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• Neutron-star low-mass binaries exhibit a 
unique type of variability on timescales of 
seconds to minutes – X-ray bursts

• These systems are thought to accrete through 
gigayear timescales, sufficient to reduce 
the magnetic field to a point where it is 
dynamically unimportant

Thermonuclear X-ray bursts
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• Thermonuclear 
bursts occur when 
accreted fuel 
undergoes unstable 
ignition, 
producing bright 
X-ray flashes

Chandra X-ray observation of the prolific 
burst source 4U 1728-34, showing quasi-
regular bursting activity 



Key thermonuclear reactions
• Bursts typically ignite via the triple-alpha 
reaction, and if hydrogen is present, burn 
also via the (!,p) and rp processes

• Fuel composition and accretion rate the 
primary determinants of the burst properties
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• Much work has 
focussed on the 
rp-process, which 
can produce heavy 
proton-rich nuclei 
in the burst ashes

• Many reactions 
with poorly 
measured rates

Schatz et al. 2001
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The nuclear reaction network includes all proton rich
nuclei from hydrogen to xenon and was updated relative
to the data described in [19]. The theoretical Hauser-
Feshbach reaction rates have been recalculated with the
new Hauser-Feshbach code NON-SMOKER [22]. A more
detailed discussion of the nuclear physics input and the
x-ray burst model will be published in a forthcoming paper.

Figure 1 shows our results for the time integrated reac-
tion flow during an x-ray burst. Ignition takes place at a
density of 1.1 3 106 g!cm3 and the burst reaches a peak
temperature of 1.9 GK, with a rise time scale of "4 s, and
a cooling phase lasting "200 s. Helium burns via the 3 a
reaction, and the ap process [7], a sequence of alternating
(a, p) and # p, g$ reactions into the Sc region. These he-
lium burning processes provide the seed nuclei for the rp
process. The rp process reaction flow reaches the Sn iso-
topes in the 99Sn 101Sn range "80 s (time for half maxi-
mum) after the burst peak and proceeds then along the Sn
isotopic chain towards more stable nuclei.

Processing beyond Sn occurs if the corresponding
Sb isotone is sufficiently proton bound for the (g, p)
photodisintegration to be small. This occurs at 105Sn.
However, after two proton captures a strong 107 Te#g, a$
photodisintegration rate cycles the reaction flow back to
103 Sn. The reaction path is characterized by a cyclic flow
pattern, the SnSbTe cycle which represents the end point
for the rp-process reaction flow towards higher masses
(see Fig. 2). The SnSbTe cycle forms because the neutron
deficient 106 108Te isotopes are a unbound by "4 MeV. In
fact, 107 Te is a known ground state a emitter [23]. A frac-
tion of the reaction flow proceeds via b decay of 105Sn into
106 Sn, and the reaction sequence 106 Sn# p, g$107 Sb# p, g$-
108Te#g, a$104Sn leads to a second, weaker cycle. Calcu-

lations with different ignition conditions confirm that the
rp process cannot proceed beyond the SnSbTe cycles.

A previous calculation of the rp process in steady-state
burning found that most material accumulated at the end
of the network (the Sn isotopes) for an accretion rate of
40 !mEdd [6]. Figure 1 shows the reaction flow at that ac-
cretion rate. We find that the rp process ends in a similar
SnSbTe cycle as in x-ray bursts. Some of the material is
now cycled back via 106 Sb# p, a$, which successfully com-
petes with 106 Sb# p, g$ at steady-state burning conditions.
Calculations at different accretion rates show that the rp
process can never overcome the closed SnSbTe cycle. For
steady-state burning, we are now able to compute accu-
rately the composition of the ashes for all accretion rates.

