angles: 

one obtains the following general form for the order pa- 
rameter precessing with the Larmor frequency 

The spin density transforms under the symmetry op- 
erations as 

The latter means that a is the phase of the precession while 
p is the tipping angle of the precessing magnetization. The 
axis of the gap anisotropy is oriented along the vector 
i=R(,)i, which means that A and a2 are polar and azi- 
muthal angles of the orbital anisotropy vector i. Beside 
these four variables which describe the orientations of the 
spin in the precessing frame and the orbital vector in the 
laboratory frame, there are two more variables: yl and y2, 
but the order parameter depends on them only in combi- 
nation yl + y2. So the degenerate states of the Larmor pre- 
cession in the general case of the B-phase in an a~bitrary 
magnetic field span the 5-dimensional space: S @ X S O ~  
space of matrices R ( ~ )  and R(,) factorized by the space 
spanned by the residual symmetry operation, which is a 
simultaneous change of parameters y, with y1 + y2 fixed. 

3. INTERACTIONS WHICH LIFT THE DEGENERACY 

The 5-dimensional degeneracy of the Larmor preces- 
sion is lifted by the dipole interaction averaged over the 
period of precession 

where A, is the isotropic gap in zero field and fiL is the 
longitudinal resonance frequency in the isotropic B-phase. 
Substituting Eq. (2.5) into Eq. (3.1) one obtains that F D  
depends on variables s,= cos B =SJS, I,= cos A and 
@ = a l + y l + a 2 + ~ 2 :  

where the parameter 

shows the deformation of the gap caused by the magnetic 
field. 

Note that the pure B-phase is obtained as well for q= 1 
as for q= - 1, in the latter case the change of sign of A, 
can be compensated by a shift of the angle @ by .rr. As a 
result one should have 

which is satisfied by Eq. (3.2). 
The profile of the potential F, as function of s, and I, 

(after minimization over @) is shown in Figures 1 (a-c) 
for different magnetic fields. This profile determines the 
properties of both the pulsed and cw NMR in 3 ~ e - ~ .  In 
the case of pulsed NMR the rf pulse produces a homoge- 
neously precessing state with given tipping angle 0 (or 
longitudinal magnetization s,=cos P), which is defined by 
the amplitude and the duration of the pulse. The minimum 
of the dipole energy at given s, defines the equilibrium 
values of the other variables of the precession and the pre- 
cession frequency w = w, - dFdaS,.  The magnetic relax- 
ation leads to the slow drift of s, and other variables to- 
wards the stationary state. 

In case of cw NMR the formation of the homogeneous 
precession state has also been observed13. In these experi- 
ments the frequency w of the rf field is fixed, while the 
tipping angle is adjusted in such a way that the rf field 
becomes at resonance with the precessing state. In this 
regime the equilibrium magnetization and other variables 
of precession are determined by minimization of the energy 
in a frame, rotating with angular velocity w. It consists of 
the dipole energy, averaged over the precession period, and 
the spectroscopic energy terrn14: 

The magnetic relaxation is compensated by the power sup- 
ply from the rf field. 
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4. HPD STATES 

The profile of the dipole energy in the B-phase leads to 
several different coherent states. The right valley of the 
dipole energy profile on Fig. 1 leads to the following states. 

(i) Nonprecessing state (NPD). This is the stationary 
state with equilibrium magnetization, sz= 1. In the pure 
(nondeformed) B-phase this state is degenerate with re- 
spect to the orientation of the orbital angular momentum 
within the range - 1/4 <Iz < 1. The local orientation of the 
vector I is determined by other perturbations, like surface 
conditions on the walls, as a result the texture of the vector 
I appears. For the deformed B-phase the degenzracy is 
lifted and the minimum of the dipole energy, ~y~ = 

- 3/4( 1 - g2), occurs at I,= 1 and cos @= -9/4. The 
equilibrium value of @ is the Leggett angle for the de- 
formed ~ - ~ h a s e ' ~ .  

