A high energy view of our
Galaxy

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



What we will cover

e A view of the sky in high energies

e Let's focus on the Galactic plane and center
o Diffuse emission and point sources

o | discovered a new source now what? (r@

e \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....
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eROSITA View of the entire sky @ 0.3-2.3 keV

Green: 0.6-1 keV e o
Blue:1-2.3 keV -

https://www.mpe.mpg.de/7461761/news20200619
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Navigating the eROSITA X-ray sky ) SRR

source?

Coma Cluster  g.ox.1 .,
Cygnus Cyg X-1 VlrgOsC|uster

Shapley Supercluster
Superbubble 5 XRBs

Centaurus Cluster

Cas A :
Crab Pulsar SNRs
Pulsars
Nebula
i ) Clusters
. _' Galaxy clusters
s T i AGN-Blazars
@ % Orion Nebula
G156.2+05.7 2
SNR Vela SNR

Perseus Cluster
Cyg X-2

Fornax Cluster They are all here

Cygnus LOOp Large Magellanic Cloud

b SRG/eROSITA 0.3-2.3 keV - RGB Map VIPE




FERMI LAT sky map
~ 100 MeV - 100 GeV
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Fermi data reveal giant gamma-ray bubbles

The Milky Way's circumgalactic medium
(CGM) Diffusegas

300 kpc
Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.

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



Planck CO(1-0) map

O H.E.S.S. Survey
[1 HEGRA Survey
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The X-ray population of the Galactic Center viewed with INTEGRAL

INTEGRAL, 2040 keV
Bélanger et al. 2006
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, _ , , Chandra
The X-ray population of the Galactic Center viewed with INTEGRAL and Chandra

Best mirrors available
< 1 arcsec resolution

. INTEGRAL, 20—40 keV @

Chandra, 0.5-8 keV Bélanger et al. 2006

Muno et al. 2009

: . But small field of view
Chandr‘a, 0._5—8-kev . . A and degrades off-axis
Muno et al. 2003 : i 'e

INTEGRAL, 30-80 keV  Krivonos et al. 2021 .




The X-ray population of the Galactic Center viewed with Chandra

Chandra, 0.5-8 keV
Muno et al. 2009

2.25 Ms total exposure
2-deg x 0.8-deg

sensitivity limit (at 8 kpc):

4x10%2 erg/s at 12 ks
10%2 erg/s at 1 Ms

9017 X-ray sources

Chandra

If we take many exposures...

Notice the bulk of sources are
in areas where exposure is
higher




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.




Galacuc lanae

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

Synchrotron model

SSC model
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Point sources in the Galactic center:
Theory
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Fig. 1 Classification of X-ray binaries.
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Point sources in the Galactic center:

Theory

Black Holes

Transient
Persistent

Reig 2011

disc-fed
wind-fed
SFXT

Fig. 1 Classification of X-ray binaries.
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Point sources in the Galactic center:
simulations
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Figure 6. The number of BHs as function of time. The red, green
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and 0.3 pc respectively.



Point sources in the Gal. center:

Table 2. Classification of LMXBs in the GC

observations .
Source # of sources Location Recurrence time Compact object type Orbital period range
= v Ra r n 2 vra a A ¢ )
e Non-thermal sources 12 r'S 1 pe 2 13 yrs BH ~ 4 —12 hrs
10 = \S/):)(()': SXOTS (single X-ray outbursters) 4 risi2ipe Z 13 yrs BH? 7.9 hrs® or ~ 4 — 12 hrs®

B Magnefar NS-LMXBs 6 723 pc <5 yrs NS 8.35 hrsd otherwise unknown

Recurrent VFXTs 5 r < 10 pc = 10 yrs Unknown Unknown

VFXTs with single outbursts 4 r % 10 pe =210 yrsb Unknown Unknown

Number of X-ray Transients

0 10

20 30 40

Distance from Sgr A* (pc)

absorption

50

Source name

Photon index

Lx [10%! ergs™!]

Variability significance [o]®

174539.87—290034.2
174540.38—290033.5
174540.40—290024.1
174540.45—-290036.3
174540.79—-290024.5
174539.40—290040.9
174540.95—-290031.2
174541.03—290026.8
174540.63—290013.4
174539.48—-290045.8
174540.37—290049.9
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A majority of these sources are undetectable by X-ray telescopes
since their dominant soft thermal emission (kT <~ 0.1 keV) and high
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POInt sources In the Gal Center Table 2. Classification of LMXBs in the GC

observations e .t
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Point sources in the Gal. center: http://www.swift-sgra.com/
observations |l (variability)

0 2 0.0055 0.012 0.021 0032 0046 0063 0085 on 9 0 0.009 0.02 0035 0053 0.075

Sgr A" 0.3 - 10 keV (Degenaar et al. 2013)

e e o OWIFE 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*
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Point sources in the Gal. center:
observations Il (variability)

Rate [ cts™1]

Rate [cts™ ]

Sgr A*: 2.0 - 10.0 keV (c.f. Degenaar et al., 2013)

http://www.swift-sgra.com/
https://www.swift.ac.uk/user objects/tprods/USERPROD 62508/index.php
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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.
‘HMXB ‘ .@

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.

Reig 2011
HelpS us understand early evolution Fig. 1 Classification of X-ray binaries.
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e \What to hope for in the next decade or two

Worlds and Suns
@ in Context
= %)
4 A
‘/O Great Observatories Mission and Technology Maturation Program a % '
@ IR/O/UV Flagship 8 ° /
O L
Possible Far-IR Probe
G Possible X-Ray Probe

@ Time domain/multi-messenger program

(%) W

New Messengers
and New Physics

4]

@ R e e e
e
@ Gravitational Wave Detector Technology Development
Cosmic Ecosystems
&0 IceCube gen-2

2022 2030 2040 2050

TIME

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.