The SnSbTe cycle impacts the light curve of x-ray bursts
and the consumption of hydrogen. This is illustrated in
Fig. 3, which shows the correlation between the x-ray burst
luminosity, the abundances of some important long-lived
nuclei (waiting points) in the rp process, and the hydro-
gen and helium abundances. Clearly the slow hydrogen
burning via the rp process beyond 56 Ni is responsible for
the extended burst tail. The SnSbTe cycle builds up the
abundance of the longest-lived nucleus in the cycle, 104Sn
(20.8 s half-life), and produces helium towards the end of
the burst. This triggers an increase in the 3a flow and sub-
sequently an increase in energy production and hydrogen
consumption. As a consequence, the burst lasts longer and
hydrogen is completely burned.

The SnSbTe cycle also affects the composition of the
rp process ashes, shown for the x-ray burst and the steady-
state calculation in Fig. 4. The limitation imposed on the
rp process by the SnSbTe cycle is clearly reflected in the
lack of nuclei heavier than A " 107 . Nevertheless we
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FIG. 1. The time integrated reaction flow above Ga during an x-ray burst and for steady-state burning. Shown are reaction flows
of more than 10% (solid line) and of 1% 10% (dashed line) of the reaction flow through the 3 a reaction.

3472

A subset of the 
many 1000’s of 
reactions and 
isotopes taking 
part in a burst



Constraining nuclear reactions

were not explored here as this would move toward the
conditions for helium bursts, as most or all of the hydrogen
would be burned stably before burst ignition.

The best-fit MESA model for light curve shape and Δtrec has
M M0.17 E=˙ ˙ (for the 2007 epoch), Qb=0.1 MeV/u, R=1,
X=0.70, and Z=0.02, though the same conditions with
Z=0.01 perform nearly as well.

6.3. Comparison to KEPLER

Figure 5 also highlights a discrepancy between MESA and
KEPLER models. While KEPLER reproduces the 2007 epoch
Δtrec with M M0.09 E=˙ ˙ , MESA models require M M0.17 E=˙ ˙ ,
as noted by Paxton et al. (2015). This cannot be explained by
the slightly higher Qb employed in the best fit for KEPLER
(Galloway et al. 2017), as the MESA model with M M0.08 E=˙ ˙

Figure 4. Comparison of light curves calculated with MESA (red bands) to GS 1826-24 light curves observed for 1998 (brown), 2000 (green), and 2007 (purple).
Legends indicate the same information as the legend in Figure 1, where the additional number in parentheses is N. The red bands in the bottom right panel are light
curves calculated with KEPLER from Lampe et al. (2016) using the optimum distance and redshift determined in Galloway et al. (2017).
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• Burst lightcurves are 
sensitive to certain 
nuclear reactions, 
from 1-zone and Kepler 
simulations e.g. Cyburt et 
al. 2016, ApJ 830, #55

• Holds promise for 
constraining reaction 
rates/masses via 
model-observation 
comparisons e.g. Meisel et 
al. 2018, ApJ 860 #147

• This study instead 
used MESA Paxton et al. 2015, 
ApJS 220, #15
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Factor of 10 
variation in 

15O(!,")19Ne rate 



This seems straightforward – why 
haven’t we done this already?

• Even for the best-understood burst sources, we 
don’t know the basic system parameters (surface 
gravity, fuel composition etc.)

• There are four reasons for this shortcoming:
1. We lack suitable observations to compare against our 

models
2. We can’t efficiently explore the parameter space to 

find the best combination of parameters to match 
observations

3. We lack a comprehensive way to compare models to 
observations

4. There are astrophysical uncertainties (distance, 
system inclination) that confound our measurements

• As a result, we can’t (yet) robustly reproduce 
the burst behavior for any source, which means 
we can’t (yet) robustly test for the effects of 
different reaction rates or masses

Galloway – Measuring neutron star properties from thermonuclear bursts



1. Gathering suitable observations
• The Multi-INstrument Burst ARchive seeks to 
gather all the bursts observed by long-
duration missions BeppoSAX/WFC, RXTE/PCA, 
and INTEGRAL/JEM-X; data release 1 imminent! 
http://burst.sci.monash.edu/minbar
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• Improved global view of 
burst behaviour and rare 
events; now >7000 events 
from 85 (of 112) sources

