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Astroparticle source: NS
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Neutron star efficient DM trap

The efliciency of NS to capture DM 1s much larger than for the

Surl.

Magnitude Sun Neutron star
Central density [g/cc] 102 1014 X
Mean free path [1/on]cm 104 100

2
F _3.042 10 pDV (s
m, (GeV) Pom 0

Capture rate [s1] 1023 1025
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Internal engine based on deconlinement
of quark matter
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ary particles or by assuming some inter-
actions between these elementary particles.
A primitive and straightforward question
then arises: What state occurs at the

f(x)=22x"—3) (z®+1)""¢+3 sinh'z. (3)

The internal energy of the gas Ui, is
given by

B (MeV)

density higher than hyperon stars? No one
can answer this question now, as our knowl-
edge of strong interaction physics is very
incomplete.

If a baryon consists of some fundamental
particles, it may be possible that unbound
fundamental particles will exist in the in-
terior of superdense stars.
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9(@) =82 {(@+ D~ 1} —f (). (5)

‘We shall consider a quark star consisting
of an equal amount of u, 4 and s-quarks

Ivanenko and for simplicity. The condition of the charge
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Cosmic separation of phases
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A first-order QCD phase transition that occurred reversibly in the early universe would lead to a
surprisingly rich cosmological scenario. Although observable consequences would nol. necessarily
survive, it is at least conceivable that the phase transition would concentrate mast of the quark ex-
cess in dense, invisible quark nuggets, providing an explanation for the dark matter in terms of
QCD effects only. This possibility is viable only if quark matter has energy per baryon less than 938
MeV. Two related issues are considered in appendices: the possibility that neutron stars generate a
quark-matter component of cosmic rays, and the possibility that the QCD phase transition may
have produced a delectuble gravitational signal,



NS transition and astroparticle ejection

* We propose internal phase transitions trigger
ejection of novel astroparticles.

* Nuclearites/ strangelets: weakly charged uds
matter.

* [jection may happen also in merger events:
NS, BH, QS
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CR anlsotroples
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CR anisotropies

Gyroradius of regular CRs seems

. . - p/Z B\~
not to be large in Galactic field. rq(p) = :_p ~1 (“i’} .:‘-.-’) ( ,uG) pc

!

CRs would perform Random
walks

Previous works :




Novel Physical scenario




Ejection model

We propose that a novel phase of finite
quark matter lumps (i.e. nuclearites,
strangelets) could be primaries

Kinetic energies due to gravitational energy
conversion

E injected into the expelled outer crust for
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NS transtion to QS

Signal depends on energy and can
be parametrized using source
characteristics and ejecta.
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FIG. 1. Particle excess significance o (Eq. 1), as would be
observed by Milagro with 7 years of data, at E = 20TeV,
as a function of the distance of the MC to the Earth, dyc.
and the distance between the source and the MC, d._ye,
for strangelets with Z = 1, A = 10° and a ILIC' of radius
Ruye = 25pe, source of luminosity Lyc = J;Ill:l erg,/s, and
an efficiency factor 7 = 5 x 10™%. The color bar indicates the
value of o, and black lines depict specific numerical values of
7 as indicated.
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Angular extent spots

Angular extent depends on the geometry, but typically could be
of order 10°.

Kotera, Pérez-Garcia, Silk
Oy ~ 14° (Rye /25 pe)(dye /200 pe) ! arXiv:1303.1186

Some regions quoted in released experimental results are in the
directions of Molecular clouds:

REGION A -> Taurus MC:
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100 50
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Conclusions

*We discussed a new mechanism for formation of Cosmic Ray
hotspots based on the astroparticle ejection in a NS phase
transition

*Energies in the range of short GRBs 10%°-10 °2? erg can be
injected due to a fraction of gravitational energy conversion in
the event.

*Not high Lorentz factors are needed if ejected nuclearite has
A= 102-10% and ejected mass is 10 -° solar masses




NOT ALL NS CONVERT TO QUARK STARS
EFFICIENCY IS LOW

It is expected a low efficiency in the transition of the
NS.

Individual sparks probable but percolation effect
needed.

Old NS and enhanced DM regions are more likely
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