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•Neutron stars are among the most 
dense compact stars.

•Mass ≈1.5 Mo, R ≈ 12 km

•Central densities ρ≈1014÷15 g/cc

•Central temperatures: T≈1 MeV.

•Surface  magnetic fields:              
B ≈ 109-1015 G

•Efficient accretors: SM matter and 
Dark matter (DM)

Astroparticle source: NS
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The efficiency of NS to capture DM is much larger than for the 
sun:

Neutron star efficient DM trap
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Magnitude Sun Neutron star

Central density [g/cc] 102 1014

Mean free path [1/σn] cm 1014 100

Capture rate [s-1] 1023 1025

•DM can be accreted from galactic profile by many massive astrophysical 
objects

[Goldman, Nussinov, Press, Spergel, Kouvaris, Lavallaz, Fairbairn, Silk, 
Stone, Perez-Garcia..]
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Internal engine based on deconfinement
of quark matter

Mechanism for actual deconfinement not 
clear:

•Dark matter driven spark seeding
Perez-Garcia, Silk, Stone PRL 105, 
141101 (2010)
•Density raise due to NS spin down 
J. Staff, R. Ouyed, and P. Jaikumar, 
ApJ 645,L145 (2006).

Perez-Garcia, arXiv: 1205.2581, Proc. 
Moriond’12
Perez-Garcia, Silk,  PLB 711, 6 (2012)
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•We propose internal phase transitions trigger 
ejection of novel astroparticles.

•Nuclearites/ strangelets: weakly charged uds 
matter.

•Ejection may happen also in merger events: 
NS, BH, QS

•Ejected mass fraction less than  ≈10-4 Mo

•Relativistic break out assumed to happen 
with complex dynamics.

NS transition and astroparticle ejection
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Pérez-García, Silk, Stone PRL 105, 141101 
(2010)
Pérez-García, Silk PLB 711, 6 (2012)
Pérez-García, Daigne, Silk ApJ 768 145 
(2013)

Zhang, Woosley 
and Heger 2003 

http://ak47.tumblr.com/post/253396626
http://ak47.tumblr.com/post/253396626
http://ak47.tumblr.com/post/253396626
http://ak47.tumblr.com/post/253396626


Super-Kamiokande,Tibet-
III,Milagro, ARGO-YB and 
IceCube 

have reported large and 
small scale anisotropies 
with considerable 
significance in the TeV-PeV 
range.

CR anisotropies

Abdo et al, Arxiv: 0801.3827, 
Phys. Rev. Lett., 101, 221101

Abbasi et al., ApJ, 740, 16, 
2011
Arxiv: 1105.2326
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Gyroradius of regular CRs seems 
not to be large in  Galactic field.

CRs would perform Random 
walks 

Previous works :

Anisotropy at multiple scales 
arises from turbulent 
propagation in the GMF 
Giacinti & Sigl, arXiv: 1111.2536

Magnetic mirroring and 
funneling from nearby source 
Drury and Aharonian, Astropart. 
Phys. 29 420-423 (2008)

CR anisotropies
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Novel Physical scenario

Molecular
Cloud

dMCdS-MC



 

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 
standard NS mass and radius

A−lumps could then gain energies of order
the typical energy observed in hotspot
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Ejection model

Perez-Garcia, Daigne, Silk, ApJ 768 145 
(2013)

9

42

3
50

1010

10
104

−≤









×≈ −

A

f
ergK ej







 Γ







≈

2210
22 3

ATeVK

Kotera, Pérez-García, Silk 
arXiv:1303.1186

































≈≈Γ −

−

−  M
M

M
M

km
Rf

M
K ejNSej

ej
5

21

3 105.11010
21



10RICAP13

NS transtion to QS
Signal depends on energy and can 
be parametrized using source 
characteristics and ejecta. 

Luminosity in strangelets inside 
the Molecular cloud a Z/A~10-3

This requires                as a result 
of:  efficiency in neutralization, 
rate transition, ejection at source.

810−≈ηKotera, Pérez-García, Silk 
arXiv:1303.1186
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Angular extent spots
Angular extent depends on the geometry, but typically could be 
of order 10º.

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

REGION A -> Taurus MC:

REGION 1 -> Vela MC Ridge:

Kotera, Pérez-García, Silk 
arXiv:1303.1186



Conclusions
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•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 1049-10 52 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= 102-104 and ejected mass is  10 -5 solar masses
Rate of transition small 10 -7 in the galaxy.

•Large signal strength possible  if transition happens inside 
molecular cloud.  Angular hotspot extent can match small 
scales.
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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

The rate would be small as it corresponds to a large 
delay between the end of the life of massive 
progenitor  and emission of SGRB.
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Perez-Garcia, Daigne, 
Silk, ApJ(2013)
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