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ABSTRACT. In strong magnetic field the fundamental differences between the properties of
superfluid *He-A and *He-B phases are revealed. The spin dynamics of the phases is investigated. It
is demonstrated that high frequency part of dipole-dipole potencials has essentially different
dependence on rapid angular variable o.(t). In particular, it is shown that in *He-A phase this
dependence even in different cases is always of integer multiple type, when in *He-B phase, except
integer, there exist fraction multiples. © 2019 Bull. Georg. Natl. Acad. Sci.
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In the present paper the fundamental difference between the properties of superfluid *He-A and *He-B will
be discussed. Our main goal is to describe the cause of the mentioned dependence. To analize this situation
we address first the order parameters of He-A and *He-B, which are based on the orts (ﬁ,é,f) and

( n, ﬁ,i ) in the spin and orbital spaces.

The superfluid *He-A in the “antiferromagnetic” configuration is described by the order parameter

A, =%{AM (d +ié)ﬂ +A,, (é’—ié)y}(ﬁaﬂﬁ)i e

i
In the zero magnetic field case A, =A; =A,(T), so that
A,ui = AA (T)d,lt (}’;’l +iﬁ)i eil :

The superfluid *He-B is described by the order parameter
1 5 A\ (A n s 7 ix
4, = 5 Ay, (d +l€)y (m—m)[_ +A, (d —le)y (m 'H"),- +Ay 8,0 pe”
In the zero magnetic field case A, =A | = A, =A,(T) and the order parameter of *He-B is

A=A, (T)(d m, +e,n, +sHll.)e”l .

u
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In using the relative spin-orbital 3D rotation matrix R(v,6) we have:

e =R .n s”:R.Z

w = A uitis
so that

A, =A, (T)RM (ml.mj +nn; +11, ) ,
because of the completeness of the orts ( n, ﬁ,f )

mm; +nn; +lilj = 5”

and for *He-B
A,ui = AB (T)R,Uz (‘5’9)6[1 :

Alternatively instead of the variables (v,0), the combination of the Euler triple angles (e, ,,7,) and

(a,.B,.7,) will be preferred.

After having described the main aspects of the order parameters, one has to introduce, as an important

content of our consideration, the dipole-dipole potentials of *He-A and *He-B.
Let us consider, in the first place, the dipole-dipole potential of *He-A.

2
o) A a2
u, :_%ZN[?AJ S » where fA=(d~l) » Hy=H,z

/ =(2 i)zcosgo
[, =1-I’ =sing
0<p<nrm

The spin-orbital function is:

fo=(d 1 +d1) =d?sin> p+d*cos’ p+d.d_sin2¢p .

In the Euler angles representation with (o, 8,7):

d =R, =%{(l+cosﬁ)cos(a+y)—(l—cosﬂ)cos(a—)/)},

d.=R_=-sinficosy.

X

()

)

€)

(4)

(52)

(5b)

In the strong magnetic field case (a)o =gH,>Q, ) the spin-orbital function can be decomposed as

fA :]7A+f:4(t)’

where the time-averaged (van der Pol) contribution is:

f.(B.®@) :i{[l+cosz ﬂ+%(l+cosﬂ)2 code)}li +202sin’ ﬂ}.
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With @ =a +y being a slow phase and rapidly time-oscillating part is given as:
~ 1
fi(1)= %{213 sin® B cos2y — [sin2 B(cos2a +cos2y) —5(1 —cos ﬂ)2 cos(2a — 27/)}lf _

—2sinﬁ[2cosﬁcosa +(1+cos ) cos(a +2y)—(1—cos ) cos(a —27/)]lllz} ) (8)

After having used the substitution y =—a+®, from Eq. (8) it is concluded that in the (a,(b)

representation
f.(t)= 1, (a. @) =%{2lf sin® 8 cos (2a —2®)
—[sin2 B(cos2a +cos (2a - 2@))—%(1 —cos ) cos(4a - 2@)} I -
—2sinﬁ[2cosﬁcosa +(1+cos f8)cos(a —2®)—(1-cos B )cos (3a —2®)]lllz} ) )

In Eq. (9) two angular variables appear: rapid a(t) and slow @ . To exclude slow variable, it is

necessary to know the meaning of its stationary value. This value is established as a result of minimization
of van der Pol part of spin orbital function. In the case ® = +y, the stationary quantity @ = (0,77:).

