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Type I X-ray Bursts

Explosive nuclear burning of accreted
H/He on a neutron star surface. 

Sudden rise and long exponential decay
                               (S. Guichandut et al. 2023)

Elements synthesized. Should remain
trapped on the star's surface?

Stellar winds

Outward pressure (from gas, magnetic
fields or radiation).

Mass ejected ∝ mass NS

Extreme radiation drives optically
thick winds, expelling material and
heavily modifying the observed X-ray
emission.



Bridging  models
XRB hydrodynamic models



Bridging  models

Stellar wind model
Stationary, radiation-driven
winds.

Very small changes in
luminosity ~ 3.6x10   erg/s.

Minimum at peak of
photospheric expansion.
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Bridging  models
Not well-defined photosphere in
XRB models. 
Assumption: Photospheric
luminosity ≈ luminosity in last layer
of XRB (3.52x10   erg/s)

τ* = 8/3
y = m*r_ph + n

r_ph = (ln(8/3) - n)/m
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Simulating X-ray spectra
Model: TBabs×bbody
Norm: Kbb = L   /D  
D ≈ 7 kpc
Abs = 1.33x10  cm  (4U 1820–30)
Rising; Peak; Decaying
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Simulating X-ray spectra

Temperature decrease by a factor
of 2. 

Consistent temperature evolution
and decrease factor.



SIXTE simulations: Athena X-IFU

Focused simulation - Optical filter

Distance set: D = 708 kpc



SIXTE simulations: Athena X-IFU

Focused simulation - Optical filter
Fitting models to the simulated spectra:

Model: TBabs×bbody

Difficulty of galactic observations.

Can perform extragalactic observations
(Andromeda).



SIXTE simulations: Athena X-IFU

Defocused simulation 

Distance set: D = 7.46 kpc



SIXTE simulations: Athena X-IFU

Defocused simulation
Fitting models to the simulated spectra:
TBabs×bbody

Extraction: Filtered for surviving High-Resolution
(GRADING==1) photons.

Standard XSPEC pipeline uses a "canned" ARF
(Ancillary Response File).



SIXTE simulations: Athena X-IFU

Defocused simulation
Fitting models to the simulated spectra:
TBabs×bbody

Extraction: Filtered for surviving High-Resolution
(GRADING==1) photons.

Standard XSPEC pipeline uses a "canned" ARF
(Ancillary Response File).



XRB and stellar wind models bridged and validated against real NICER
observations. 

Extension stellar wind model (avoid extrapolation).

Athena's defocused mirrors successfully protect the microcalorimeters from 2.25
Crab bursts.

Standard canned calibration completely fails, creating unphysical temperature
inversions and massive residuals. Need of development of dynamic, pixel-by-pixel
ARF reconstruction software.

Conclusions
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