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ABSTRACT

It is proposed to use an antiferromagnetics with the

«easy plane» anisotropy as axion detector. It is shown

the response of the detector is proportional to the ratio

of the Dzyaloshinsky field to the external magnetic

field what allows an increase in the restriction of axi-
on-electron interaction constant.

© Hucruryr adepnoii ¢pusuku CO AH CCCP

1. INTRODUCTION

The discovery of long-range forces mediated by massless or very
light pseudoscalar particles (arions and axions) would have signifi-
cant meaning for the formulation of an adequate cosmological
model as well as for the study of physics in very small distances. A
survey of the stole of experlmt,nts in search of some «exotic»
long-range interactions is given in [1].

Interaction of axion field a with fermions v is discribed by Lag-
rangian:

Lm‘e:—-—qﬂﬁi?ﬁ’lb, {ll}

where ¢ is the axionic charge of fermion.

We will analyze the interaction of field a and a dielectrical mag-
net. Under relatively low energies, the axion can excite only the
spin degrees of freedom of electrons localized on the lattice sites. In
this limit, the effective Lagrangian describing interaction of the axi-
onic field with a medium, which follows from (1.1), equals to:

Lma=nV ari(F) . (1.2)

Here x=pq/pnp is ratio of the axionic magneton of electron, to Bohr
magneton, pa=g/2m., m. is the electon mass, ri(r) is the density of
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magnetic moment. (Under the derivation of (1.2) the equality
mebiy*h =0, py°y"p +A was used. Here A denotes the ignored here
contribution of the axionic anomaly leading to direct axion-photonic
conversion in the external field [2, 3]. See also [I1].)

Such a quasi-magnetic field Va can be in a static form and can
induce macroscopic magnetization in a paramagnetic sample separa-
ted from a ferromagnet by superconductive screen [4]. Experiment
[4] according to this scheme, have given a limit for the constant

x=<2-1077 (1.3)

On the other hand, in the papers [5, 6] it was proposed to gene-
rate and detect the dynamical axionic field in ferromagnets. The
efficiency of this experiment is provided by the existance of the cros-
sing point of the axion and magnon dispersion curves. In paper [6],
a detailed calculation of coefficients of axion-magnon and double
magnon-axion-magnon conversion in a ferromagnetic medium was
carried out. (At the same time, as [5] it was proposed in [7] to
detect galactic axion with wave length from 10 to 100 m using its
resonance interaction with a uniform ferromagnetic precession.)
Excited in a ferromagnetic detector [5, 6] magnons can be registe-
red through coupled with them eleciromagnetic oscillations. The
quantity of such photons is proportional to »*.

The independent way to determinate the number of excited mag-
nons is to measure the variation of the macroscopic magnetic field
(being proportional to magnetization) by SQUID magnitometer. It
is known, however, that for such a measurement it is more effective
to use anti-ferromagnets (or weak ferromagnets) with anisotropy of
the type of «easy plane» and the strong Dzyaloshinsky field H,
(see, for example [8]). In thise case, the weak ferromagnetic
moment taken away by one excited (quasi) Goldstone magnon may
be more than the order exciling pgz (which was used in the work
[8]).

In the given paper we study the possibillities of such an anti-fer-
romagnetic axion detector. We are convinced that the response to
the axionic signal measured by SQUID contains the factor of en-
hancement H,/H,, where Hy is external magnetic field. Additionaly,
an experiment of the type [5]. Using generation and detection of
axions we may restrict by two orders the limits on the constant x.

2. AXION-MAGNON CONVERSION IN
AN ANTI-FERROMAGNETIC MEDIUM

Let M, and My denotes sub-lattice magnetization of an anti-fer-
romagnet, M, =M, A, Mﬂ——MD—I-'ﬁm, where 2M; is an equilib-
rium value of anti-ferromagnetic moment, and i, are dynamical
variables of medium. Let the z-axis be directed along M, and
| f1iy,2| €« Mo. Then the transition to canonic variables C;, Cy (see, for
example [9]), is realized with the substitution. (Here the high non-
linearities are omitted.)

Mis-+im, = C1y/20n (l 4Mn 24 )
Mgy — ng”—ﬁg \ 20 (1 CJ)

mnzngﬂ; g=2M3fﬁEEﬂ2TL'2‘3,

my=—gCiCi; me,=gC3C,. (2.1)

(The classic analog of the transformation of Holstein — Primakoff.)
Density of energy oi isotropic exchange interaction has the form:

For=aM Mo+ pa; iy 8; s (2.2)
For the wave length ol interest to us, the contribution of nonhomo-
geneous exchange can be neglected so that
Hoer2aM M, .

We consider here crystals with «easy plane» local anisotropy.
Density of energy for such anisotropy, according to our choice of
coordinate axes, is equal to:

i
Fq= 5

1.r+ 2x} {23]

where £2, is the corresponding frequency. Finally, the Hamiltonian
density of Dzyaloshinsky interaction has the form:

Ty = 22 (M1, My, — Mz, My,). (2:4)

If the substitution (2.1) is fulfilled in a total Hamiltonian
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H—=FH o+ H o+ F -+ Fo, then we find that hp contains linear in
C,2 terms.

