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HIGH RESOLUTION SPECTROSCOPY

What does that actually mean?
 

Orbital modulations

Doppler shifts

Emission lines

More complexity - More insight!

A lot can be done with current  instruments while we prepare for
New-Athena

HMXBs are ideal laboratories for exploiting high-resolution
spectroscopy. 



  

Context: high-mass X-ray binaries

● O/B-type donor + compact object embedded in a dense stellar wind

● X-ray variability traces wind structure, orbital geometry and accretion

● Absorption, fluorescence and Doppler shifts provide phase-resolved
diagnostics

The compact object acts as a moving probe of the
donor’s stellar wind. We can observe:

● Emission lines

● Orbital dynamics 

● Time variability

Let us now see how these diagnostics can be explored
through code and results.



  

The disc-fed system Cen X-3

Low-hard / high-soft transitions
Eclipsing system

Examples on an Chandra observation taken in the state transition
during the egress



  

The magnetar-candidate HMXRB
4U 0114+65

One of the slowest known neutron stars.
Every pulse is different
The source exhibits rich time variability

Examples on a set of 9 Chandra observations
in different orbital phases



  https://xragua.github.io/xraybinaryorbit/

pip install xraybinaryorbit

Orbital modulations python package

https://xragua.github.io/xraybinaryorbit/


  

Ballistic movement around the NS in
state transition of Cen X-3

The Fe XXV emission lines show energy shifts with respect to their expected
rest-frame values. We fitted these shifts with fit_disc_ps() from
xraybinaryorbit, allowing us to infer the trajectory of the emitting plasma.



  

NH to constrain wind parameters in
4U 0114+65

Using fit_nh_ps()  from xraybinaryorbit,  we fitted the integrated
column density traversed by the neutron-star radiation along the line of
sight for three different orbital phases corresponding to three different
observations.

The fit, based on a particle swarm algorithm, allowed us to infer the orbital
inclination and the stellar-wind mass-loss rate.



  https://xragua.github.io/dipspeaks/

pip install dipspeaks

Dips and spikes in light curves



  

Arrival of train of clumps in transition
state of  Cen X-3 

Chandra observation in the transition state
(low-hard to high soft)

Clump candidates: dips pronounced in the low
energy range.

We detected clump candidates in transition
state, accompanied by plasma cooling and
enhanced absorption



  

Spikes compatible Rayleigh–Taylor
instabilities in 
4U 0114+65

9 Chandra observations in different
orbital phases.

Spikes caused by accretion: best in
the high-energy range.

Spikes compatible with RTI-driven
accretion were observed in this set
of observations.



  

 EMISSION LINE DETECTION
Public in repository https://github.com/xragua

In collaboration with Luis Abalo

https://github.com/xragua


  

BLiSS (BLIND SEARCH SYSTEM) 
CREATED TO BE REALLY BLIND:

You only need your spectra:

Continuum independent
Line-list independent
Probabilities estimated with Gaussian mixture models
Line identification for a given Doppler velocity window



  

Take-home message:
Current high-resolution X-ray data already allow us to test tools
and methods in preparation for NewAthena.

HMXBs provide natural laboratories for orbital, wind, and accretion
diagnostics, making them especially well suited for high-resolution
X-ray analysis.

Open tools such as xraybinaryorbit, dipspeaks, BLiSS, and
many others can help make this analysis more reproducible,
systematic, and accessible.
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