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Abstract: Taking into account the Pierre Auger Observatory limits on the phototidraeamong the
highest energy cosmic rays, we show that the models based on theafetger-heavy dark matter in
the halo of our Galaxy are essentially excluded from being the sourdgslBCRs unless their contri-
bution becomes significant only above100 EeV. Some top-down models based on topological defects
are however compatible with the current data and may be best condtiaifigure by the high-energy
neutrino flux limit.

Introduction In the second class of top-down models, the

permassive particles responsible for the obser
Ultra-high-energy cosmic rays (UHECRSs) raise UHECRs are produced directly in the early Ur
a number of observational as well as theoretical verse [3] and have a lifetime larger then the age
problems. While accelerating particles up to ener- the Universe. An important motivation for such
gies above 02° eV appears challenging in even the scenario is that these particles could make up
most efficient astrophysical accelerators, a large inferred dark matter in the universe, which al
variety of so-calledtop-down modelshave been  provides a natural link between cosmology a
proposed in which UHECRs are not accelerated UHECRS, allowing one to relate their expect
from ambient, low-energy particles, but produced flux to the properties of these super-heavy d:
directly at ultra-high energy from the decay of pu- matter (SHDM) particles. A key feature of SHDI
tative supermassive particles with masses in excessscenarios is that the main contribution to the hig
of ~ 102! eV. Two main classes of such mod- €stenergy cosmic rays observed at Earth woulc
els can be considered, with distinct generic prop- provided by supermassive particles concentrate
erties. The first one involves the decay or an- the halo of our Galaxy, so that propagation effe
nihilation of topological defects (TDs) produced (including the GZK suppression of the spectrui
through a phase transition in the early universe [1]. would be supressed by the two orders of mac
Such events would occur roughly homogeneously tude [3]. These models have thus been extensi
throughout the universe, and generate supermas-studied in the context of the report by the AGAS
sive particles that would in turn decay into quarks experiment of an excess of UHECR events ab:
and leptons and lead to secondary UHECR pro- 10%° eV [4]. However, neither the spectrum r
tons and photons with an energy spectrum and rel- ported by the HiRes experiment (suggesting
ative abundances characteristic of the underlying presence of the expected GZK suppression [5])
hadronization process. These UHECRs would then the Auger spectrum by themselves can rule
propagate through the universe in much the same SHDM models.

way as if accelerated by astrophysical sources, in- A detailed review of the various top-down mor

teracting with the CMB photons to producé e els can be found in ref. [6]. A review of previ
pairs and pions (in the case of protons) — the so- ous UHE photonlimits can be found in ref. [7] ar
calledGZK effect2]. a summary of neutrinolimits in ref. [8]. In thi:
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paper, we analyse the constraints set on both TD As recalled above, most SHDM models pred

and SHDM models by the data of the Pierre Auger
Observatory, normalising the UHECR flux to the
Auger spectrum [9] and using the derived photon
limit [10] and neutrino flux limit [11].

Super-heavy dark matter scenarios
(SHDM)

AUGER ICRE2007 #e—8 T T T T 1T T T

-{iiII}}

-
- N SHDM y
\
SHDM pin N
P \
Ve \

20
~#"" ySHDME/2 \ ', total
\

Ji(E) E3 [evZm2 st

e

Auger 2007

=

Auger 2006

T

10

Auger 2007

T

integral y flux fraction [%]

Auger 2007

10 100
E [EeV]

upper bound
lower bound E,=40EeV

lower bound E,,=80EeV
lower bound Eq;~100EeV

Figure 1: Top: Example of SHDM decay products
fit to the Pierre Auger Observatory spectrum. Solid
line shows the photon flux from SHDM, the dashed
line is the SHDM nucleon flux, the dotted line is
photon flux reconstructed as protons (in approxi-
mationE = E,/2) and the dot-dashed line is the
total reconstructed spectrum from SHDM. Bottom:
Corresponding photon fraction in percentage of the
total UHECR spectrum integrated above energy
E. Photon fraction located in the range between
red and green lines with assumption that SHDM
is responsible for the observed UHECR flux above
40 EeV, 80 EeV and 100 EeV. “Auger 2006” and
“Auger 2007” upper limits are from [12] and [10],
respectively.
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UHECR fluxes dominated by the contribution

the Milky Way halo, so that propagation effec
on both the spectrum and the composition
insignificant for the commonly used radio bac
ground models [13]. UHECRs should thus be ¢
served as produced, with a relatively hard sp
trum up to a fraction of the initial mass of th
SHDM progenitors and a dominant photon comg
nent (here we use the recent results of [14]). 1
latter prediction can be tested with Auger, thar
to the photon/hadron discrimination power of bc
the surface detector and the fluorescence de
tor [12, 10]. In Fig. 1a, we show a fit of the highe
energy part of UHECR spectrum by SHDM dec
products, assumed to account for the measured
above8 10'? eV. In addition to the primary pho
ton flux, we show the “apparent flux” as wou
be reconstructed by the Auger analysis proced
assuming proton primaries, through which a pt
ton of energyE, would be typically misinterpretec
as a proton of energ¥,, = E, /2. This “appar-
ent” photon component, added to the nucleon fl
makes up the total inferred UHECR spectrum.

To explore the parameter space of SHDM mc
els, we fit the last few bins of the spectrum (abc
410 eV, 8107 eV, or 10?° eV) using different
values for the mass and normalization amplitu
according to the procedure described in [15].
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In Fig. 1b, we show the corresponding photon frac-
tion for two extreme cases of SHDM scenarios,
giving the largest (upper curve) or lowest possi-
ble photon fraction (three lower curves). The lat-
ter are derived under the assumption that SHDM
particles provide the dominant contribution to the
UHECRSs above the three indicated energies, re-
spectively. The superimposed experimental limits
show that SHDM top-down scenarios are ruled out
by the Auger photon limit, except if they only con-
tribute significantly to the cosmic-ray flux above
10%° eV. Therefore, SHDM models can only have
a subdominant contribution to essentially all the
UHECRs observed so far.