(ii) The modijied Brinkman-Smith (BS) mode. It has 
1,=1, and 

1 -2sz 
cos @=g- 

2+2sz' 

The magnetization should be within the range 

FIG. 1. Profile of dipole energy in 'HSB in terms of the normalized 
longitudinal magnetization s,=cos f l  and orbital angular momentum 
I,=COSL for different gap deformation induced by a magnetic field. a )  
B-phase in a relatively weak field where the gap deformation can be 
neglected: All =A,  . Two valleys are seen, which are separated by the 
energy barrier. The right valley is responsible for the nonprecessing state 
(NPD) and the conventional HPD(" with I,= 1, while the left one gives 
rise to the domain with the reversed spin (RSD, s,= - 1, Iz=O) and to the 
HPD"' with the reversed orbital momentum, I,= -1, and s,>O. b) 
B-phase in such a field that A,, =0.5A, . c )  The field is so strong that the 
longitudinal gap disappears, All =0, and the B-phase transforms to the 
planar state. HPD('' does not exrst in this state. 

to preserve cos Q < 1. This solution has a linear depen- 
dence of the dipole energy on the longitudinal spin: 

This means the following: 
a )  All the BS states have the same precession fre- 

quency w = W L  - a ~ % ~ / a ~ ,  which in dimensional units 

This finite frequency shift coincides with the resonance 
frequency shift of the transverse linear NMR on the NPD 
state, since the latter corresponds to the BS mode with 
small p. In the B-phase the resonance frequency shift of 
the transverse NMR exists only due to the gap deformation 
and is known as the g-shift'5. The g shift was first measured 
by 0sherofft6 and investigated in detail in 17. 

b) In the applied field gradient the BS states are un- 
stable to the phase separation, i.e., to formation of two 
domains with the magnetizations corresponding to the ex- 
treme values in Eq. (4 .2 ) .  These are the NPD state, which 
appears in the region of the cell where the local frequency 
shift is less than wBS, and the conventional HPD 
(HPD(')), which appears in the region of the cell where 
W > wBS. 

(iii) HPDI') state. This state has the same orbital mo- 
mentum I,= 1 as in the BS mode. It is characterized by 
higher tipping angle: 
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FIG. 2. The stability regions for HPD(" and HPD'~) for different defor- 
mation of the gap, q=Ail /AI . In the planar phase (q=O) the conven- 
tional HPD (HPD(')) is never stable, while the interval of the tipping 
angles of the precessing magnetization, in which the HPD'~'  is stable, is 
largest: 1 cos < 1/14. 

4-2 
cos B=s, < - 

2q-t- 2 

and cos Q, = 1. In the free precession after the rf pulse the 
state with any value of magnetization within this range is 
stable to phase separation, since the energy in this state 

is a concave function of s,. From Eq. (4.7) one can find the 
following relation between the magnetization and the res- 
onance frequency of precession in terms of the dimension- 
less frequency shift w: 

1 W 
S = -- 

= 2(1 +q) -2(l+qIi ' 
(4.8) 

HPD(') exists at the frequency shifts w > wBS= 1 -q2. On 
the other hand, at large frequency shift, which corresponds 
to the large tipping angle P, HPD(') becomes unstable to 
deviation of i from the field direction (see Fig. lc). This 
means that the HPD(') state never exists (see Fig. 2) for q 
small enough. 

The other states result from the left valley of the dipole 
energy profile on Fig. 1. 

(iv) Reversed Spin Domain (RSD). It has an inverse 
direction of magnetization, s,= - 1, and a transverse or- 
bital momentum, 1,=0, while Q, is arbitgry in this 
domain.18 The dipole energy of this mode is ~y~ = 3/4. 
This state cannot be stabilized by a cw rf field: it cannot 
pump power from the rf field since the transverse magne- 
tization is absent. The decay of this state can occur for 
example in the following way: The reversed orientation is 
preserved, while the magnitude of the spin decreases. 

(v) HPD(~)  state. This is the mode with reversed orbital 
momentum, I,= - 1, and arbitrary Q,.18'19 Its energy 

is a concave function of s,, which means that this state is 
stable to phase separation and thus can homogeneously 
precess in the cell. The longitudinal magnetization and the 
normalized frequency shift are coupled by the following 
relation: 

One can see from Fig. 1 that in some region of m~gnetiza- 
tion HPD(~)  is unstable towards the deviation of 1 from its 
antiparallel orientation. Figure 2 shows the region of sta- 
bility of HPD(~). 

(vi) At small fields when the gap deformation can be 
neglected there is a mode situated between the RSD and 
H P D ( ~ ) . ' ~  In this state cos Q,= - 1 and 1, changes between 
0 and - 1 while s, changes between - 1 agd 0 according to 
equation ( 1 -s,) ( 1 - 1,) =2. Its energy, F,(s,) 1 ,= , = 3/4, 
does not depend on s, and therefore in a free precession it 
is separated into RSD and HPD(~) .  At finite gap deforma- 
tion this solution disappears and the energy barrier appears 
between RSD and HPD(~) .  

It is worth mentioning again that the energy corre- 
spond to two different classes of solutions of the Leggett- 
Takagi equations for the precessing order parameter. The 
first one is the analytical Brinkman-Smith solution, which 
corresponds to the walley HPD(')-BS-NPD. The second 
class of solutions, which correspond1 to the walley between 
RSD and HPD, has been recently found in numerical 
sir nu la ti on^^^. 