• Analysis of burst rates as 
a function of accretion 
rate Galloway et al. 2018, ApJ 857, L24 

• “Reference” bursts for 
model comparisons Galloway et al. 
2017, PASA 34, e019

http://burst.sci.monash.edu/minbar


2. Exploring parameter space
• State-of-the-art codes are 1-D with adaptive 
nuclear reaction grids like KEPLER and MESA, 
which take ~week for each run

• Not feasible for e.g. MCMC parameter space 
exploration

Galloway – Measuring neutron star properties from thermonuclear bursts

• We can run & release 
large samples of model 
results e.g. Lampe et al. 2016

• New grids are being used 
via interpolation 
schemes to do fast (x108
speedup!) parameter 
exploration see Johnston poster 
#49, inside the library

Lampe et al. 2016, ApJ 819, 46



2. Exploring parameter space #2
• We can also use simpler (faster) ignition 
codes, provided we have confidence that we 
understand how the predictions differ 
between models e.g. Cumming & Bildsten 2000, ApJ 544, 453

Galloway – Measuring neutron star properties from thermonuclear bursts

• This work has revealed 
surprising new results 
about the neutrino flux 
from bursts 

• Previously assumed to 
lose ≈35% of energy, 
KEPLER measurements 
suggest max. 14% and 
typically much lower see 
Goodwin poster #249, in the hall

Preliminary 
MCMC 
results



flux measurements appear to agree in general once the dif-
ference in the energy band is taken into account. However, the
burst fluence measured by both the BeppoSAX instruments are
around 40% lower than for ASCA and RXTE. The RXTE/PCA is
known to measure fluxes that are systematically !20% higher
than some other instruments (e.g., Kuulkers et al. 2003);
however, this offset is insufficient to explain the discrepancy in
the measured fluence. Furthermore, the estimate of ! from
RXTE should be independent of any systematic flux offset.
Despite the substantially higher burst fluence from the RXTE
and ASCA measurements of Kong et al. (2000), the calculated
! was still close to that measured by BeppoSAX (Ubertini et al.
1999; in ’t Zand et al. 1999). This appears to result from the
bolometric correction on the 2–10 keV RXTE/ASCA flux,
which is not quoted in the Kong et al. (2000) paper but we
estimate at 4–6. By comparison, the bolometric correction
implied by the 2–10 keV and 0.1–200 keV BeppoSAX/NFI
measurements by in ’t Zand et al. (1999) is 3.3. From our
broadband spectral fits in x 3.2, we estimate a bolometric cor-
rection for RXTE flux in the 2–10 keV band as 3:06 " 0:02.
Thus, we attribute the higher ! measured by Kong et al. (2000)
to an excessive bolometric correction factor.

4. COMPARISON WITH THEORETICAL
IGNITION MODELS

In this section, we compare the observed burst properties
with theoretical models of type I burst ignition. We calculate
ignition conditions following Cumming & Bildsten (2000) and
refer the reader to that paper for details. Since the calculation
depends only on the local vertical structure of the layer, we give
the results in terms of the local accretion rate per unit area ṁ and
the mass per unit area or column depth y. We assume a 1.4 M#
neutron star with radius R ¼ 10 km, giving a surface gravity
g ¼ ðGM=R2Þð1 þ zÞ ¼ 2:45 ( 1014 cm s) 2, where 1 þ z ¼
ð1 ) 2GM=Rc2Þ) 1=2 ¼ 1:31 is the gravitational redshift. This
value for the redshift is close to that recently measured for
EXO 0748) 676 (z ’ 0:35; Cottam et al. 2002).
We calculate the temperature profile of the accumulating