AXlS.;

Advangeé)&ay 1mag|ng Satelhte

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

S | @BE?( HOME SCIENCE INSTRUMENT TEAM RESOURCES NEWS MEETINGS CONTACT

|

STROBE-X

A Probe Mission Concept
to Study X-ray Timing and Spectroscopy i
on Dynamical Timescales from Microseconds to Years 4" &8

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


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

1 arcsec on-axis
2 arcsec 15’ off-axis

Point source detection,
separation, excision

Soft and hard X-ray

Bandpass 0.2-10 keV e nstivity
Effective Area 5600 cm? @ 1 keV Faint/low surface
(including detector) 1200 cm? @ 6 keV brightness source analysis
. ~150 eV @ 6 keV e .
Energy Resolution (CCD resolution) Emission line separation
Readout rate <50 ms Variable source analysis

Field of View

24 arcmin (diameter)

Extended source analysis,
surveys

Detector Background

4-5x less than Chandra

Sensitivity to low surface
brightness

Slew Rate

120 deg / 5 min

Observing efficiency /TOOs

Energy (keV)

Large Area Detector
2-30 keV

X-ray Concentrator
Array
0.2-12 keV

NuSTAR Athena/X-IFU HEX-P
bandpass 3-79 keV 0.2-12 keV 2-200 keV
angular resolution 60" 5% 5%
spectral resolution 600 eV @ 6 keV 2.5eV 200 eV @ 6 keV
[FWHM] 1.2 keV @ 60 keV below 7 keV 0.8 keV @ 60 keV
timing resolution 1 psec 10 psec 1 psec
field of view 13'x13' 5’ diameter 13'x 13’
S O 840 cm? 2400 cm? 5800 cm?
eV
Wide Field
Monitor
(2-50 keV)




Chandra

We can try to get a bit more area

Just right above and below Sgr A*

504 ks total exposure
2 x b-deg x 1-deg
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1640 X-ray sources

The X-ray population of the Galactic Center viewed with Chandra

2.25 Ms total exposure
2-deg x 0.8-deg
’ ¥ sensitivity limit (at 8 kpc):
. 4x10%2 erg/s at 12 ks

| 10%erg/s at 1 Ms

" »
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. X N . w ’ . 9017 X-ray sources

. U T
Y . i ‘ Chandra, 0.5-8 keV |
. e -‘Q 2 pQOE Muno et al. 2009 |

Y O%H €) OF e B
e e R A
P RN
o o ¥y 5
iy o9 o "q
- . A0
Je PR - . O ¢
RO 1

* Al

Chandra, 0.3—8 keV
lonker et al. 2014




The X-ray population of the Galactic Plane viewed with Chandra At

Chandra, 0.5-8 keV & 200 ks total exposure (20 ks avg) And we can go
Ebisawa et al. 2005 1) : 250 arcmin? left and right
S Ay sensitivity limit (0.5-2 keV):
A0 5 By 1 2x10-'6 erg/s/cm?
s A \
3 \; 3 a
“ '.'“?&f';.i o .-*. 1 274 X-ray sources

Galactic Longitude

e T T Nz
TR

Chandra, 0.3-8 keV
Jonker et al. 2014

. . - . . 4 . 225 Ms total exposure
. 2-deg x 0.8-deg
sensiity limit (at 8 kpc):

s 2D : * 500 ks total exposure (20 ks-avg) - X e i

. : : 2-deg x 0.8-deg _ ‘ 3
P x4 ’ sensitivity fimit {2—10 keV): : s iads

AL 10-1> erg/s/cm2,

Chandra, 0.5-8 keV 2 . :
Fornasini et al. 2014 . . 2iv1445 -ray sources




AXIS can obtain sub-arcsecond positions and flux information for all active X-ray sources in the Galactic Plane.
Plus, an AXIS survey of regions previously seen by Chandra will permit variability studies for sources therein.

Requirement: a consistent, narrow PSF(~1") across a large FOV (20-30 arcmin);

A 50-deg x 4-deg survey needs 1488 pointings

(24-arcmin FoV with 10% overlap between adjactent tiles).

For 1 ks per pointing (10 ks in select regions), the total exposure time is 1.5 Ms (2 5 Ms).
Compare this with the 3.5 Ms allocated to Chandra surveys.
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ﬂﬁl Chandra; Q.5‘«~‘8 keV - 1 W o
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Chandra 0.5-8 keV
Fornasm| et aI 2014 4
¥y ;"’: T SRR e
'T‘f* 5
Credit: Aras

green: Chandra observations up to 6/2022




The X-ray population of the Galactic Center viewed with Chandra and NuSTAR

Chandra, 0.5-8 keV
Muno et al. 2009

2.25 Ms total exposure
2-deg x 0.8-deg
sensitivity limit (at 8 kpc):
4x10%2 erg/s at 12 ks
10%2 erg/s at 1 Ms

9017 X-ray sources

o ’%&g: ‘ t;". :

1.7 Ms total exposure
1.2-deg x 0.5-deg
sensitivity limit (at 8 kpc):
2x10% erg/s at 25 ks
4x10%2 erg/s at 160 ks

77 X-ray sources

-
52, 2' 7 ,54' =
- =¥
GRS 1741.872853 42"

58,
Arches

1E 1743.1-2843

NuSTAR, 310 keV 3
Hong et al. 2016 3

confident Chandra association (58)

unclear Chandra association (19)
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