Wind of change

Extreme accretion and feedback in ultraluminous X-ray sources
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Ultra-Luminous X-ray source (ULX)

Brighter than a 10 M black hole accreting @
Eddington limit ( 1039-42 erg/s ) & off-nuclear

NS (Z=2,,) ~ 10-50x BH
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Mineo, Gilfanov & Sunyaev (2012) Cartwheel galaxy (X-ray: NASA/CXC; Optical: NASA/STScl)




The Holy Grail?

* IMBH~102->Mg ... maybe in some ULXs
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Flux ( EF; - arbitrary units )
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ULX spectral components

1. Cool (0.1-0.5 keV) blackbody Luminosity — Temperature deviates from

2. Hot (1-5 keV) disc (varlable? Shakura — Sunyaev thindisc: L # T 4
3. Hard (> 7 keV) powerlaw tail "
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Spectral transitions, dips & flares

XMM-Newton campaign on NGC 247 X-1

HUL < SUL « SSUL 2019-12-03'_ 2019-12-0'94 2019-12-31 .2020_0'1-02 .2020_'01-04 .202(3-01-06 .2050-01-08 . 9020-01-12

More variable when brighter CP+2021

Soft Dips of 6t ~ 0.1 — 15 ks
Bonus slides:

Quasi-period modulations (~ 1 ks)
Associated with dips (Alston, CP+21)

— HUL flaring see talk by F. Pintore!
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2 branches in the hardness-intensity diagram

Soft «» Supersoft transitions

1) Main branch shows R o T-2 1.0
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A few highlights on tlmlng

Rodrlguez Cast|IIo+2020
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- (Transient) pulsations in 20-25% of high quality data

200

- Magnetic fields — 1019-14 G, depending on approach i

- Quasi-periodic oscillations, difficult to interpret 5.
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Cyclotron Resonance Scattering Features

Strong magnetic field

Column

NGC 300 pULX-1
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What’s the companion star? The accretion rate?

N . . . . .
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Optical counterparts: RSG / BSG
Wiktorowicz+2017, Mondal+2020 Heida+2015.., Lopez+2017.. (&Jonker)



Super-Eddington accretion disc & winds

The radiation pressure inflates the disgiand launches a wind : funnel geometry

5.000e-07
Max: 0.02081
Min: 1.000e-10

Kobayashi+18
(K. Ohsuga)




Atomic lines identify mildly-relativistic winds

- Emission lines close to laboratory wavelengths

- Absorption lines blueshifted by ~ 0.2c
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A census of identified spectral lines in ULX
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Multi-dimensional scan K

Grid examples / multi-dimension scan
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Wind vs. Continuum: absorption lines
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Wind vs. Continuum: emission lines
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Wind properties to probe inclination & M

- Harder spectra exhibit faster and hotter outflows

- Different launching radii?

Mirror it!
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Can the winds power ULX bubbles?

Holmberg IX X-1
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Take away message

ULXs are ideal probes of extreme accretion rates and (stellar) feedback

Past & present facilities (especially XMM) unveiled ULX spectacular phenomenology

... and the future ...




Current limitations & Future advances

On what timescales and how do the properties
of disc, wind & pulsations (inter-)change?

- Cyclotron RSFs only a few ULXs

- Time lags only a few ULXs

- What about non-pulsating / CRSFs?
- L-T e trends differ — ULXG,, # ULX ¢

- Spectral transitions > M., M_. . ori?

in’ wind

- Winds are transients — Min or 1?

- How much IS|\/| —>M =7?

wind ~




Current & Future X-ray missions

High-res spectroscopy

Broad-band spectroscopy
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Photons m-2 s~ keV-
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Resolving the wind at smaller time scales
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XMM / RGS (450ks)
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Photons m™2 s~ &~

Enhanced X-ray Timing & Polarimetry Mission
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Thanks!

You can find many of my codes here:

https://github.com/ciropinto1982

Popular repositories

Spectral-fitting-with-SPEX Public

This folder contains my codes to perform spectral fitting
of X-ray spectra of astronomical objects.

@sShell Y1
Python-for-data-analysis Public
@ Python
Ciro Pinto
ciropinto1982
163 contributions in the last year
Follow

pr May Jun Jul Aug Sep

You can email me here:

ciro . pinto [at] inaf . it

XMM-Newton-Data-Reduction Public

Basic codes to run data reduction of the XMM-Newton
satellite

@ shell

Oct Nov Dec NEL Feb


https://github.com/ciropinto1982