layer of hydrogen and helium and adjust its thickness until a
thermal runaway occurs at the base. The temperature is mostly
set by hydrogen burning via the hot CNO cycle and therefore
the CNO mass fraction Z, which we refer to as the metallicity.
Our models also include compressional heating and a flux
from the crust Fcrust, but the results are not sensitive to these
contributions. A factor of 2 change in Fcrust gives a 2% (25%)
change in ignition depth and burst energy for Z ¼ 0:02
(Z ¼ 0:001), with a much smaller change in the trend of these
properties with ṁ. We take Fcrust to be constant over the
timescale of the observations, i.e., Fcrust ¼ ṁh iQcrust, where
the time-averaged local accretion rate ṁh i is set equal to the
value for which the burst recurrence time is 5.7 hr, and
Qcrust ¼ 0:1 MeV nucleon) 1 (Brown 2000).
To calculate the burst energy, we assume complete burning

of the H/He fuel layer and that the accreted material covers the
whole surface of the star. The total energy is then
4"R2yQnuc#) 1

b =ð1 þ zÞ, where y is the ignition column depth,
Qnuc is the energy per gram from nuclear burning, and the

Fig. 4.—Variation of the burst recurrence time (top) and the burst fluence
(bottom) as a function of the estimated bolometric persistent flux in GS
1826) 24, from RXTE measurements between 1997 and 2002. Error bars
indicate the 1 $ errors. The curves show theoretical calculations for a range of
metallicities: Z ¼ 0:02, 0.01, 0.003, and 0.001. The solid angle ðR=dÞ and
gravitational energy have been chosen in each case to match the observed
fluence and recurrence time at Fp ¼ 2:25 ( 10) 9 ergs cm) 2 s) 1. For Z ¼ 0:02,
0.01, 0.003, and 0.001, this gives R=d ¼ 13, 10, 8, and 6 km, 10 kpc, and
Qgrav ¼ 175, 196, 211, and 215 MeV nucleon) 1.

Fig. 5.—Ratio of persistent to burst luminosity ! ¼ Lp=Lb (eq. [1]),
calculated from RXTE observations between 1997 and 2002. Error bars
represent the estimated 1 $ uncertainties. The curves show theoretical
calculations for the same values of metallicity as in Fig. 4.
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Fig. 1.— Comparison of observed and calculated lightcurves. The histogram shows the
average lightcurve from the bursts observed during the year 2000 when the recurrence time
was ≈ 4 hours (G04, Figure 2). The error bars are the 1σ variations from burst to burst.

The solid and dashed curves are the average burst profiles from models A3 (Z = 0.02) and
B3 (Z = 0.001), which have ∆t = 3.9 and 4.0 hours respectively. The inset magnifies the

rise and the initial part of the decay. The grey bands indicate the 1σ variation of the burst
profiles about the average.

3. Model-observation comparisons
• Multiple-epoch comparisons are likely 
necessary to resolve degeneracies (e.g. in 
GS 1826-24, the “Clocked burster”)

• We lack suitable tools to compare multiple 
sets of burst simulations against models

Galloway – Measuring neutron star properties from thermonuclear bursts

• Also difficulties 
balancing (e.g.) 
recurrence time 
comparisons vs. 
lightcurves

• “concord” software to 
do this is now in 
development and 
testing



4. Astrophysical uncertainties
• Distance to bursters are typically poorly 
known, introducing uncertainties to the 
burst energetics e.g. Galloway et al. (ApJS 179, 360, 2008)

• Burst emission is enhanced/attenuated due to 
the anisotropy of the environment (the 
accretion disk) e.g. He & Keek (ApJ 819, #47 2016)

Galloway – Measuring neutron star properties from thermonuclear bursts

measurements of the distance from photospheric radius
expansion, the mass accretion rate, and the α-parameter, which
is used to characterize the nuclear burning regime and fuel
composition (e.g., Chenevez et al. 2015). Often studies choose
to ignore the anisotropies, however, because the geometry and
the inclination angle of the disk are poorly constrained. Only
when dips or eclipses are observed do we have indications that
the inclination is large (Frank et al. 1987).

