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New neutron star radius constraints
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Physical setup
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Thermonuclear X-ray bursts



Thermonuclear X-ray bursts
Time-resolved spectroscopy
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Atmosphere models
Hydrostatic equilibrium

Radiative transfer

Electron opacity

Energy balance

  Ideal gas law



Atmosphere models



Time-resolved spectroscopy

Old observationally driven method:

• Describe spectra with black bodies

• Temperature
• Area normalization 

Degrees of freedom = #(of parameters) x 
                         #(of spectra)

=~ 200



Time-resolved spectroscopy

New physically driven method
• Describe spectra with atmosphere models

• NS radius
• NS mass 
• Composition
• Distance

Degrees of freedom = #(of parameters) x #(of spectra) 
                                 + #(global parameters)

=~ 100 +4

• Temperatures +



The problem

{
x100 - 300



The solution

Thanks to Finnish super computing center, 
we can just bruteforce it!



Assumptions
• Low B field                       - should be ok
• Isotropic emission from 

      passively cooling NS       - ok sometimes!
• Rotation                           - starting to be ok
• Touchdown/Edd. limit      - no assumptions



Synthetic data

What is the ideal case for us? 

How precise can we hope to measure 
things?



Synthetic data







Real data…



…turns out to be not so simple!
Burst 1 Burst 2+SL Burst 2 + SL + prior



Remeber the physical setup
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Neutron star in 4U 1702-429





Parameterized EoS
We can start to probe 
(nuclear) parameters such as

• Symmetry energy
• MIT bag constant
• maximum NS mass

See upcoming 
Annala et al (2017)



Summary

• Thermonuclear X-ray bursts can 
be a great tool to constrain M-R

…If one is cautious!

• Hard state bursts give:

12 < R < 13 km for M = 1.4 Msun



Extra:



M-R constraints from hard state bursts



M-R constraints from hard state bursts
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