Scenariosinvolving Topological Defects
(TDs)
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Figure 2: Top: Example of a fit of the Auger
spectrum with nucleons (dahsed line) and photons
(solid line) arising from TDs down to 40 EeV. Bot-
tom: Photon fractions among UHECR, as in Fig. 1,
for super-heavy particle massé@dgy = 2Fnax <
2 x 1023 eV.
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Figure 3: Photon (solid red line), neutrino (dashe
dotted green line), and proton (dashed blue li
fluxes from a TD model with cascade photo
down to GeV. Also shown are Pierre Auger o
servatory UHECR spectrum [9] and neutrino lir
its [11] and the EGRET [16] limit on the diffus:
gamma-ray background.

The injection spectrum and composition of UH|
CRs produced by the decay or annihilation of T
are similar to those of the SHDM case. Ho
ever, since TDs are expected to be evenly ¢
tributed throughout the universe, propagation

fects are important and photons are strongly s
pressed by their interactions with the extragal:
tic photon backgrounds. Their energy loss len
is much smaller than that of protons up to abc
102° eV, so that the predicted photon-to-proton |
tio at Earthremains limited (much lower than th
ratio at the source). In Fig. 2a, we show a fit of t
highest energy part of the spectrum within a typit
TD model, where the proton component domina
up to the highest detected energies. In Fig.

the expected range of photon-to-proton ratios
shown for a variety of TD models (see, e.g., [1
with different values of the maximum energies
the source. As can be seen, the current exg
mental limits only constrain the most photon-ric
cases, and a wide range of models remain com
ible with the data. Note that the model predictio
arevery sensitive to the actual spectrum they
trying to account for. In particular, the results a
different if one fits the AGASA data or the HiRe
data with SHDM and TD models [17]. In the ca:
of the Pierre Auger Observatory it is more diffict
to constrain contribution of those models due
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presence of the supression in the spectrum at high- [2] K. Griesen Phys. Rev. Lett. 16, 748 (196¢

est energies [9]. G.T. Zatsepin and V.A. Kuzmin, JETP. Let
In Fig. 3, we plot the overall proton, photon 4,78 (1966).

and neutrino spectra associated with the propaga- [3] V. Berezinsky, M. Kachelriess an
tion of UHECRs from a typical TD model, down A. Vilenkin, Phys. Rev. Lett.79, 4302
to 100 MeV. This involves the secondary neu- (1997); V. A. Kuzmin and V. A. Rubakov
trinos produced by charged pion decay and the Phys. Atom. Nucl. 61, 1028 (1998);
gamma-rays from the electromagnetic cascade in- M. Birkel and S. Sarkar, Astropart. Phys.
duced by the UHE photons in the extragalactic 297 (1998).

medium. Such TD models are not constrained by [4] M. Takedaet al, Phys. Rev. Lett. 81, 116
the EGRET [16] limit on the diffuse gamma-ray (1998);

background. The neutrino upper limit set by Auger [5] R. Abbasi et al. [HiRes Collaboration],
at high energy is also shown. Larger statistics ex- arXiv:astro-ph/0703099.

pected in the future may lead to the strongest con- [6] P. Bhattacharjee and G. Sigl, Phys. R&j37,
straints on these models from the Auger data, or 109 (2000) [arXiv:astro-ph/9811011].
possibly the detection of their neutrino counter- [7] M. Risse and P. Homola, Mod. Phys. Lett.

parts. Top-down photons should also be detected 22,749 (2007) [arXiv:astro-ph/0702632].

(2004) [arXiv:hep-ph/0309328].
[9] M.Ross [Pierre Auger Collaboration], thi

Discussion proceedings, (2007¥0313.

[10] M.Healy [Pierre Auger Collaboration], thi
We have analysed the implications to top-down proceedings, (20073#0602.
UHECR source scenarios of three complementary [11] O. Blanch Bigas [Pierre Auger Collabor:
experimental results of the Pierre Auger Observa- tion], this proceedings, (2007#:0603.
tory presented in this conference: the energy spec-[12] J. Abrahamet al. [Pierre Auger Collab-
trum, the photon fraction limit and the neutrino oration], Astropart. Phys27, 155 (2007)
flux limit. We found that super-heavy dark matter [arXiv:astro-ph/0606619].
models are strongly constrained by the absence of[13] R.J. Protheroe and P. L. Biermann, Astrope
identified photon candidates in the Auger data. In Phys. 6, 45 (1996) [Erratum-ibid.7, 181
particular, they cannot provide the dominant con- (1997)] [arXiv:astro-ph/9605119].
tribution to the overall UHECR flux at any energy [14] C. Barbot and M. Drees, Phys. Lett.
below ~ 10%° eV, which strongly restricts their 533,107 (2002) and Astropart. Phy20 5
motivation. On the other hand, models involving (2003).
topological defects generally predict photon frac- [15] G. Gelmini, O. Kalashev and D. V. Semiko
tions after propagation that are compatible with the arXiv:astro-ph/0702464.
current data, while their neutrino counterpart may [16] P. Sreekumaet al. [EGRET Collaboration],
be more strongly constrained by future neutrino Astrophys. J494, 523 (1998); A. W. Strong.
flux limits obtained with the Pierre Auger Obser- I. V. Moskalenko and O. Reimer, Astrophy
vatory. J.613, 956 (2004);
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