
A high energy view of our 
Galaxy

…With a focus on X-rays and things to come



What we will cover

● A view of the sky in high energies

● Let’s focus on the Galactic plane and center

○ Diffuse emission and point sources

○ I discovered a new source now what? (hands-on)

● What to hope for in the next decade or two



GAIA view of the entire sky.



GAIA view of the entire sky… But  what can we see in higher energies… so lets go to X-rays



Suspense…. 



Suspense…. 



eROSITA View of the entire sky @ 0.3-2.3 keV

https://www.mpe.mpg.de/7461761/news20200619

Red: 0.3-0.6 keV
Green: 0.6-1 keV
Blue:1-2.3 keV



Red: 0.3-0.6 keV
Green: 0.6-1 keV
Blue:1-2.3 keV



Red: 0.3-0.6 keV
Green: 0.6-1 keV
Blue:1-2.3 keV



Can you spot your favorite 
source? 

…
XRBs

…
SNRs

…
Pulsars

…
Nebula

…
Clusters

…
Galaxy clusters

…
AGN-Blazars

…
…

They are all here



FERMI LAT sky map 
~ 100 MeV - 100 GeV

Compton scattering 

& 

Pion Decay



Goals: 
● Understand feedback between nuclear activity and CGM
● Does the nuclear activity of quiescent galaxies influence their CGM?

The Milky Way's circumgalactic medium 
(CGM)



https://www.mpi-hd.mpg.de/hfm/HESS/hgps/
https://arxiv.org/abs/2107.01425
https://arxiv.org/abs/2105.00983 (Table 1)

HESS@Namibia
~ 1-10 TeV

https://www.mpi-hd.mpg.de/hfm/HESS/hgps/
https://arxiv.org/abs/2107.01425
https://arxiv.org/abs/2105.00983


https://www.mpi-hd.mpg.de/hfm/HESS/hgps/



https://www.mpi-hd.mpg.de/hfm/HESS/hgps/



INTEGRAL

The Imager on Board the 
INTEGRAL Satellite (IBIS)

Coded mask

Good for hard sources
But poor resolution



Chandra

Best mirrors available
< 1 arcsec resolution

But small field of view 
and degrades off-axis



Chandra

If we take many exposures…

Notice the bulk of sources are 
in areas where exposure is 

higher



Muno+ 2004 Diffuse emission at GC

Irregular, diffuse glow from a 
10-million-degree Celsius gas cloud, 
embedded in a glow of higher-energy 
X-rays with a spectrum characteristic of 
100-million-degree gas.

The gas could be replenished by winds 
from massive stars.

Magnetic turbulence produced by 
supernova shock waves can heat the gas 
to 100 million degrees. Alternatively, 
high-energy protons and electrons 
produced by supernova shock waves 
could be the heat source.

We still lack a complete understanding of 
the heating mechanism.



Sgr A* Ponti+ 2015



What is the radiative process in X-ray?
Duration -> size of region -> a few Rs
What causes acceleration? -> Perhaps magnetic reconnection close to 
disk? 

Yuan +03
Ponti +17b

The synchrotron cooling timescale is shorter 
than the dynamical timescale



Point sources in the Galactic center: 
Theory

Reig 2011 WD

BH

Magnetars

NS

NS/BH/WD



Point sources in the Galactic center: 
Theory

Reig 2011

S : 4 − 6 keV
M :6 − 12 keV
H:  12 − 25 keV 



Point sources in the Galactic center: 
simulations

Baumgardt+ 2017

Panamarev+ 2018



Point sources in the Gal. center: 
observations

A majority of these sources are undetectable by X-ray telescopes 
since their dominant soft thermal emission (kT <∼ 0.1 keV) and high 
absorption

Mori+ 2021



A majority of these sources are undetectable by X-ray telescopes 
since their dominant soft thermal emission (kT <∼ 0.1 keV) and high 
absorption

Mori+ 2021
Point sources in the Gal. center: 
observations



Point sources in the Gal. center: 
observations II (variability)

http://www.swift-sgra.com/

Swift monitoring campaign of the 
Galactic center. Using almost daily 
observations since 2006, this program 
has provided a unique baseline to study 
the long-term X-ray behavior of the 
central super-massive black hole Sgr A*



Point sources in the Gal. center: 
observations II (variability)

http://www.swift-sgra.com/   
https://www.swift.ac.uk/user_objects/tprods/USERPROD_62508/index.php

Mori+ 2013

http://www.swift-sgra.com/
https://www.swift.ac.uk/user_objects/tprods/USERPROD_62508/index.php


Complete the logN-logS curve for Galactic sources

The logN-logS diagram or luminosity function, traces the evolutionary 
history and spatial distribution of its constituent object classes.

X-ray surveys of the Galactic Plane show that the logN-logS relation 
turns over at low luminosities which indicates an incomplete tally of the 
objects that emit below the telescope’s sensitivity limit.

Helps us understand early evolution

Madau &
Fragos 
2016Grimm, Gilfanov & Sunyaev (2002)

Reig 2011



● What to hope for in the next decade or two

ASTRO 2020

Astronomy needs a 
combination of space-based 
and ground-based missions 
across all wavelengths for 
new discoveries

Either a next-generation 
far-infrared observatory (like 
the proposed Origins) or a 
next-generation X-ray 
observatory (like the 
proposed Lynx) should 
proceed.



https://gammaray.nsstc.nasa.gov/Strobe-X/                              https://hexp.org/         

https://axis.astro.umd.edu/ 

https://gammaray.nsstc.nasa.gov/Strobe-X/
https://hexp.org/
https://axis.astro.umd.edu/




Chandra

We can try to get a bit more area

Just right above and below Sgr  A*



Chandra

And we can go 
left and right



Credit: Arash Bodaghee




