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Perspective
Since 1989 X-ray Astronomy

has gone from a ‘Galileo’ era to a "Hubble’era
0.1”

Angular resolution
[
<

Year

X-ray astronomy took just 40 years

to match 400 years of optical astronomy
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How did X-ray Astronomy do that?

Best angular resolution

Bologna Year
(XUB) Ettori
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X-ray Imaging Since 1969

HYSICS



NUMBER OF COUNTS

Ten billion times more sensitive

1962: Sco X-1 107 cgs

Prize
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Einstein Observatory

TYCHO®S SUPERNOVA
EINSTEIN OBSERVATORY 12@ ARC-SECS? ]

1983~ 1986/
- 1600 cm?:.
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30 Years of Rapic

NONVAVE
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1989 - 1999 {2009) 2019
30 Years of Rapid Progre -ray Astronomy

Chandra ' : R Suzaku

1999 - >2019 2005 = 2075
700 crZig . low background

- 1999 — >2019 -

6 arcsec
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1989 - 1999 — 2009
30 Years of Rapid Progress in X-Tay Astronomy

Chandra ' ' Swift
1999 - >2019 2004 - >2019

NUSTAR
2012 - >2019

XMM-Newton
1999 — >2019

Spectrum-RG
2019 —

All Sky Survey // n

,\
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@ 2009 — 2019

ogress in X-ray Astronomy

ROSAT ' ASCA TE
1990 — 1999 - o903 _ 2001, iz 995 — 2012

E EXOSAT
LB = 1053 195

- 1600 cm?:
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W

30 Years o ! Astronomy

Swift
2004 - >2019 A

Agility | ks (et

“a

s ﬁm‘%

That’s a huge investmentin a smaII band of astronomers

" B NUSTAR: .
2012 - >2019

XMM-Newton
1999 — >2019

Spectrum-RG =
2019 —

All Sky Survey // n

LRy,

,,~
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Bologna
The State of the Art in X-ray Astronomy

6 Science Sessions:
1. Multi-messenger and transient astrophysics 7 talks

2. Sources in galaxies, point and diffuse 17 talks

3. Hot and Diffuse Plasma 15 talks

4. AGN physics 14 talks

5. AGN demography and evolution 15 taiks 33 AGN talks /
6. Cosmic frontiers = high z SMBH 4 talks 46%

Lacking: White dwarf systems? SN & SNR? Blazars? Stars? Star formation? Planets?

Imbalance in the field?

or just at this conference?
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2019 Bologna
s there an X-ray Astronomy anymore?

1. Multi-messenger rophysics 1/7 pure X-ray
2. Sources in galg S 8/17 pure X-ray
3. Hot and Diff 9/15 pure X-ray
4. AGN phySIC 7/14 pure X-ray
5. AGN democ Multi  velength 2/15 pure X-ray
6. Cosmic front 2/4 pure X-ray

Overall 29/61
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2019 Bologna
personal highlights

What's new?
What opens paths to the future?

i.e. What would | advise a student to work on?
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X-ray relative amplitude

2019 Bologna
personal highlights

New acronyms!

SFXTs (Lara Sidoli) “supergiant fast x-ray transients
TOEs (Barbara De Marco) “transient obscuring events”
QPEs (Giovanni Miniutti) “quasi-periodiceruptions”
- new phenomena; new astrophysics.

2018 Dec 24 2019 Jan 16/17 2019 Feb 14/15
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2019 Bologna
personal highlights

Anjali Rao: Using Gala to learn about XRB origins

5

] UCXB . eqe
‘o t astrophysics New! Agility!
s} Short period binaries far from plane
— ULX nebulae
U .
&3 (Tim Roberts,
N ® Andrea Belfiore)
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2019 Bologna
personal highlights

_ gamma:a:;/zf.b. : = The Origin Points of the Fermi Bubbles
RS . W -160  (Gabriele Ponti)

light years /arge fOV, low background

A *
s oalactic plane - 2

Base of gamimia:ray, bubbIEHS

B . %

ESA News/XMM-Newton/G. Ponti et al. 2019, Nature
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2019 Bologna
personal highlights

3. Hot and Diffuse Plasma

Cluster cosmology via X-ray+S-Z Cosmic Web:

(Stefano Ettori, D. Barnes, Absorption (Fabrizio Nicastro)

Vittorio Ghirardini) Emission (Thomas Conner)

Can reach 5%. Web theory getting good (\Mizo Li)
Was great. Just possible but very expensive

Now good. > Athena IFU (Point source removal?)
Soon not good enough ® 2 Lynx LXM (=1FU) + XGS (gratings)

Can we reach 1% - 2%? (Pop) Don’t rule out Arcus!
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2019 Bologna
personal highlights

4. AGN physics
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X-ray "Corona” is similar to a Tokamak

Tokamaks are notoriously unstable
corona sound crossing time ~1 day
Yet tight L,/Lx correlation

AGN Corona ITER
T ~108 K T~108 K
N, ~10"% cm-3 N, ~10" cm3
B > 10° gauss B ~ 10° gauss
Martin Elvis, melvis@cfa.harvard.edu . LENITEKR FOR
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keV (Photons cm™ s~' keV-")
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2019 Bologna
personal highlights

NGC4151: Differential Emission Measure Distribution

A XMMSL2 J1404-25 TDE
“Corona” appears in <7 days

‘ﬁ—ﬂ% (Richard Saxton)
?‘l‘
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“Tidal Disruption Events are the Green’s functions of SMBH” :
- Ski Antonucci
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2019 Bologna
personal highlights

Cosmography with Quasars
40 tension ACDM (Beta Lusso)

Ly/Lyy relation good to z>6
(Vito)

5. AG
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2019 Bologna
personal highlights

6. Cosmic frontiers

“Cosmic Dawn to Cosmic Noon”
(Overzier)

Martin Elvis, melvis@cfa.harvard.edu CENTER FOR BAERE RTINS
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If z~ 10 is
Cosmic Dawn




What is today, z=07







2019 Bologna
personal highlights

SMBH at z>7 are detectable with Chandra
Must be rare.