5. TWO- AND THREE-DOMAIN PRECESSION 

In pulsed NMR experiments the total magnetization in 
the cell is determined by the magnitude and duration of the 
pulse. In an applied-field gradient the total magnetization 
is redistributed in the cell to produce one, two, or even 
three domains of the stable or metastable phases of preces- 
sion. This is analogous to the separation into a gas and a 
liquid in the presence of the gravity field. Since there are 
several phases of the precession (NPD, HPD('), HPD(~) ,  
RSD), the formation of this phase domains is determined 
by the total magnetization, by the field gradient, and also 
by the characteristics of the rf pulse. Anyway, in equilib- 
rium the precession frequency w is constant along the 
whole sample. This results from the spin stiffness which 
establishes the coherence of the precession phase a,. The 
nonequilibrium situation, when the domains have different 
frequencies, is discussed in the next section. In the pulsed 
NMR the magnetic relaxation leads to the slow drift of the 
domain boundary, while in NMR the two-domain preces- 
sion is stabilized by the rf field: The frequency of rf field 
defines the position of the interface and the power supply 
compensates for the energy dissipation. 

Let us now consider which domains can coexist with 
each other and where is the position of the domain bound- 
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ary within the cell. The conditions for the coexistence of 
two precessing states in equilibrium are equivalent to that 
of the gas-liquid system, and are obtained from the latter 
by substitution p-+ --w, p+S, (p is the chemical potential 
and p is the mass density): 

w1=o2=-w, (5. la)  

El (SI,) +wS1,=E2(S2,) +as2,. (5. lb) 

This means that the contacting states should have the same 
precession frequency at the domain boundary and the same 
potential 

where the energy density E(S,) includes the Zeeman and 
the dipole energies. The Eq. (5. lb), which corresponds to 
the requirement of pressure similarity on both sides of the 
liquid-gas interface, means that the sum of dipole and spec- 
trosopic energies should be equal on both sides of the in- 
terface. 

Till now the only two-domains precession which has 
been dis~overed',~ and intensively exploited is the preces- 
sion with the NPD and HPD(') in the cell. From Eqs. 
(5.1) one finds that the interface between these states 
should exist in a place of the cell where the frequency of 
two-domains precession is shifted from the local Larmor 
frequency -wL(r) by the value [in the normalized units of 
Eq. (4.4)]: 

At low gap deformation where qz 1 this corresponds to a 
zero frequency shift. 

In principle other pairs of states can coexist. As follows 
from Eqs. (5.1) the interface between RSD and HPD(') is 
positioned in the place where the local frequency shift is 

and the interface between RSD and HPD(~)  is at the place 
where ~ ( R S D - H P D ( ~ ) )  =O. For a long enough cell or 
for a large enough gradient the three-domain precession 
can take place18: RSD -HPD(') - NPD. This can occur if 
the difference in the local Larmor frequencies between the 
ends of the cell exceeds ~ ( R S D  - HPD(')) 
- W(NPD-HPD'~)) = (1 + q)(3q - .Im). 

For a weak field, an interface between NPD and RSD 
is impossible, since it can occur at w =O, where the stability 
of both domains is marginal. At large gap deformation, i.e. 
at small enough q, an interface between NPD and RSD 
becomes possible. The frequency shift of the precession 
with respect to the local Larmor frequency at the position 
of the interface, which is found from the general conditions 
(5.1), is 

To ensure stability of NPD, this frequency shift should be 
smaller than the frequency shift of BS state, wBS= 1 -q2. 
This gives the condition q < @, at which the coexist- 
ence of these domains can take place. It is worth mention- 

ing that the formation of a dynamical two-domain struc- 
ture with opposite orientations of the magnetization was 
proposed to explain the results of the NMR experiments on 
the spin polarized 3 ~ e - 4 ~ e  solution, where the long-lived 
induction signal has been observed.21 Since each of two 
domains has no transverse magnetization, the long-lived 
signal is assumed to be radiated by the transverse magne- 
tization within the domain boundary, which moves slowly 
along the cell in the process of the magnetic relaxation. 

6. SPONTANEOUS AC JOSEPHSON EFFECT: DOMAIN 
BOUNDARY AS A WEAK LINK 

In the two domain precession the position of the do- 
main boundary in the cell defines both the total spin 
Sz= JdVS, 

and the total energy, E=SdV E=FD-wtS, 

of the two-domains precessing state. Here V1 and V2 are 
the volumes of domains, with V1 + V2 = V being the total 
volume, and FD= SdV FD is the total dipole energy of the 
system. When the domain boundary sweeps the cell the 
energy FD changes as a function of the total magnetization, 
F --Feq(Sz), which is believed to hold for the 

D- (l? HPD - NPD interface at T > 0.3 T ,  . 
However, at low temperature the situation can change. 

