Completing 20 years of Swift/XRT
Monitoring of the Galactic Center

Nathalie Degenaar (University of Amsterdam)

Jamie Kennea, Mark Reynolds, Rudy Wijnands, Jon Miller + collaboration



Factsheet Swift/XRT Campaign
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: ~25 arcmin /.~60 pc

Start: -

2006 February

Cadence: -
1 ks / day

Sensitivity: L
L,~5x10% erg s

So far:
3550 pointings (3.3 Ms)



Why the Galactic Center?

Rich environment to study compact objects

Supermassive bl'ack_ hole |
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Why the Galactic Cente8

Rich environment to study compact objéects
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Why Swift/XRT?

Resol_g.tidn, sensitivity, flexibility
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Why Swift/XRT?

Resolution, sensitivity, flexibility

| . : SWift
Ly> 5")'61033 erg s!
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Why Swift/XRT?

Resolution, sensitivity, flexibility

High observing cadence = highest
chance to detect brief events

\ Swift survey

Galactic center

Carbone & Wijnands 2019
Transient detection strategies
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Why Switt/XRT?

Resolglon sen51t1V1ty, flexibility “

A s -
% Resolve transients
in crowded region

" <% Detect 100-1000x

fam‘ trarﬁlents
< De

t‘rate of
short ived®transients




Science Highlight I
Our supermassive black hole

Accretion from stellai‘ winds nuclear star cluster

Low accretion rate / luminosity
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Science Highlight I:
Our supermassive black hole

-
Low accretion rate / luminosity

L.~10% erg/s
Sgr A*

2x103°
)
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Occasional X-ray flares
L, up by factor 10-1000

1%x103°

(gaps due to
active transients)

5x10%*
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Science Highlight I:
Our supermassive black hole

-
Low accretion rate / luminosity

L,~10% erg/s Cause of X-ray flares =

open question
Magnetic reconnection?
Accretion of comets?
Blobs accretion stream?

Sgr A*

Occasional X-ray flares
L, up by factor 10-1000

Important role Swift
Detecting them -

Last hours, easily
2006 2008 2010 2012 2014 2016 201 mlssed
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Science Highlight I:
Our supermassive black hole

-
Low accretion rate / luminosity
~1033 .
L,~10% erg/s St Cause of X-ray flares =
- ck open question
- Andes+2022 ) Magnetic reconnection?
5 Sgr A* 2017 ‘ Accretion of comets?

Slgnlﬁcant \ observed CDF
changes =2

only Swift <
can do this Important role Swift

SgrA*2012  teey Tl ‘ Detecting them -
observed CDF | .
L flaring rate +

Blobs accretion stream?

Cumulative distribution

Count rate (c/s)



SciencerHighlight II: o
X-ray binary demographics
N0,

Science questions
- Number and spatial distribution of X-ray binafies
- How many neutron stars vs black holes
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- Binary formation in dense
- Supernova physics
- Rates of GW mergers in galactic nuclei




SciencerHighlight II: o
X-ray binary demographics
N0,

Science questions
- Number and spatial distribution of X-ray binafies
- How many neutron stars vs black holes

Important for
- Binary formation in dense
- Supernova physics
- Rates of GW mergers in galactic nuclei

Role Swift
- Detecting + characterizing v
- Building up statistics




SciencerHighlight II:
X-ray binary demographics
49 outbursts from 13 transient X-ray binaries

/“new transients ¢

2.5 outbursts per year, one new source every ~2.5 yr
60% of outburstsi@ire faint (<10°° erg/s)
2006-2024 campaign overview (18 years)

Transients
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Year



SciencerHighlight II:
X-ray binary demographics

Swift detection +
charact®&ization of
transient X-ray binaries




SciencerHighlight II:
X-ray binary demographics

Two new: Candidate black holes

Swift detection +
charact®&ization of
transient X-ray binaries

— SWIFT J174540.7—290015
- — SWIFT J174540.2—290037
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ime since start of 2016 monitoring on MJD 57424 (days)



SciencerHighlight II:
binary demographics

Two new: Candidate black holes . ;
I ‘ [ I —‘vau-‘r J174I@54o_7729c]>o15 SWlft deteCtlon +

- — SWIFT J174540.2-290037 | Charactaization Of
transient X-ray binaries
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SciencerHighlight II: o
X-ray binary demographics
O
Science questions

- Number and spatial distribution ® Mori+2021
- Neutron stars vs black holes
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B NS LMXB
Bl BH LMXB
Important for

£
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- Binary formation = 1 Magnetar
- Supernova physics >
- Rates of GW mergers v
o
Role Swift
s
Z

- Detecting + characterizing
- Building up statistics
(only accessible to Swift)
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Summary of 18 years (going strong)

Main science iopics Outputs
Flares Sgr A* 20+ refegeed papers
X-ray binary'démographics : 50+ ATels

15+ student projects

Trigger for many
> other observatories
.
Serendipitous science
Arches massive star cluster .
magnetars

transitional millisecond pulsars




Three Take-Away Points
1) Why Galactic center
Extremely rich to study compact objects

2) Why Swift
Crowded regien, man:

t-lived, faint events

3) Many different science results
Supermassive black ﬁole, X-ray binaries
Other (rare) transients ‘ 5
Rich data set, still lots to explore




Three Take-Away Points

’ .
1) Swift is awesome  *
3 »
]
2) Swift is awesome
.

3) Swift 1s awesome:




Deleted scenes



Serendipitous Science:
Flares from the Arches Cluster
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Swift & Event Horizon Telescope

Detecting flares essential for EFHT imaging = role Swift

EHT+ALMA (230GHz)
MAGIC (TeV)
W HESS (TeV)
| NuSTAR (X-ray)

Chandra (X-ray)

i VLT (IR)

VLT Flare -| Chandra Flare -! GMVA+ALMA (86GHz)
I | EAVN (43GHz)
EAVN (22GHz)

Multi-wavelength coverage Sgr A* during EHT operations 2017



Very—fain;c X-ray binaries

Model outbursts with accretion disk models
—> Evidence for small disks = small orbitalﬁeriods
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Switt Transient X-ray binaries

Extended XMM J174457-2850.3
low-intensity states Peculiar neutron star X-ray binary

Swift (XRT)
m XMM-Newton (EPIC)
X X-ray burst detection (first ever)
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Peculiar XMM ]174457-2850.3:
Similar to Transitional Objects?

Neutron stars switching between X-ray binary / Radio Pulsar
Swift source: Same Lx states(?), hard spectrum, little variation

3 Transitional X-ray Binaries / Radio Pulsars XMM J174457-2850.3

, Swift (XRT)
Accretion _ = XMM-Newton (EPIC)
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Science Highlight I:
Our supermassive black hole

Predictions evolution Sgr A*

Signs of a glorious past

Will it re-activate?
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