The detection of reflection features in two superbursts
provides a new observational constraint on the anisotropy
factors. The observed ratio of the direct and reflected burst
fluxes (the reflection fraction) depends on the anisotropy
factors, which in turn depend on the geometry of the system.
Assuming a flat disk, Fujimoto (1988) predicts a maximum
observed reflection fraction of 0.5. During the 1999 superburst
from 4U1820–30 (Ballantyne & Strohmayer 2004) and the
2001 superburst from 4U1636–536 (Keek et al. 2014b),
however, reflection fractions of up to 3 and 6 were observed,
respectively. This may indicate that the accretion disk geometry
was not flat during the burst. A disk in equilibrium is expected
to be thin (Shakura & Sunyaev 1973), but it has been suggested
that persistent accretion requires a concave shape, as the outer
disk needs irradiation by the inner part to maintain its
ionization state (e.g., van Paradijs 1996; King & Ritter 1998).
Even stronger deviations from a flat geometry may result from
the intense irradiation by an X-ray burst. For example, X-ray
heating could cause expansion, or a disk wind could be induced
by the burst (Ballantyne & Everett 2005). Keek et al. (2015)
presented an alternative interpretation of the spectra of the
superburst from 4U1636–536, which does not have large
reflection fractions but poses other problems. It is, therefore,
interesting to investigate whether a disk geometry exists that
can produce large reflection fractions. For the case of accreting
black holes, concave disks have been shown to produce large
reflection fractions (Blackman 1999). Those results, however,
are not directly applicable to accreting neutron stars, because
the illuminating source is thought to be a corona above the disk
rather than a star located in the disk.

In this paper we create numerical models to calculate the
anisotropy factors for a variety of disk shapes, including flat
and concave disks. We calculate the anisotropy factors
separately for direct and reflected burst emission, as well as
the reflection fractions. Furthermore, we discuss the effects of
different assumptions on the angular distribution of radiation
emitted by the star and reflected off the disk, and the effect of
bending of light in the strong gravitational potential close to the
neutron star.

2. METHODS

We first rederive the simple analytic model presented by
Fujimoto (1988), which describes a thin flat disk. Next, we
create numerical models of flat as well as concave disks
(Figure 1). When accretion disks undergo sudden strong
irradiation by an X-ray burst, their geometry may for a brief
period deviate from the shape predicted for disks in equilibrium
(Ballantyne & Everett 2005). We, therefore, choose generic
height profiles as disk shapes, rather than shapes based on
accretion disk theory (e.g., Shakura & Sunyaev 1973). The
accretion environment of a neutron star may be more complex.
For example, a boundary or spreading layer may be present
between the inner disk and the star (Inogamov & Sunyaev
1999; Revnivtsev et al. 2013). Depending on the accretion

flow, only part of the star may be covered, but during X-ray
bursts the entire stellar surface is thought to be covered by the
spreading layer (Lapidus & Sunyaev 1985). Our models are,
therefore, equivalent to the latter case.
Our numerical models include realistic distributions of

radiant intensity and blocking of the line of sight. We test the
accuracy of the numerical models using the analytic model.
Before describing the models, we introduce different distribu-
tion laws of radiant intensity emitted by or reflected off plane-
parallel atmospheres.

2.1. Angular Distribution of Radiant Intensity

Lambertʼs emission law states that the intensity emitted from
an ideal diffuse radiator is proportional to the cosine of the
angle ϑ between the direction of emission and the surface
normal, i.e., I constant( )m = , where cosm J= . The intensity
I ( )m is defined such that the energy transported across an area
ds in directions confined to solid angle dw during a time dt is
dE I d d dt( )m m s w= . Therefore, the flux observed at an angle ϑ
is proportional to I ( )m m.
As an alternative to Lambertʼs law, we use for the neutron

star a pure-electron-scattering (PES) atmosphere. The angular
distribution of radiant intensity emitted from the surface is
given by (Chandrasekhar 1960, see also Lapidus &
Sunyaev 1985)

