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ABSTRACT

Magnetic monopoles captured in the core of the sun may give rise to a sub-
stantial flux of energetic neutrinos by catalyzing the decay of solar hydrogen.
We discuss the expected neutrino flux in underground detectors under different
assumptions about solar interior conditions. Although a monopole flux as low
as Fig ~ 10724 ctn—? sec™! sr—! could give rise to a neutrino flux above at-
mospheric background, due to MM annihilation ihis does not translate into a

reliable monopole flux bound stronger than the Parker limit.
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Since they were first demonstrated to be generic features of grand unified
theories, magnetic monopoles have been of enduring inieresi Lo theorists and
experimentalists alike. Since a new generation of detectors, designed in part
to search for these objects, is now being completed, it is usclul to review the
current limits on the monopole abundance. The strongest astrophysical bounds
on the flux of superheavy monopoles come from the survival of pulsar magnelic
fields!"! Fay < 10724 cm—2 sec! sr—?, and from monopole-catalyzed nodleon do-
o |

cay [Callan-Rubakov effect) in neutron stars Fpogs 51072 ecm Zsee Dsr

or Frgo2g $ 10728 cm~2 sec! st~ if main-sequence capture is included rl [here
the catalysis cross-seclion 0. = 02310728 e¢m?). These limits rely to some extent
on untested properties of neutron stars, so it is natural to consider a better under.
stood system which we can observe at close range, like the sun. Tn particular, it
has been suggested that the Callan-Rubakov cffect in the solar interior cauld give
rise to an observable high-encrgy neutrino signal in underground detectors!
yielding a limit on the monopole flux comparable to (and more rcliable Lthan) the

neutron star bounds!“In this talk, I review the expected neutrino signals lrom

solar monopoles and critically examine the proposed limits.

We must first estimate the monopole population in the sun. The moncpole
stopping power in a stellar plasma is roughly ted dE/dz >~ 10(g/9p)p(tmor/c)
GeV cm~!, where (g9/gp) is the monopole charge in Dirac units and p is the
density in gm cm 3. From this, one can show ®'that the initial kinetic cnergy of
the fastest monopole that can be caplured in stars is ImvZ, < 2.4 < 10! (g/gp)?
GeV, approximately independent of steliar mass. Thus, a signilicant {raction of
monopoles with the galaclic virial velocity, v, = 107 %¢, are caplured if their
mass m 5 5 x 10'7(g/gp) GeV, which includes typical GUT-scale monopoles. A
detailed calculation shows"'that the total number captured over the lifetine of

the sun is Ng'? = 3 x 101! Fjy, where Fy is the galactic monopole flux in em 2

sec! sr—l.
Once captured in the sun, monopoles sink te the solar core, where they

efliciently destroy nucleons. Given a solar nucleon density n,,, the catalysis rale




per monopole is just n, (o.v). Since the typical energy released in a catalysis

reaction is of order the nucleon rest mass, the resulting neutrino flux at the earth

is approximately
- NEmpamac? (ocv) |
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where /. ~ 1 is the average number.of nentrinos produced per nucleon decay,
{E,} ~ 200 MeV is the average neutrino energy, and R,, = 1.5 x 10'2 em is the
mean earth-sun distance. The catalysis cross-section is expected to scale as v—1,
which would yield {(ov/c} = 0951072 cm?. However, Arafune and Fukugita '
found that the cross-section on hydrogen is enhanced by a velocity-dependent
factor F(v/c) ~ 170(10"*¢/v). Usingv/c ~ 10~3 for nucleons in the solar interior

{the monopole thermal speeds are negligible), from Eqn. (1) we find an expectod

neutrine flux F5*' ~ (N3 ™"oz/10'7) em % sec™!. Using the limit on the flux

of high energy ncutrinos from proton decay detectors, #,(F, 2 200 MeV) S 1

cm~ % sec” !, we obtain an upper bound on the number of monopoles in the sun,
Ncr';mna,‘n‘ < “)l7 . (2)

Il we assume Lhe number of monopoles in the sun s just Lhe nomber captured,
Npwm NG~ 107 2y, we find the stringent “solar catalysis flux bound”
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The final assumption above, while seemingly plausible, neglects the Tact that
monopoles and antimonopoles in the sun are likely to annihilate each other. Since
they are so heavy, monopoles clister deep in Lhe core; the characteristic radius
of the solar monopole distribution supported by thermal pressure is only rpgp =~
I(lllmm"’ 2 cm, where Lhe monopole mass mag 610" GeV. For conditions in
the solar center, it turns outl that Lthree-body annihilation processes (lnmitm.l.e:.rl
with cross-section {G.nnv) = an,;,'l 2 5(kT) =92 2 9x 10 2m,*npgseci.
The solar monopole number approaches a fixed point where the annihilation

and capture rates balance, given by N3** = Nry = IO”mfalle;fa < NG,
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Combining this with the limit of Eqn. (2) yields a much weaker but more reliable
solar catalysis bound on the monopole flux, Fyrozg $ 1071° em 2 sec™!
[see Fig. 1]). Note that this is comparable to the Parker bound!"” Fps < 1016

em~2 sec™! st—}, comirg from the survival of the galactic magnetic field.

sr1

If M A annihilation is so prolific in the sun, we may wonder whether annihila-
tion rather than catalysis could generate an observable neutrino signal. The neu-
trino flux from monopole annihilation is obtained from Eqn. (1), with the replace-
ments n, — Npr, My ~+ MM, O~ Tann, fo =+ fann, and using NZ°" = Npy.
Assuming fann ~ 1, we find 2 neutrino flux FAr" o~ m?éz(FM/IO“w)’/“. Again
applying the detector limit on high energy neutrinos, one obtains a “selar anni-

hilation bound’ comparabie to the Parker limit.

Far completeness, we should note that the occurence of MAf annihilation in
Lhe sup itsell depends an unknown conditions deep in the solar core. For example,
a static magnetic fickd of strength 8 2 400 Gauss would separate the monopole
and antimonopole distributions sufficiently to prevent annihilation. Such a ficld
would have to be primordial (ne dynamo operates in the convectively atable
core) and would have to have a coherence length { 2 10% cm in order to be stable
against resistive decay on the solar lifetime.  In addition, since magnetic flux
tubes are buoyant and gonerally diffuse toward the stellar surface, the leld inust,
be sufliciently weak Lo be anchored af the center for 107 years, Although this
iz a possible mechanism for MM scparation, and might lead Lo a large neutsino
signal from catalysis, it is by no means highly probable. As a result, maguetic

ficlds cannot be invoked to ‘save” the more stringent solar catalysis hound.

We conclude that underground observations of the high energy nentrine flux
place bounds on ihe solar monopole abundance which are compaetitive with the
IParker limit. These solar bounds cannot reliably be made more restriclive, In
particular, they do not preclude the direct detection of monopoles by large detec-
tors such as MACRO. On the other hand, if magnetic fields separate monopaoles

pL |

from antimonopoles in the solar core, a monopole flux as low as Fag ~ 10



cm 2 sec™! sr~! would generate a high énergy neutrino flux from catalysis

which should be separable from atmospheric background.
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FIGURE CAPTIONS

1) The solar monopole abundance as a function of the monopole flux. Ng¥
is the number captured over the solar lifetime, and Ny is the equilibrium
sclar abundance taking annihilations into account. The long horizontal
line is the solar catalysis limit; the short horizonial shows the neutron star

catalysis limit for comparison.



NUMBER OF MONOPOLES

1025

1 020

l
|

\y

MONOPOLE FLUX (em™@

Fig. 1




