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The observation of slow, heavy monopdtésvould be of fundamental significance
for elementary particle physics and cosmology. However, most modern detectors possess
a low efficiency when detecting slow monopoles with velocitiégs<10 * (Ref. 3. For
this reason, for both detector physics and astrophysics it is of interest to consider different
mechanisms of the interaction of monopoles with matter.

In the present letter we study the passage of a slow monopole through a magneti-
cally ordered medium. In this case the main mechanism of kinetic energy loss is Cher-
enkov emission of magnons. This is because the phase velocities of magnons reach zero
and the monopole—magnon coupling is linear and large.

For definiteness, we shall study a ferromagnet but the estimates obtained below are
more general.

The magnon Hamiltonian in the presence of the magnetic field of a moving mono-
pole can be written in the form

H=> hoalac+ Y (fee  al+c.c), (1)
X K

wherea/ is the creation operator of a magnon with wave vedtpiw, is the magnon
dispersion law,Q)=k-v, v is the monopole velocity vector, anig is the coupling
coefficient between the monopole magnetic fiBle gV (1/r) and the magnon.

The energy of magnons emitted per unit time equals

_277

€= 7; oy fi|28(Qy— wy). (2

Let the velocityv of the monopole be directed along the spontaneous magnetization,
fixing the direction of theZ axis® Then
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wherea is the lattice constany is the volume of the sampl& is the spin at a lattice
site, andug is the Bohr magneton. Substituting expressiBnEgq. (2) for e becomes

20%u2S
= ng fd3kw
ach

The integration in Eq(4) extends over the first Brillouin zone.

kZ+kJ
L 8k — wy). (4)

If v=u, whereu is the velocity of magnons near the boundary of the Brillouin zone,
then the magnons with lardeare important. Then

(J)gzb)M
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where the frequency;M=47r,u§S/ha3 characterizes the magnetization of the medfum,
— 1 [d%;
w= Ef k_zka (6)
L
kK, = (ky.,ky), andw is of the order of the maximum magnon frequency.
For g>=4700 e?> we obtain

e=10°- Ry~wM(;T), (7)
wherer=alv is the characteristic interaction time.

Typical values for magnetically ordered dielectrics are 1072 s71, wy=10"11
s and forv/c=10"* we havee=10'eV/s, which corresponds to losses per unit
lengthdE/dI=10° eV/cm.

It is evident from Eq.(5) that the losses and dE/dI increase with decreasing
velocity v of the monopole. When the velocity becomesy <u, magnons from the
bottom of the spectrum make the main contribution to the losses. For them
= we(ak)?, wherewe, is the frequency characterizing the exchange interaétiahe
expressions for the losses now become
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As one can see, as the velocity of the monopole decreases, the energy losses per unit
length become constant. The characteristic values eaféwo,=102, and for v/c
=10 * anda=10 8 cm we havedE/dI=10° eV/cm.

It is evident from these estimates that the level of the energy losses of a slow
magnetic monopole in a magnetically ordered medium is comparable to that of the
ionization losses of a fast monopole. This opens up new possibilities for constructing
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detectors in the range/c<10~ 4. Conversion of spin waves into electromagnetic waves
makes it possible to register the passage of a monopole through a slab of magnetic
material by standard radio electronic means.

A detailed analysis of other mechanisms of the interaction of a slow monopole with
matter is given in Ref. 6.
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9The general case can be investigated completely analogously and the answer differs only by a numerical factor
of the order of 1.
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