I 1 2.06 . 1( ) ( )m mµ +

For the accretion disk we employ an H-function, which
applies to isotropic scattering in semi-infinite atmospheres
(Chandrasekhar 1960, see also Lapidus & Sunyaev 1985). For
a surface element on the disk that is illuminated by a constant
incident flux Fp , the angular distribution of the reflected light is

Figure 1. Cartoon of four disk shapes around a star (viewed in cross section):
flat (a), trapezoidal (b), triangular (c), and curved (d). The profile of disk b is
such that the extrapolated height is 0 at the center of the star, whereas for disks
c and d it is 0 at the surface of the star. Disk b is assumed to absorb all photons
received on the inner side. At the top, the arrows represent three flux
components: direct burst flux (1), reflected burst flux (2), and persistent
flux (3).

2

The Astrophysical Journal, 819:47 (12pp), 2016 March 1 He & Keek
X-ray reflection has only been detected during two events,

both observed with the proportional counter array on the Rossi
X-ray Timing Explorer: the 1999 superburst from 4U1820–30
(Ballantyne & Strohmayer 2004) and the 2001 superburst from
4U1636–536 (Keek et al. 2014b). Around the time that the
flux peaked, reflection fractions of ∼0.2 and 0.7 are observed,
respectively. Whereas the former value can easily be
accommodated with a flat disk, the latter value is slightly
larger than the maximum value predicted for a flat geometry. In
the tail of both superbursts, the reflection fraction is observed to
increase substantially to ∼3 and 6, respectively. Values this
high can only be produced by concave disks with partial
blocking of the star from the line of sight. This evolution of the
reflection fraction suggests that the geometry of the disk
changed from flat to concave under the influence of intense
irradiation by the superbursts. X-ray heating may cause the
inner disk to puff up (Ballantyne & Everett 2005), which would
be consistent with a geometry that can hide part of the star from
view. The burst flux and the reflection signal, however, are
weaker in the tail. Keek et al. (2015) showed that for
4U1636–536 an alternative interpretation of the spectra exists,
where the reflection fraction is unchanged from the value at the
peak. That interpretation, however, has issues as well. New
observations with future instrumentation such as NICER are
required to measure the evolution of the reflection fraction
during bursts with greater confidence.

4.3.2. The α-parameter

The α-parameter is the ratio of the persistent fluence between
two subsequent bursts to the fluence in one burst. It is generally
considered to be a measure of how much of the accreted
hydrogen and helium burns in the burst as opposed to stably in
between bursts. The material that is burned in a stable manner
makes only a small contribution to the persistent fluence,
because the gravitational potential energy that is liberated by
the accretion process is much larger than the energy gained
from nuclear burning. Its effect, however, is noticeable in the
burst fluence, since only part of the accreted fuel is burned in
the burst. Anisotropic emission, therefore, changes the
observed α-parameter from the intrinsic value by a factor

b px x (Fujimoto 1988). To compare α between sources with
different inclination angles or with theoretical predictions, the
observed α values must be divided by this factor.

For flat Lambertian disks, the observed α is larger than the
intrinsic value by up to 33% for small inclination angles
( 60q < n), and smaller for larger angles, as p

1x- becomes
vanishingly small for θ close to 90◦ (Fujimoto 1988). Our
numerical model of a flat disk with blocking and improved
modelling of radiation exhibits stronger changes in α: the
observed value is larger by up to 64% (Figure 12). The disk
with shape b has similar deviations. For disks with shapes c and
d, however, the observed α is closer to the intrinsic value: for
our choice of disk shapes, at θ=0° the observed value is
larger by at most 20%. At large inclination angles the star and
inner disk are blocked from the line of sight. This produces
either very small or very large values of α in the simulations,
neither of which are observable in practice when both burst and
persistent flux are almost fully blocked. The only exception is
the case where the height of the inner disk increases fast
(Figure 10), such that in a relatively large range of θ the view of
the star is partially blocked. This situation increases the

observed α-parameter by up to a factor ∼6 (disk c with R4 � in
Figure 12).
Heger et al. (2007) estimated the ratio of the persistent and

burst anisotropy factors for GS1826–24 by comparing
numerical models to burst observations, and find

