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ABSTRACT 

Neutron stars are collapsed objects produced by supernova explosions of massive stars. They compress more than 

the Sun’s mass into a city-size volume, exhibiting some of the highest densities, spin rates, temperatures and 

magnetic fields that we can witness in the Universe. One of the key challenges in current research is the actual 

measurement of their mass and size ratio. Many neutron stars are observed in X-rays when they gravitationally 

attract matter from an orbiting stellar companion in a binary system. Type-I X-ray bursts are commonly detected 

that originate from the unstable thermonuclear burning of the accreted hydrogen and/or helium into heavier 

elements in the surface layers of neutron stars in low-mass X-ray binaries. The luminosity of the bursts does 

sometimes exceed the Eddington limit and temporarily drive the photosphere to large radii, which may lead to the 

ejection of nuclear burning ashes. The heavy elements thus exposed by thermonuclear explosions are supposed to 

engender absorption features in the X-ray burst spectra. The Neutron star Interior Composition Explorer (NICER) 

has been mounted on the International Space Station in summer 2017, and has since observed a number of X-ray 

bursters with both high timing and high energy resolutions. The soft (0.2-12 keV) energy passband of NICER is 

particularly well-suited for X-ray burst investigations. Detections in NICER burst spectra of photoionization 

edges from heavy elements are expected to display the thermonuclear burning and mixing processes under 

degenerate conditions. Moreover, the identification of gravitationally-redshifted edges would uniquely provide a 

measure of the neutron star compactness, and thus constitute a probe of the ultra-dense matter equation of state. 

X-ray burst mechanism
Unstable thermonuclear burning on accreting neutron stars in LMXB

Type I X-ray bursts are thermonuclear explosions in the surface layers of neutron stars due 

to the unstable burning of the accreted H and/or He from the envelope of a low-mass 

companion star. Their emission can be described by blackbody radiation with peak 

temperature 2 keV and X-ray softening consistent with cooling during the burst decay.

A recurrent process
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Photoionization edges from X-ray bursts
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NICER simulations of X-ray burst spectra
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Superexpansion bursts (in ‘t Zand & Weinberg, 2010) are more likely to occur in Ultra-compact X-ray binaries (UCXBs) in which the neutron star accretes He-rich stellar material at low rates (Cumming, 2003; in ‘t Zand+2007). As 
suggested by Weinberg+2006, photoionization edges corresponding to the H-like states of heavy element ashes should be resolved in high spectral resolution observations. Indeed, their models predict equivalent widths between 

150 eV and a few keV for a number of species (28Si at 2.7 keV, 32S at 3.5 keV, 58Fe at 9.2 keV, 59Co at 9.9 keV, 60Zn and 62Zn at 12.2 keV - non-redshifted) when ejected from the neutron star in the burst wind). Moreover, 28Si, 32S, 

and 60Zn are also expected to produce resolvable photoionization edges from the base of the photosphere, thus redshifted by a factor corresponding to the gravitational redshift at the surface of the NS. See also Yu & Weinberg, 
ArXiv:1806.00164. 

However, spectral smearing due to the spin of the NS, as well as inclination angle of the system, are also expected to play a role (Jonker+2010). Moreover, we may expect a time-dependent evolution of the energy and optical 
depth of the edges as the species are transported in the wind during the burst. 

A positive detection of photoionization edges during X-ray bursts would imply that heavy H-like ions are ejected from the neutron star and would probe the thermonuclear burning under degenerate conditions, as well as models of 

fuel mixing.  
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Observed spectrum

The UCXB 4U 1820-30 shows a superorbital modulation of the persistent X-ray flux with a period »175 days. 

Powerful X-ray bursts are consistently observed during the low hard state lasting from days to weeks. The above 

plot compares the X-ray flux variations measured by MAXI (2—20 keV) and by Swift/BAT (15—50 keV) between 
July 11th and October 19th, 2017. 

NICER observed  4U 1820-30 while the source was in its hard spectral state at the end of August 2017 for a total 

good exposure of 60.9 ks over 2.2 days. Five bursts were detected, each with a short duration (5 s) and a high 

peak count rate. A detailed analysis of the first burst in ObsID 1050300108 on MJD 57994.37115 (2017 August 
29) has been published by Keek et al, 2018. 

Time-resolved spectral analysis of the 

burst shows clear evidence for 

photospheric radius expansion. 

However, the amplitude of the 

expansion is about one magnitude too 

weak to be consistent with a 

superexpansion burst. 

Spectra from each time interval 

during the burst are fit with a model 

consisting in an absorbed blackbody 

(for the burst emission) added to 

Comptonization (for the accretion 

emission), this latter being multiplied 

by a varying factor (accounting for 

the effect of the burst on the accretion 

disk) 

Spectra at different 1-s time intervals 

during the burst are scrutinized to look 

for features significantly deviating 

from the blackbody emission. 

Absorption edges are expected to 

originate from exposed ashes of the 

thermonuclear burning. 

It does not seem to be the case with the 

present burst, likely because it may not 

have reached superexpansion. 

More work on the data is needed to 

improve the spectral analyses. 

SUMMARY
• Why NICER?

High time resolution: t < 0.1 μs (50 RXTE)

High spectral resolution: E < 150 eV @ 6 keV (~ XMM / Chandra)

High sensitivity: 510–14 ergs s–1 cm–2 (0.5–10 keV, 5 in 10 ks; 20 RXTE, 4 XMM)

• What: Absorption features during thermonuclear X-ray bursts
Models: Photoionization edges from burning ashes 

Observations: Only a few detections with RXTE (NuSTAR?) during PRE bursts

• Why no detection with NICER so far?

The right bursts may have not been seen yet,

or we may need to improve data analyses by merging bursts…

Work is in progress with optimized spectral response & calibration.

• Prospects:

Simultaneous detections of multiple photoionization edges 

should ease identifying the involved heavy elements. 