(Aird, Cappellutti, Vito, Nanni)

— Athena and (especially) Lynx

6. Cosmic frontiers

Cluster progenitors @ z>4 (Overzier)
Large faint structures = Athena WFI
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2019 Bologna
personal highlights

/. Future Missions
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more 2019 2029 — 2039 - 2049
30 Years of Rapid Progress in X-ray Astronomy?
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2019 £ 2029
10 Years ot OK Progressin X-ray Astronomy

Two aging giants

How can we do new things with them?

Chandra MM-Newton
1999 - >2019 ; 1999 — >2019
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2019 - 2029
New Science with Old Missions

XMM example: Large Programs

Quasar Cosmology: EPIC
WHIM/IGM: RGS

more Megasecond programs means fewer programs

Chandra MM-Newton
1999 - >2019 : 1999 — >2019
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2019 - 2029
New Science with Old Missions

Chandra examples:

Stacking: Fornasini z-2 XRBs
Sub-pixel ~1/4" imaging: Fabbiano AGN feedback

MRK573 sub-pixel ACIS image
(Alessandro Paggi)

MRK573 HST [OlIl] image
(Pagsgi)
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Number of known sources

Since 1989 X-ray Astronomy

has gone from 1000 to 1 million sources
1012 & optical

108

106

104

100

Bologna Year
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3XMM- Pt R I e
ORS L ','f’l‘m_illion X-ray S.ou.rce's-'.y %
513,000 <% .o | coRitab

sources

o Oppgrtunlty/ L
X ray astronomy enters the Blg Data era
What new rare objects Ire W|th|n?

Need' New statistical tool L f'f"‘;‘;.“-;

CSC 2.0
315,000
sources

15°




2019 - 2029
X-ray Astronomy with Large Samples

Well-built Archives Enable New Science

Thousands of X-ray binaries
(BretLehmer) . = y

—

Stellar Mass (M.)

cf. Talks by Zezas, Fornasini, and Svoboda
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2019 — 2029
10 Years of OK Progress in X-ray Astronomy

Real new missions

! ‘ D= :

S t G - ;
2%?(9: iLg(;)24+ 1/: ~ \ 2021 - 2023+ ‘
All Sky Survey //m : X Polarization of =
LRl bright sources _#55
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Will these be enough to support today’slarge X-ray astronomy community?

Wished for new missions GW follow-up desiderata:
Agility,
HERMES - FORCE - THESEUS - eXTP - ARCUS-StarX ? Sensitivity,
TAP - HEX-P - STROBE-X - AXIS ?? Field of regard,
Mapping speed
Martin Elvis, melvis@cfa.harvard.edu CENTER FOR
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more 2019 — 2029 — 2039 - 2049

30 Years of Rapid Progress in X-ray Astronomy?

by 2029

devoutly wished for

ESA
HERMES FORCE Theseus
Swarm high-E M5
(Burderi) (Mori) (Amati)

China
eXTP
(Zhang)

NASA (Petre):

Explorer-class
ARCUS
STAR-X

Martin Elvis, melvis@cfa.harvard.edu
X-ray Astronomy, Bologna, 13 Sept 2019.

Probe-class
TAP

HEX-P
STROBE-X
AXIS
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more 2019 £ 2029 — 2039 -)2049
30_Years of Rapid Progress in X-ray Astronomy

Our telescopes have been laughably small to an optical astronomer
For photon rates 1/1000 as high
Now starting the dinner table era
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more 2019 £ 2029 — 2039 2049
20 Years of Rapid Progress in X-ray Astronomy

from dinner plate to dinner table areas

ATHENA?

The extremes of the Universe:
from black holes to large-scale structure

CRODEEEEES ' D Y O REPORT

Assessment Study Report
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o 2019 —2029 — 2039 Y 2049

20 _Years of Rapid Progress in X-ray Astronomy

Wﬁjfﬁgﬁﬂ@i\\/deNx

Orders of magnitude gains in many parameters

p\THENA

Effective area Field of view W/ PSF <1”
at 6 keV
<3
CHANDRA

Normalized to 1

Energy resolution
at 6 keV

Gratings effective area

Energy resolution at 0.6 keV
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2019 — 2029 — 2039 € 2049
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"Eppu uove"”

absolutely everything
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Tycho

i

Also: Cas A, Crab, M87 jet




more 2019 — 2029 2039 2049
30 Years of Rapid Progre =Tay Astronomy

Nothing is really a point source

Xray In (Ll)c \cw ]ﬂork Eimesg ptior

NI T P — lution:
the powe] ptry
) call

EVINT HERECN TEDROM COLARRATIN, A ASTAM. ICEACE FOLMMTTA

d | Scientists captured a view of 2 black holle at the heart of a galaxy known as Messior 7, some 33 million light-yoars away from Earth.

: Peering Into Light's Graveyard: The First Image of a Black Hole
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