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Universe Evolution: Hubble Tension
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Active Galactic Nuclei as a Cosmological Tool

4+ Universal engine mechanism with phenomena that do not evolve with redshift:

Steffen+06
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UV to X-ray Relation in Quasars

Non-linear relation between the UV and X-ray: Sacchi+22

logFy = ylogFyy + 2 — 1)logD; + '

e suitable for cosmology (e.g., Lusso+20)

Distance Modulus

= Remaining dispersion

= Poorly understood physics
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Accretion Disk Winds from Active Galactic Nuclei

AGN-driven outflows - potential driver of the UV to X-ray relation dispersion

Existence of powerful outflows:
e theoretical models and numerical simulations (e.g., King+Pounds03; Takeuchi+13)
e blue-shifted broad absorption lines (BAL) in ~ 20% of QSOs (e.qg., Gibson+09)

e blue-shifted ultra-fast outflows (UFO) in ~ 30-40% of QSOs (e.qg., Gofford+13)

= Shielding of X-ray emission is required for effective launching of outflows

= General relations between UV, X-ray and strength of outflows remain unclear
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C IV Emission Line as a Tracer of Outflows
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Sample Selection: Targeted Observations
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Sample Selection: Targeted Observations
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Fitting Observed Chandra Spectra
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UV to X-ray Relation

Fraction of X-ray ‘weak’ QSOs:

e only 2 out of 10 / 3 out of 14

= In agreement with

expectations on average
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Connecting X-rays and Outflows: Summary

Sample of extremely luminous radio-quiet non-BAL QSOs with strong outflows:

= No significant evidence of correlation

between excessively low X-ray flux level and presence of strong winds

= ~ 206 confidence level hint for correlation with the presence of outflows > 3000 km/s

= Not yet applicable for selection of cosmological sample
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UV-to-Optical Rest-frame Variability in Quasars

Anti-correlation of variability parameters Variance vs bolometric luminosity
with fundamental quasar properties:
-3.0
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= Possibility to reduce dispersion 109 (9.26 Ls00) Arévalos2a
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Sample Selection: Light Curves

4+ ZTF Zubercal DR20 (Drake+25) light curves with at least 30 epochs in g, r, or i band

4+ Damped Harmonic Oscillator Light Curve Modelling with EzTaoX (Yu+25)
Identification of Bad Fits (following Yu+22):

e timescales longer than the span of the light curve
e timescales shorter than one-half the minimum separation between any two observations

e daily observing cadence with a stronger signal than intrinsic timescales

= Parent sample: 7679 -> 7145 -> 5855 quasars
= | 20 Cosmological sample (Lusso+20): 2148 -> 2044 -> 1701 quasars

= Core of New Cosmological sample: 2057 -> 1950 -> 1619 quasars
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Dimension Reduction with UMAP

Dimension reduction analysis parameters: Lyy, Ly, I', Mpy, Ag4a @ox> Adox> & @, Our Toerturt
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Dimension Reduction with UMAP
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Simultaneous X-ray and UV Variability in Quasars

Standard UV to X-ray relation offers only entangled view of AGN central engine:

Multiple spectroscopic observations of the same sources:
e Mgy remains constant
= Relation between Ly and JAg,, directly
= Insights about corona-disc interplay

= Possibility to reduce dispersion
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Sample Selection: Simultaneous Observations

4+ SDSS DR16Q (Wu+Shen22) + XMM-Newton 4XMM-DR14 (Webb+20)

Selection filters:

e dust extinction and host-galaxy contamination / gas absorption / bias towards high fluxes

4+ XMM-0OM Serendipitous UV Source Survey Catalogue: SUSS6.2 (Page+23)

Selection filters:

e simultaneous X-ray and UV observations

e OM filters above Lyman limit

e at least 3 epochs of simultaneous observations, with at least 1 having multiple OM filters

= Resulting sample: 7679 -> 2057 -> 869 -> 115 -> 21 quasars
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Estimating UV Flux for Individual Epochs
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Fitting UV to X-ray Relation for Individual Sources
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Variability in Quasars: Summary

Effects of UV-to-optical rest-frame variability on UV to X-ray relation:
= No strong variation in Ao,y as a function of DHO parameters

Effects of simultaneous X-ray and UV variability on UV to X-ray relation:

= Positive correlation between Ly and gy,
with < 1o confidence level hint for diverging from standard L, — Ly and linear relations

= [arger sample is required
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Cosmological Sample of "Normal” Quasars

L20 sample (Lusso+20): 2837
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Remaining Dispersion
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Poorly Understood Physics

Accretion disc

e flow structure and dynamics

X-ray corona

e geometry and location

Corona - disk interplay
e illumination and heating

e processing and reprocessing
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X-ray Weakness and Outflows in BAL QSOs

Intrinsic X-ray weakness (absorber) as a prerequisite for winds (e.g., Murray+95):

e shielding BAL outflow from over-ionisation

e enabling efficient line-driven radiative acceleration

X-ray SoUrce region of hitchhiking gas ’

-
-
—

_ , black hole
accretion disk _ ,
wind streamlines
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X-ray Weakness and Outflows in BAL QSOs
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X-ray Weakness and Outflows in non-BAL QSOs

Intrinsic X-ray weakness as a consequence of winds (Lusso+21, Trefoloni+23):

e depleted inner region of accretion disc

[Olll]
e starved and intrinsically weak corona e
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X-ray Weakness and Outflows in non-BAL QSOs
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Sample Selection: Light Curves
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