0.65b px x = . This value can be reproduced with any of the
disk shapes that we consider. For disk shape a, this value is
reached at 68q = n, and for our disk shapes c and d, it is just
reached at approximately 63q = n where blocking of the star by
the disk starts.
Considering a large sample of bursts from many sources,

Galloway et al. (2008a) found only long bursts when 60a < ,
whereas short bursts occur with larger values of α. For both
groups of bursts, there is considerable spread in α. Further-
more, in ’t Zand et al. (2003) compiled a list of α values from
various studies, and found that α is substantially higher for
superbursting sources than for bursting sources that lack
superbursts, which could be explained by the substantial stable
burning that may be required to produce the carbon fuel for
superbursts. Part of the spread in α may, therefore, be related to
different accretion compositions or burning behavior, whereas
another part will be due to differences in the anisotropy factors
of the sources in the sample.
The α-parameter has been employed to measure the ratio of

the neutron star’s radius and mass (Fujimoto 1988). The main
source of uncertainty is b px x , which depends on the poorly
constrained inclination angle. For two sources, the mass–radius
constraints were calculated using b px x from Fujimoto (1988)
and Lapidus & Sunyaev (1985). The results are roughly
consistent, except with Lapidus & Sunyaev (1985) for the high-
inclination source EXO0748-676, which yielded an excep-
tionally large radius of 20 km2 . Using our values of b px x for
flat disk a (Figure 12) and all other parameters from Fujimoto
(1988), we find neutron star parameters similar to Fujimoto
(1988), which are consistent between large and small
inclination angles (R M M5.5 11 1.4 km( – )( )� : ).

4.4. Applications of Anisotropies and Reflection

With the present observations, it is challenging to constrain
the anisotropy factors. Nevertheless, anisotropy and reflection
have important consequences for the interpretation of burst
observations. We discuss several topics where they may play
a role.

Figure 12. b px x for different disk shapes, as presented in Figures 8 and 11.
The observed α-parameter differs from the intrinsic value by this factor.
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4. Astrophysical uncertainties
• Distance to bursters are typically poorly 
known, introducing uncertainties to the 
burst energetics e.g. Galloway et al. (ApJS 179, 360, 2008)

• Burst emission is enhanced/attenuated due to 
the anisotropy of the environment (the 
accretion disk) e.g. He & Keek (ApJ 819, #47 2016)

• Estimates of the accretion rate are made via 
the persistent emission, which suffers the 
same problem (but a different factor)

• Burst emission is affected by gravitational 
redshift, depends on (unknown) mass & radius

• With new tools and data, we can model these 
effects and then marginalize out to get 
constraints on the parameters of interest
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Ultimate goal

• A synergy of observation, simulation, and 
nuclear experiment

Galloway – Measuring neutron star properties from thermonuclear bursts

astrophysical 
parameters

numerical 
model(s)

observational 
data

observation-model 
comparisons

nuclear physics 
parameters

Cf. with talk by B. Côté



Ultimate goal

• A synergy of observation, simulation, and 
nuclear experiment
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astrophysical 
parameters

numerical 
model(s)

observational 
data

observation-model 
comparisons

nuclear physics 
parameters

fully self-consistent 
sets of model parameters 

that provide 
astrophysical 

information and can then 
be used to refine the 
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Summary and future prospects

• We now have access to a substantial 
accumulated observational dataset to 
analyse, as well as detailed models

• We are making good progress on the tools 
required to combine these elements to 
provide models consistent with observations

• Anticipate within 12 months we have a 
complete solution of astrophysical 
parameters for the best-studied source, GS 
1824-26 (or we’ll show it can’t be done!)

• Prospects for application to other sources 
are good, and incorporating nuclear physics 
may allow us to constrain reaction rates 
etc.
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