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Fig courtesy of J. Lattimer 



Mass and radius determination

Perez-Garcia, Daigne, Silk, ApJ (2012)
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•Major goal: 

•Simultaneous Mass and 
Radius determination

•I.e. Hybrid vs pure neutron 
stars

•Transition to partial Quark 
content, Perez-Garcia, Silk, Stone 
PRL 105, 141101 (2010)

4



NS vs QS

Fig 1-Previous proposal 
Theia 
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•Baryons vs deconfined quark 
content

•Finite strangeness content

•Energetically possible (Itoh’
1970)

•Characteristic M vs R relation 
(dashed curve) 

•Smaller radius



UCO and Dark Matter sections are related..

Crab pulsar,
NASA/CXC/ASU/J.Hes
ter  et  al. 2001

Multidark Granada 2013 6



Dark matter direct search

GRBs

-galaxy rotation curves
-Gravitational lensing
-CMB  limits

-
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NS opaque to Dark Matter
The efficiency of NS to capture DM is much larger than 
for the sun since:
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Magnitude Sun Neutron star

Central 
mass 
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, Bramante, Zurek, 
Freese, Perez-Garcia..]



Engine model: NS accretor of DM9

•Pulsar profile peaks at ~3 Kpc

•DM particle could be accreted 
from the galactic halo

•A number of DM profiles can 
provide a density of local solar 
(~8 Kpc)  
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Theia proposal: amplitudes

Theia previous proposal 

A system at distance D made of two objects of 1 Solar mass 
each, one being a main sequence star and the other a 
compact object, the astrometric amplitude is:

The HMXBs usually have longer orbital periods, P: 
days to hundreds of days (about 1 yr). 

The LMXBs are more compact, P range from tens of 
minutes to several hours. Y. Chou, arXiv:1408.6638v2., 
Q. Liu A&A 469, 807(2007) 
[XMM, Chandra, INTEGRAL data]



Theia proposal: accuracy Mass
A Sun-like star at 3 Kpc has an apparent magnitude R = 17. 

The uncertainty of a Theia observation, 10 visits, 4 h each (~ 
0.2% of the total mission time), for a R = 17 object is 5 µas 
(1 σ) 

signal to noise S/N = 30 measurement of the
astrometric signal

3% accuracy in measurement of the mass of a compact 
object located 3 kpc with a 1 yr orbital period.

Minimum Mass for NS: 0.2 M sun no min for QS
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Theia proposal: accuracy Radius
At the distance of 3 kpc, the parallax of objects is 300 µas. 

For a R = 17 object, the distance will be measured with a
1.5% accuracy. 

Accurate knowledge of the distance, combined with X-ray
measurements of the effective temperature, 

is gravitationally red-shifted. 

Derived bolometric flux, Fbol, provides a measurement of
the radius, 

12



M vs R and EOS

Steiner et al, Astrophysical 
Journal 722 (2010)

They use three Type-I X-ray bursters with 
photospheric radius expansion, and three 
transient low-mass X-ray binaries. 
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M vs R and bursting/quiescent LMXRBs

F. Ozel et al  
(2015), arXiv:1505.05155v1



Conclusions
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•Theia can beat in accuracy in Mass and Radius determination with 
respect to GAIA.

•Typical binary systems with masses can provide mass accuracy to 
3%, orbital period determination.

•Radius accuracy to 1.5%, bursting sources not necessary…but 
thermal emitters. X-ray missions.

•Complementary test to EOS already important goal itself due to the 
difficulty of measurements.

•Best case scenario testing QS and Quark matter EOS by selecting 
“small candidates”.
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