In the pulsed NMR the state that forms just after the rf 
pulse appears to depend on the starting conditions defined 
by the texture of the i vector. We may suggest that the 
short but powerful rf pulse deflects th: magnetization, pre- 
serving the initial local direction of I. As a result the ob- 
tained state has an excess dipole energy compared with the 
equilibrium energy corresponding to the obtained magne- 
tization: FD> Fe,4(Sz). At high temperature the excess of 
the dipole energy swiftly relaxes due to the Leggett-Takagi 
dissipation mechanism, but at low temperature the system 
can live a long time with the excess of the dipole energy. 
What is the configuration of the precessing state in this 
regime? 

Let us consider for example the case of an 
HPD(')-NPD interface, for simplicity in the limit of a 
small gap deformation. The magnetization and the dipole 
energy of the NPD are fixed, S1,=S and FID(S1,) =0, 
while those of the HPD(') in equilibrium with NPD are 
S z =  -S/4 and q % = O .  The total dipole energy for the 
equilibrium two domain precession is thus zero, Fe;=O. 
Therefore any nonzero value of the dipole energy, F&O, 
gives an energy excess. Applying Eqs. (6.1 ) and (6.2) one 
can find the position of the interface (or the relative vol- 
ume of one of the domains V1/V) and the magnetization in 
the HPD(') in terms of the energy excess. This gives the 
following precession frequency of HPD(" 
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FIG. 3. Coexistence of HPD'" and HPD(,) in the regime of the energy excess. a)  Position of the domain boundary in terms of the normalized 
longitudinal magnetizations s,, and s,, of coexisting domains. The volume V, is occupied by HPD'", while the rest volume V2= Vl is occupied by 
HPD(~) .  b) Average spin in the cell %= (sl,Vl+s2,V2)/V. C)  The dipole energy of two-domains texture averaged over the cell, F d V ,  in the dimen- 
sionless units of Eq. (3.2). d) The jump of the precession frequency, wl -w,, at the HPD(')-HPD(~) interface in the dimensionless units of Eq. (4.4). 

where f is a dimensionless parameter related to the total 
excess of the dipole energy FD= v4/3xi12& and Zz de- 
scribes the magnetization averaged over the cell: 
SJ V = X B ~ .  It is important that the calculated precession 
frequency of HPD(') does not correspond to the frequency 
w, at which there is an equilibrium contact between NPD 
and HPD(~): o(HPD1) > wL , whereas the frequency on 
the NPD side should be less than oL due to the stability 
requirement. 

This means that in the general case of two-domain 
precession in the regime of the excess of the energy, the 
two domains have different frequencies, i.e. there is a spon- 
taneous jump of the precession frequencies at the domain 
boundary. This jump leads to the same ac Josephson effect 
as in the case of the applied voltage across the weak link in 
superconductors: the phase slippage occurs within the in- 
terface, and compensates for the difference in the winding 
rate of the precession phase al on both sides of the inter- 
face. Due to dissipation which accompanies the phase-slip 
process the excess FD of the dipole energy relaxes and the 
precession frequencies of the domains become equal. After 

that the conventional equilibrium two-domain precession 
takes place. 

The spontaneous frequency jump, accompanied by the 
phase slippage on the domain boundary, provides the pos- 
sibility of coexistence of the domains, which cannot coexist 
in a conventional equilibrium situation. In particular an 
HPD(')-HPD(~) interface becomes possible. This situation 
can occur in pulsed NMR due to the i texture which is 
usually present in the nonpre~essin~g state because of the 
normal boundary conditions on the I vector. If the strong rf 
field is applied in a short pulse, the ? texture is not dis- 
turbed just after the pulse. As a_result the HPD(') should 
be formed in the region where I essentially deviates from 
the field direction (near the side walls of the cylindrical 
vessel), while in the region of small deviation (near the 
axis of the vessel) the conventional HPD(') is formed. Fur- 
ther developement depends on the complicated dynamics 
of the phase-slip boundaries between HPD('), HPD('), 
NPD and RSD. 

