The “Clocked Burster” GS 1826-24 acting out of character
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X-ray bursters are a class of low-mass X-ray binaries where the accreted material undergoes unstable thermonuclear burning in the surface layers of a neutron star. Such type I X-ray bursts, characterised by a blackbody emission with temperature, kT, between 1 and 3 keV, have typical duration of a few tens of seconds. They have a recurrence time of hours to days, which mainly depends on the accretion rate. Observations of Xray bursts have made it possible to investigate the nuclear processing on the surface of neutron stars, leading to a better understanding of their inner thermal structure, magnetic field, and spin (see [1], for a review).
GS 1826−24 (aka Ginga 1826−238, as well as the “clocked” or “textbook” burster; see [2]) exhibits the closest agreement with theoretical model predictions among the over 100-known thermonuclear burst sources. It
has exhibited regular bursting behaviour with highly consistent properties from burst to burst over the 30 years since its discovery as a new transient in 1988 by Ginga [3]. Since then, GS 1826−24 has consistently been
observed in a characteristic hard persistent spectral state.
On 2014 June 8, GS 1826−24 was detected for the first time in a soft spectral state [4],which lasted more than two months, according to the long-term monitoring by MAXI/GSC and Swift/BAT instruments (see Fig. 1).
Here we present analysis of NuSTAR and Swift target-of-opportunity (ToO) observations of GS 1826−24 triggered in response to this unprecedented episode.

Fig.1 .— Daily averaged persistent intensity of GS 1826−24 between 2013 October 1 and 2014
October 30 as measured by MAXI and Swift/BAT. The instrument count-rates are converted into
mCrab as 1 Crab (3.2 × 10−8 erg cm −2 s −1) = 3.3 counts cm−2 s−1 for MAXI (2–20 keV) and
1 Crab (1.5 × 10−8 erg cm−2 s −1) = 0.22 counts cm −2 s −1 for BAT (15–50 keV). The time interval
approximately between MJD 56640 and 56665 corresponds to the time the source could not be
observed due to the solar constraints of the instruments. The time interval of our Swift and
NuSTAR observations is indicated by vertical dashed lines (MJD 56832 – 56836). Arrows on the
time axis indicate the dates of bursts observed by INTEGRAL/JEM-X.

Fig. 3.— Light-curves of a first burst detected by Swift (#1;
0.2–10 keV) on June 24, and the six NuSTAR bursts (#2, 3, 5,
6, 7, 8; 3–42 keV) compared with a burst detected with RXTE
(2–60 keV) on 1997 November 5. The pre-burst average
count-rates are subtracted, and the Swift and RXTE burst
peaks are normalized to the highest NuSTAR peak (burst 3) at
about 1200 counts s−1.

Fig. 2.— 3–42 keV X-ray intensity of GS 1826−24 measured by NuSTAR/FPMA during the 2014 June ToO. The
persistent emission at a 1000 s resolution is plotted (black symbols, histogram, left-hand y-axis) along with the time
and peak intensity of the bursts (dashed red lines; right-hand y-axis). The blue arrow indicates the time of a burst
detected by MAXI during a data-gap of the NuSTAR observation.

Fig. 4.— Time-resolved spectroscopy of NuSTAR bursts #2, 3,
and 5. The top panel shows the inferred bolometric luminosity,
assuming a distance of 5.7 kpc. The middle panel shows the
best-fit blackbody temperature, and the lower panel shows the
NS-radius. Burst #3 shows the characteristic evolution of a
photospheric radius expansion with anti-correlated .T and radius.

Properties of the detected thermonuclear bursts from GS 1826-24 in June 2014.

The 2014 June soft spectral state of GS 1826−24 was the first ever recorded for this well-studied source, and it revealed a number of new observational aspects, including the first burst
exhibiting photospheric radius expansion from which we infer a distance of as 5.7±0.2 ξb−1/2, kpc , as well as weak, irregular bursting behaviour, including the shortest burst interval (1.29 hr)
measured to date.
Our study of burst energetics shows that the ignition columns are consistently lower than the accreted column, so we conclude that GS 1826−24 was bursting inefficiently in the soft state,
igniting fuel with significantly lower hydrogen fractions than the previously inferred solar value.
The results of our spectral analysis of the persistent emission compared to previous observations indicate a softening, but at a similar inferred accretion rate.
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