Unsupervised spectral
decomposition of X-ray binaries with
application to GX 339-4
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Canonical spectral components
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But... how they vary across the

hardness-intensity diagram?
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Also... problems in spectral fitting: multiple
spectral models fit the same data

Cyg X-1: Identical data, different fits, similar statistics
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Blind source separation

measured Signals unmixed Signals
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k = the degree of factorisatio

Classical cocktail party scenario: different microphones re
of sounds from a handful of sources, but receive them
depending on their spatial location in the
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Decomposing the X-ray spectral
data

e the microphones are instead the
energy bands that record the same
mixture of photons from a handful
of emission processes but receive
them slightly differently depending
on the energy of the band in
question.
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Decomposing the X-ray spectral
data

\

~

O
O

e the microphones are instead the
energy bands that record the same
mixture of photons from a handful
of emission processes but receive
them slightly differently depending
on the energy of the band in
question.

S mEaEaaay.

=
S
&

The X-ray Universe 2014, 16.-19.6.2014, Dbl



Unmixing (or factorising) the dato
inearly

« Bad: Tendency to exaggerate or diminish the factorised components. The weights have positive
and negative values resulting in pivoting behaviour of the spectra.

2. Independent component analysis (ICA, e.g. Hyvarinen+ 01)
* Good: Higher order method. Good for noisy data and signal separation.
« Bad: Same as PCA. No unique solutions.
3. Non-negative matrix factorisation (NMF, Paatero & Tapper 94, Lee & Seung 99)

* Good: Samples are represented by non-negative combinations of canonical components.
Potential to disentangle canonical components which often overlap to create particular
community samples.

« Bad: No unique solution.
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Testing the different methods with

simulated data

Koljonen, in prep.
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Determining the degree of
factorisation

ICA

e How many components?
e PCA: Fraction of variance, X*-diagram
e ICA: X?-diagram
e NMF: X2-diagram

e All agree on 6 components
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Example of the weights and signails

of NMF
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Example of the weights and signails

of NMF
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Example of the weights and signails

of NMF
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Example of the weights and signails

of NMF
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Non-linear effects

NMF
0.05

0.00 0.10

Non-linear effects in the spectra
caused by the parameter evolution
(e.g. power law 1ndex, cutoff energy)
can be taken into an account by
adding factorised components
together

Disk flux

PL flux

NMF performs the best in separating
the disc and power law emission.




Fitting the factorised components

Based on the non-negative nature of
NMEF the factorised disc and power
law components can be fed separately
for spectral fitting to obtain values for
different spectral parameters.

The parameters of the spectral
components are fairly well
constrained 1n high flux regimes.
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Fitting the factorised components
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Using real data from GX 339-4

Four outburst from 2002, 2004, 2007, 2010. 934 RXTE spectra.

Koljonen, in prep.
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Disc/PL fraction luminosity diagrams:
studying the disc and PL without any

spectro\ f|tt|ng

Koljonen, in prep.
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The flux level when changing from the lower hard state to the
spectra in the soft state.

Critical luminosity indicating a change in the geometry of the accre
condensation/evaporation of Meyer-Hofmeiste
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Fitting the factorised disc and power
law components

e Similar results to previous studies
(Dunn et al. 2008; Del Santo et al.
2008; Motta et al. 2011; Stiele et al.
2011; Cadolle Bel et al. 2011)

e Upper hard state: increasing power
law 1ndex, decreasing cutoff energy,
increasing the disc normalisation.

e Emergence of the disc
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Temperature-luminosity correlation

Koljonen, in prep.

e At the soft state the disc luminosity i1s
driven by the Sgisc ~ Rin?T* -relation.
: : , Sdisc ~ T7 |
It 1s usually assumed that this relation | - Absorption? W M M
is achieved when the inner disc is Lack of soft M4
located at the ISCO, though a multiple
factors can affect this scaling (Salvesen
et al. 2013).

0h10)80 . ¢ < v 1dC U1 Udld U C1
than 3 keV (e.g. Dunn+08 show Sdisc ~
T47, for PL fraction < 0.2, when

extending the model to lower energies 0.70
and removing the absorption.
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e The disc-temperature relation starts ﬁ !
right after the transition to the soft ST
state, 1.e. the inner disc seems to be at AL
the ISCO 1n the beginning of the
intermediate state.

Sdisc
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Conclusions

The non-linearities present in the original spectral components can be taken into an
account by adding multiple linear components together based on their weights across
the spectral energies.

Out of the three methods used to tackle a simulated data set we showed that NMF
performs the best over PCA and ICA with the additional benefit that the factorisations
can be used to fit spectral models separately.

Analysis on GX 339-4 data indicates that there might exist a critical luminosity (or
mass accretion rate) where the system accretion geometry changes.

It seems plausible that the inner edge of the disc is at the innermost stable orbit in the
beginning of the intermediate state right after the peak of the outburst.

The X-ray Universe 2014, 16.-19.6.2014, Dublin KSKQl)oifen



Thank you for your attention!
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Questions?

...0r send them to
karri.koljonen@gmail.com
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Future

e de on of the accretion disc in the low disc flux states using several sources
and detectors with softer X-ray bands.

Different timing scales could be deployed depending on the quality of the data for e.g.
to try to detect the spectral component causing the quasi-periodic oscillations in
XRBs.

Also these methods provide an alternative way of detecting the spectral components
without performing actual spectral fitting, which might prove to be an interesting
asset when dealing with large datasets.