How to find the position of the interface between two 
precessing domains and the values of magnetization in the 

799 JETP 76 (5). May 1993 Yu. M. Bunkov and G. E. Volovik 799 



domains, S1, and S2, in the regime of the energy excess? 
The Eqs. (6.1 ) and (6.2) provide only two conditions for 
three variables, V1, S1, and S,, The third equation should 
be related with the local stability condition for the bound- 
ary position. This is Eq. (5.lb), which ensures equal pres- 
sure on both sides of the interface, while the Eq. (5.la) 
cannot be satisfied in the regime of the energy excess. This 
just means that the difference in the precession frequency, 
wl -02, appears across the domain boundary. Conse- 
quently the phase slip processes with the period 
27r/) wl - w2 1 take place. The Lagrange multiplier w is: 

To solve these equations let us invert the problem and 
minimize the potential E+oS, at fixed frequency jump 
w1 -w2. In this case one obtains the energy excess in terms 
of the frequency jump. This corresponds to the physical 
situation when the frequency jump is supported by the 
applied rf field in the same manner as rf field supports the 
voltage in the Josephson junction in superconductors pro- 
ducing the Shapiro steps. The frequency jump should be 
related to the frequency wry of the rf field as 
wl-w2=nwrf, with integer n. In the typical experimental 
situation the applied rf frequency should be - 1 kHz 
which is rather small compared with the precession fre- 
quency - 1 MHz. 

In Fig. 3 we show the position of the 
HPD"'-HPD(~) interface, the total magnetization and 
the total energy in terms of the tipping angles of magneti- 
zation, st, and s2, of HPD(') and HPD(~) coexisting in the 
regime of the Josephson effect. The region of slZ and s, 
where such coexistence is possible is defined by the follow- 
ing relation: 

which should be strengthened by the local stability condi- 
tions for HPD(') and HPD(~) 

Heres,, = -(7 + m ) / 4 0 a n d s 2 ,  = (@-- l)/lOare 
critical values at which the deviation of the I vector from 
the parallel orientation in HPD(') and from the antiparal- 
lel orientation in HPD(~)  becomes energetically favourable. 

In the regime of the decay after the rf pulse the total 
spin and the dipole energy excess are given. They define the 
magnetizations of domains, sl, and s2, These are found by 
intersecting the surfaces on Fig. 3b and Fig. 3c by the 
planes of constant S, and F,. The interface position and 
the frequency jump are then determined from Fig. 3a and 
Fig. 3d. In the process of energy relaxation the two- 
domains solution vanishes. 

If the frequency jump can be stabilized by an rf field 
with low frequency corresponding to the radiation from 
the Josephson junction (domain wall), then the total spin 
and ol -a2 are fixed. The magnetizations st, and s, are 
now found by intersecting the surfaces on Fig. 3b and Fig. 

3d by the planes of constant S, and w1 -w2. After that the 
interface position and the dipole energy are obtained from 
Fig. 3a and Fig. 3c. 

7. DISCUSSION 

The possibility of the existence of two-domain struc- 
ture in the regime of an excess of the dipole energy at low 
temperature agrees qualitatively with the recent experi- 
ments made at T - 0.12 T ,  . In these experiments, a com- 
plicated behavior of the long-lived induction signal was 
observed. In particular, the observed beating of two fre- 
quences at the first stage of free precession can be com- 
pared with the different frequencies of the domains, 
HPD(') and HPD(~), which can coexist in the initial re- 
gime of the energy excess. Note that experimentally the 
signal which survives after the complicated reconstruction 
at the first stage and lives long in the final stage of preces- 
sion has the higher frequency. This corresponds in fact to 
the HPD(') which should remain after the relaxation of 
excess energy. It was also shown that the properties of the 
signal essentially change from run to run at the same ex- 
ternal parameters of NMR (amplitude, frequency, and du- 
ration of the rf pulse). This can be related to different 
textures in the i vector before the rf pulse is applied, and 
therefore to different excesses of the dipole energy over the 
equilibrium level. The latter should lead to different sce- 
nario of the formation of the coherently precessing states 
and different processes of the relaxation of magnetization, 
and also to the formation of different i textures to the 
moment of the next exciting pulse. 

Although a direct comparison of the theoretical and 
experimental results on the long-lived signal at low tem- 
peratures requires further theoretical and experimental ef- 
forts, the qualitative picture of the behavior of the coherent 
magnetization in the magnetic superfluid seems to be con- 
sistent with the experiment. If the interpretation of the first 
stage of the long-lived iduction signal as the ac Josephson 
effect, spontaneously arising at the interface between two 
domains, is correct, then one can try to stabilize this re- 
gime by application of an rf field whose low frequency wfl 
is matched to the frequency difference between the do- 
mains according to relation w ] - o2 = nufl. 
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sions and to the staff of CRTBT-CNRS, where this work 
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