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What is Stray Light?

Madison et al. (2017)

- Light that has not been 

focused by the NuSTAR optics

- Open geometry of mast (left) 

connecting optics to detectors 

allows possibility of stray light 

illuminating detectors (right)



What is Stray Light?

- Stray light from single off-axis source creates a shadow on the Field of View

- NuSTAR observations of targets near Galactic plane contaminated by stray light from large X-Ray binaries nearby



Why use Stray Light Data?

- Serendipitous observation of sources

- Track sources for longer periods of time

- At an improved sensitivity compared to other All-Sky X-Ray Monitors

- Increase our knowledge of the long term behaviour of individual X-Ray sources



GS 1826-24: A Clocked Burster

- Low Mass X-Ray Binary

- Neutron Star Binary System

- Atoll source

- Clocked Burster

- Sudden soft state transition

- First reported by Chenevez (2016)

- Increase in low temperature flux; 

Drop out in high temperature emission

Long-term 2-20 keV MAXI lightcurve (blue); Swift-BAT 
transient monitor 15-50 keV lightcurve (grey); timing of 

Stray Light observations (dashed black lines),
Grefenstette et al. (2022)



Stray Light Observations of GS 1826-24



HR Diagram

- Plotted using 500s lightcurves

- Ratio of 6 - 10 keV lightcurves 

against 3 - 6 keV lightcurves

Clearly demonstrates the two spectral 

states commonly seen in atoll sources:

Island 
State 
(Hard) Banana 

State 
(Soft)



Spectral Fitting of Hard and Soft States

- XSPEC Model: tbabs * (cflux * compTT)
- “Representative spectra” chosen for each spectral state

← Hard State 
   (Left)

Soft State →
(Right) 



Spectral Fitting of Hard and Soft States

*Bolometric Flux (0.001 - 1000 keV)

From hard to soft state:

- Significant drop in electron 

temperature (kT)

- Increase in seed photon 

temperature (T0) and optical 

depth (     )

Increase in luminosity, but not very significant → No significant change in mass accretion rate? 



Type-1 X-Ray Bursts in 
GS 1826-24

GS 1826-24 is a Clocked Burster

- 22 bursts recorded in Hard State

- 11 bursts recorded in Soft State

Speculation: Lower burst frequency 

(longer burst recurrence times) for 

soft state?



Rogues Gallery of 
Type-1 X-Ray Bursts

- 5s time bin

- Rate per area vs 

Time since burst 

onset

- Black: Hard State

- Blue: Soft State



Modelling the Type-1 X-Ray Bursts

Fast Rise Exponential Decay (FRED) Model:

Relatively low count rate of the burst lightcurves

- Stacking all the hard state bursts and all the soft state bursts

- FRED model was fit to stacked light curves at 1s time bins



Light Curve Fits



Light Curve Fit Results

- tpeak: Time since burst onset to its peak 

intensity

- ttail: Time since burst onset to 25% of its 

peak intensity

- t90: Time between the 5th percentile and 

the 95th percentile of the cumulative counts 

of the burst



Physical Interpretation

As GS 1826-24 transitions to the soft state:

- From a hot and thin corona to a cold(er) and thick electron cloud
- Increase in optical depth and decrease in electron temperature

- Optical depth increases and electron temperature cools

- Change in the Type-1 X-Ray Bursts
- Frequent, Regular bursts (Hard) to Infrequent, Irregular bursts (Soft)

- Type-1 Bursts in hard state are predominantly hydrogen

Type-1 Bursts in soft state shows increased fraction of helium

- What caused the spectral state transition?



 Future Plans

Focused observation of GS 1826-24

- More refined modelling of the persistent spectra

- Spectral Modelling of Type-1 Bursts if there’s any detected

Timing Analysis

Lightcurve Recurrence Times

Paper Writing!
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