After substitution of this quantity, we have:
f()=f(a,@,) = f,(a,2a,3a,4a). (10)

On the other hand, at & = o + 2y being a slow phase, in using the substitution 2y =—a +® instead of
Eq. (8) it is concluded that

7 (a,d~>) :%{[%(l+cosﬂ)2 cos(a +(f))—sin2 ﬂcos(a —cf))}lj -

—41,1_sin Bcos fcosa — [lf sin® B cos2a — 21,1, sin B(1 —cosﬂ)cos(Za - &))J +

+217 sin’ ﬂcos(a —&))+%li (1-cos )’ cos(3a —&))} . (11)

- |7 [.>0
In this case the stationary value depends on the signon of lz and D@, {O lL 0 Substituting this value
<

in Eq. (11) we concluded that
7 (a,chw)zfA (., 20,3a) . (12)
In comparing Eq.(10) and Eq.(12), it is noticed that at ® = o +2y as a slow phase, the rapidly time-

oscillating part of fA (l) lost the 4o component.

Now we pass to consider the structure of the dipole-dipole potential of He-B phase

2 2
2 Q . 1
Up :EZB [?Bj fp> with  f} :(TrR_Ej : (13)
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The 3D matrix R describes relative rotation of the spin and orbital spaces: R = ﬁsﬁgl. In what follows,

the triples of the Euler angles (a,, 8,7, ) and (a,,,,7, ) will be used. The crucial role will be played by

the variables:

a=a,-a,, y=Y,~V,, S,=cosf, [ =cosp,, sl:wll—sf . (14)
The spin-orbital function f, in the strong magnetic field case can be decomposed as usually:
fB:fB+fB(t)' (15)

Of special interest is the case of o +2y = @, where
Iy (t)=831 {%(cosZa +c0s2y )+cos(a +7)+cos(a —}/)}+
+(Szlz _%j{ZSLZL (cosa +cosy)+(1+S.)(1+1 )cos(a+y)+(1-S.)(1-L )cos(a+y)}+
#1145 (1+L) cos(2a+27)+ (1-5. ) (1-L.)’ cos (2a~27)} +
{ z z z z
+%Slll {(1+SZ)(1+IZ)[cosa +cosy +cos(2a+y)]+(1-S,)(1-1)[cosa +cosy +

+cos(2a—y)+cos(a—2y)]}. (16)

Excluding y according to the substitution y = —

D .. . = .
it is found that in the (a,CD) representation

fy(a. @)= cosa{3Szlz (1—Sf)(1—lf)}+cos(a +<f>){é(l+Sz ) (1+lz)2}+

+Cos(a_é){%(l_gf)(1_13)}+c0s2a{%(1—53)(l—lf)}+

1

coos(aa- @)L IS0 0- 8,1 -@) L5,y (-1 |+

S R e L ([
2 l-52)0-2)+( s -2Ju-s)0-0))

reos XX (=S -] 0500+

5a+(i){1

PS50} a7

o+
+Cos

3a
+cos

+Cos

In this case @, =7 and consequently
a a = = 1 3 5
[ ()= fy(a.®,)= 7, (a,Za,3a,Ea,Ea,Eaj. (18)

It is seen that in contrast to fA (t) in fB (t) the fractional components appear, which are absent in

3He-A case.

This fundamental difference between the behavior of *He-A and *He-B at ® = & +2y can be found in

the publication by G.Kharadze, N. Suramlishvili and G. Vachnadze [1,2].
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‘He-A @9 *He-B 99@965000 5359800 850s¢o Lobdomo
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* 03069 x935b0030¢m0l 0doeroliol bsbgemdfogm #960396LoGIAH0, 9. sb6GMb0358030¢m0l bsb. BoboZ0bL
0bbHod2IH0, 0d0oerobo, bogstGoggemm

**9350090000b [9360, 03569 33500830000l 08ocmoliol bobgerdfogem »bozgmbodgdo,

9. $600b035830¢m0b bsb. 30b00L 0bLBHOBHO, 080colOo, bogstGo39¢m

350mgmmgbogmos *He-A @5 *He-B bgogbso gsHgdol mgolgdsms gmbosdgbdmmo bsbosmols
356Ubg390s. g9bboEmEos 53 BsBYdTo L3OO E0bsdos deogh dsgbodwm 3g9emdo. 6sBgzgbgdos,
60 ©EO3mE-©Eo3mmmo  3mdgbiosmol  dsmsro  LobdoMmmo  (Mbgowsgom®o) bsfiogo
060083b9¢rm3bs 29blbgsgg0mmEss ©M30EIdIEo LMY 3Mobmm (33emsby. BaBggbgdos,
6m0 *He-A @sHsdo gl ©s9mIoEIdMengds bbgsslibgs 8g0mbgggsdos 30 ymagumgol dogamo
60o3bz0ol X 9Ms0s, 35806 HrmEglss *He-B g3sBsdo domgamo Hogbgmgsbo §gztgdols 4sMs sGligdmdl
fomao Gogbzgdol xgMswo §ggdgdog.
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