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ABSTRACT 
If neutralinos reside in the galactic halo they will be captured in the Sun and 

annihilate therein producing high-energy neutrinos. Present limits on the flux 
of such neutrinos from underground detectors such as 1MB and Kamiokande II 
may be used to rule out certain supersymmetric dark-matter candidates, while in 
many other supersymmetric models the rates are large enough that if neutralinos 
do reside in the galactic halo, observation of a neutrino signal may be possible in 
the near future. 

The idea that a heavy (meaning more massive than the W*) neutralino^*1 — 
a linear combination of the supersymmetric partners of the photon, Z°, and Higgs 
bosons—makes up the bulk of the dark matter in the Universe and in the galactic 
halo has been the focus of much theoretical and experimental research recently?'*1 

Here we address the possibility of indirect detection of heavy neutralinos by 
observation of high-energy neutrinos from WIMP annihilation in the Sun. w 

First let us briefly review the supersymmetric model. The neutralino field 
may be written 

X = ZnlB + ZrtW* + ZmHi + Zn4H2, (1) 

where (Z)ij is a real orthogonal matrix that diagonalises the neutralino mass 
matrix and depends only on the gaugino mass parameter i f , Hjggsjpo mass 
parameter p, and the ratio of Higgs vaccuum expectation values tan/?. In Fig. 1 
we plot neutralino mass contours (broken curves) and contours of Z\x +Z^ (solid 
curves), the gaugino fraction, for tan/9 = 2 (plots for other values of tan/3 are 
similar). As noted originally by Olive and Sredniclri1'1 in much of parameter 
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space where the neutralino is heavier than the W, the gaugino fraction is greater 
than 0.09 and the neutralino is almost pure IMno, and in much of parameter 
space, the gaugino fraction is less than 0.01 and the neutralino is almost pure 
Higgsino. 

There are also three neutral Higgs bosons and the lightest, H$, is always 
less massive than the Z. The masses of the superpartners of the quarks and 
leptons, which we will collectively refer to as squarks, are all undetermined, but 
for simplicity we give them all the same mass Mf which, assuming the neutralino 
is the LSP, is greater than m%. 

In most cases of interest accretion of neutralinos from the halo onto the 
Sun and depletion from the Sun by annihilation come to equilibrium on a time 
scale much shorter than the solar age in which case the annihilation rate is given 
by the rate of capture. The capture rate for a specific model is determined 
by the elastic scattering cross section of the neutralino off of the nuclei in the 
Sun. Capture of neutralinos that are mixed gsugino/Higgsino states occurs by a 
coherent interaction with the heavier nuclei in the Sun in which the lightest Higgs 
boson is exchanged;14 since the lightest Higgs boson is always lighter than the Z 
capture of such neutralinos is efficient even for heavier neutralinos. If the squaxk is 
not much heavier than a neutralino that is primarily gaugino, then such a gaugino 
is captured by a spin-dependent interaction in which a squark is exchanged1*1 

with the hydrogen in the Sun. Neutralinos that are primarily Higgsino (or, if 
the squark is much heavier than the neutralino, neutralinos that are primarily 
gaugino) are captured by coherent scattering off of heavy nuclei, but capture of 
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such neutralinos rapidly becomes increasingly inefficient with increasing purity. 

To obtain the neutrino spectrum from neutralino annihilation in the Sun one 
must determine the differential energy flux of neutrinos at the surface of the Sun 
resulting from the injection of the particles (e.g., pairs of gauge or Higgs bosons 
or fermion-antifermion pairs) into which the neutralino annihilates in the core of 
the S u n . M 1 

The experimental signature on which we focus is the number of upward-
moving muons induced by high-energy neutrinos from the Sun that are observed 
in underground detectors. The 1MB collaboration has found an upper limit on 
the flux of upward-moving muons induced by neutrinos from the Sun with energy 
larger than 2 GeV of 2.65 x 10~ 2 m~ 2 y r - 1 , w (and similar, though slightly weaker 
limits have been found by Kamiokande II ). Supersymmetric models which 
result in larger fluxes are inconsistent candidates for the primary component of 
the galactic halo. In Fig. 2 the dark shading denotes the regions of parameter 
space excluded by this constraint. The light shaded regions are those that would 
be excluded if the observational flux limits were to be improved by a factor of 100. 
The curve inside the light shaded areas encloses regions of parameter space that 
would be excluded if current observational limits were improved by a factor of 10. 
To indicate the sensitivity of these results to uncertainties in the calculation, the 
dashed curve inside the excluded region indicates the region excluded if the true 
neutrino rate is only 1/5 as large as our calculations indicate. In (a) tan/9 = 2, 
mjji = 20 GeV, the squark mass is taken to be infinite and fi > 0, and (b) is 
similar except that y. < 0. In (c) tan/9 = 2 and m p = 20 GeV, in (d) tan/9 = 2 
and fnjj* = 35 GeV, and in (e) tan/? = 25 and mjp = 35 GeV. In (c), (d), and 
(e), the squark mass is assumed to be 20 GeV greater than the neutralino mass 
and only regions of positive fi are shown. 

From Pig. 2, we see that limits on energetic neutrino fluxes from the Sun 
already exclude many supersymmetric models with heavy mixed-state neutrali
nos lighter than about a TeV when the lightest Higgs is light and tan/? is small 
[Fig. 2(a), (b), and (c)], or when tan/9 is large [Fig. 2(e)], independent of the 
squark mass. Current neutrino-flux bounds are ineffective in ruling out neutrali
nos that are almost pure Higgsino or 2?-ino; however, if the observational bounds 
are improved by a factor of ten, far more supersymmetric dark-matter candidates 
would be observable. The rates from heavy B-inos are sensitive to the squark 
mass while the rates from heavy B-inos are relatively insensitive to the squark 
mass as may be seen by comparing Fig. 2(a) and Fig. 2(c). 

To conclude, we note that the properties of the heavy neutralino in many 
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2. Regions where the neutralino is excluded as the primary component of 
the galactic halo by limits on the flux of upward-moving neutrino-induced 
muons from the Sun. The dark shaded regions are those excluded by current 
1MB limits. The light shaded regions are those that would be excluded if 
current observational limits were improved by a factor of 100. See text. 



models are such that their capture and annihilation in the Sun yields an observ
able flux of energetic neutrinos. We also point out that in many models, a heavy 
neutralino may easily make up the primary component of the galactic halo while 
remaining invisible to neutrino detectors, so null results from energetic neutrino 
searches are not likely to rule out supersymmetric dark matter. Nevertheless, 
given the present uncertainty as to the nature of the dark matter, the popularity 
of supersyxnmetry in particle physics, and the interesting "coincidence" that the 
relic abundance of the LSP in most supersymmetric models falls near the dark-
matter window, it is clear that the search for energetic neutrinos from the Sun 
holds considerable promise for discovery, should neutralinos reside in the galactic 
halo. 
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