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From atoms to neutrons

Nucleus (greatly magnified
relative to the electron cloud)

Electron (cloud of charge)

Cross section of a hydrogen atom

McGraw-Hill



Luis Calcada - ESO
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But what exactly is inside!?

outer crust 0.3-0.5 km
ions, electrons

inner crust 1-2 km
electrons, neutrons, nuclei

outer core ~ 9 km
neutron-proton Fermi liquid

few % electron Fermi gas

inner core 0-3 km
quark gluon plasma?

Robert Schulze
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Hot neutron stars in
LMXB systems
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Origin of X-ray bursts

A. Spitkovsky



Photospheric Radius Expansion bursts

Flux, F (10”7 erg s’ cm™)
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Soft state bursts
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Hard state bursts
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Which one is right?

Soft state bursts - large accretion rates!?

Hard state bursts - small accretion rates?

What does the theory say?



Atmosphere models
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Atmosphere models
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Hydrostatic equilibrium



Atmosphere models
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Atmosphere models
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Atmosphere models
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Atmosphere models
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Atmosphere structure:
temperature profile
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Emerging spectrum
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Color-correction factor f.

1
Models: Fg = —Bg(T. = fTef)

= 7
Observations: [ = K X BE(T)

fc ~ K—1/4
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Soft state Hard state
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Observations with hard state bursts
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Neutron star mass M/Mg
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What about metals?



What about metals?
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Metal rich atmospheres
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Observations:
HETE] 19001-2455
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Disk dynamics & pollution

Dynamic timescales of disk

New way of producing heavy
metals & ejecting them into ISM




Conclusions (1/2)

® Accretion processes affect cooling

® Hard & soft state bursts

® Poutanen, Nattila, Kajava, Latvala, Galloway, Kuulkers & Suleimanov 2014
MNRAS

® Kajava, Nattila, Latvala, Pursiainen, Poutanen, Suleimanov, Revnivtsey,
Kuulkers & Galloway 2014, MNRAS

® Mass & radius estimates: |2-15 km

® Rotational effects still missing



Conclusions (2/2)

® We have computed new metal enriched
atmosphere models

e Nittili et al 2014, A&A, in prep.
® Evidence found for metals reaching photosphere

® Best example so far: HETE |1900.1-2455

® Nattila et al 2015, A&A, in prep.

® More examples already found in the burst
database we have compiled



Thanks!