So, the configuration Cy=Cy=0 is not a vacuum. The transition
to variables describing the oscillation of systems near real equilibri-

um is realized, by the displacement:
Cl—+C|—1—lﬁ, CE_'}'EE__Eﬁr

Rl L /{; Hr;"‘Hﬂ
e i _\/ i S o {2'5}

It corresponds to noncollinearity of sublattices in the ground state
and the appearance of a weak ferromagnetic moment along the
y-axis. Cubic terms of Hamiltonian after displacement (2.5) give a
contribution to quadratic terms, which we give in final form:

FH=aw,(C)Ci+C: C2+ CiCa+Ci1Ca) +
+sza(t:; 9 1 ord pA %(frﬁr Ci+c.c) )+
+ aplg’ {4{{:‘; Ci+ C3C2) +(C1Ca+c.c.) —
- —}{C?—i—()é—l—c.c,} - —2—-(6?&—1—2.{:.) }—
—4a g?BB((C} C1+ C5 C3) +(CiCa+c.c.) —(CiCa+-c.c.)) . (2.6)
Here «c.c.» represent complex conjugated parts
i L i 1D
o 2 _\/g EWm b
Diagonalization of Hamiltonian density (2.6) is realized by canonic

Bogolubov transformations. Under our conditions the lowest frequ-
ency mode corresponds to the amplitude d,, for it:

di=ub+uvb'; FH=wb'b,
wp=— V‘ﬂn(ﬂu‘i‘gﬂ} 5
Qo=gHo; Q=ghp; (2.9)
| i s 1 =
um g +VE):  vm— (=),
were
2

W 4o’ M?
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We have used the inequalities cwm>>Qa, aon>Q, > Qy realized
when the external field is not too large (for example in FeBOs:
Hp==2100 kGs).

The expression for the Hamiltonian of interaction of the axionic
field with the field b follows from (2.1) and for the case of axionic
waves propagating along to z-axis has the form:

V=i2 gPnd.a(u—v)(b—b") =2 g~ /*d.ab—b").  (2.11)
It follows from (2.11) that monochromatic axionic wave with

frequency wo and amplitude ao excites the spin wave with the ampli-
tude

bo=i2 gpx— £~ '"aq, (2.12)
v
where y is the relaxation frequecy of the spin wave. The correspon-

ding change in static ferromagnetic moment in terms of the Hamil-
tonian C;, C2 has the form:

A B W
Aty M, © \/;

Considering excitation of the lowest mode (2.12) only taking into
account only resonance terms, we arrive at:

(4(C} C1 4 C3C3) —(Ci+ C3+cc)) .  (2.13)

AMy~ — Miﬂ g \f‘;—"’ (u”—kv"‘—ua} b obo=

3 2 : 2 '
s P s (ﬂ) %% %2 (gao)? (ﬂ) HoZ Mot M. " (B.14)
¥ i

3 s
2 EM, ¥ Hy oon

L]

2

Decreasing the external field we can obtain a great value of the
ratio Hp/Ho and consequently, AM,. :

The linear response is enhanced for z component of the magneti-
zation, the amplitude m, is proportional to £~'/%:

mlee g2 2L £~ /2, (2.15)

5
In the case of infinite medium the oscillations of m. are pure longi-
tudinal and do not generate. However in a closed resonator of a

size comparatible with the wave length the coupling between elect-
romagnetic modes and longitudinal spin waves (2.15) can be of the
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order of one. It corresponds to the density of generated photon
energy:

2 2
6y 00 %? (@0g)? (ﬂ) L (Eﬂ—) M3 (2.16)
y / Ho \ow,

3. CONCLUSION

The anti-ferromagnetic detector can be used to search the relict
axion having a temperature ~1 K. Another application is in an
experiment of the type proposed in the work [5]: the spin wave oi
large amplitude in the first resonator, generate the axionic wave,

freely passes trough a superconductive screen and excites again a .

spin wave in the second (detecting) resonator. It is evident from
(2.15), that for the role of detector the anti-ferromagnetic sample is
more suitable, but the generator it is preferable to use a ferromag-
net. Indeed the spin waves in an anti-ferromagnet are much more
nonlinear that in ferromagnets ones [9], and different instabilities
develope under smaller spin wave amplitudes.

The meassurement AM,, with the use of SOUID of the sensiti-
vity 107" Hs.cm? will not increase the limit (1.3) on % noticeably,
and may be considered only as an independent experiment with the
given accuracy. It is more attractive to use closed resonators and
Ridberg photon detector.

We are gratelul to L.B. Khriplovich for his active interest and
support, P.V. Vorobyev and V.B. Cherepanov for useful advise and
many stimulating discussion.
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