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Why study host galaxies also of type 1T AGN
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Outflows scale with gravitational potential (M¥)

Observations: Fluetsch+20
see also Harrison & Ramos Almeida (2024)

* type-1/2 dichotomy:
orientation or evolution? o
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The eROSITA challenge: 1T million AGN

The eROSITA X-ray all-sky survey:

SRG/eROSITA

0.3-2.3 keV - RGB

Galaxy: UV to MIR
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Output stellar mass

Problem: Host estimation is biased
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What causes the bias?
How can we fix it?

What about SFR?

How do you know this?

arxiv:2405.19297


https://arxiv.org/abs/2405.19297
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Failure mode: p. 240990, z = 0.2056, x2., = 1.2, Q¢
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Different model — very different answers
with small statistical error bars!

— cannot be discovered from fit quality
— cannot be addressed with simulations
with the fitted model

N Galaxy template

— systematic up-bias in M* & SFR

Can induce SFR — L(AGN) correlation

Can induce M* — L(AGN) correlation .



The Chimeras benchmark

Pure galaxy sample Pure QSO S3 mple
-  COSMOS, isolated, clean I

photometry 9T - SDSS (logL>45)

en+11

Remove X/IR/BL .
AGN — Spec analysis

spec-z (M*, SFR — Lbol, mass

estimated
sum fluxes

hybrid object

QSO weight:
0.001% (logL~42) to 100%

Validate SED fitting codes

Truth known:

M., SFR, L.
Hattie Starck
Data available: arxiv:2405.19297

Model-freel! ;


https://arxiv.org/abs/2405.19297

An all-encompassing benchmar
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Results: M™ bias & scatter

bias to AGN light contamination

AGN luminosity —
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Model details:
- Delayed exponential - star formation episode BC0O3 SPS

- attenuation & energy-conserving re-emission in IR

- AGN: Dale+14, single parameter for AGN fraction
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logM= offset logM= offset

logM= offset

Buchner, Starck et al. (accepted)
arxiv:2405.19297

Current popular tool: CIGALE

3 different model setups
L<d2 42<L<43 3<L<44 44<L<45

-0 1 +0 2 [0. 8%]

2!-

Dale A

Ciesla A

Yang A

-2

8 9 10 11 8 9 10 11 8 9 10 11 8 9 10 1
True Stellar Mass True Stellar Mass True Stellar Mass True Stellar Mass

12


https://arxiv.org/abs/2405.19297

SFR offset SFR offset

SFR offset

Dale A

Ciesla A

Yang A
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Buchner, Starck et al. (accepted)
arxiv:2405.19297

up-bias & large scatter also for SFR
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https://arxiv.org/abs/2405.19297

logM= offset

Buchner, Starck et al. (accepted)
arxiv:2405.19297

Our new tool: GRAHSP

GRAHSP A
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Unbiased retrieval: AGN does not cause a systematic over-estimation

of stellar mass, SFR & AGN luminosity

Realistic error bars - no longer dominated by systematics

Full details: arxiv:2405.19297
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https://arxiv.org/abs/2405.19297
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The road to “unbiased” host esti

GRAHSP approach:

Flexible, high-precision AGN model
- maﬂy parameters 3min/source/CPU
— advanced fitting engine UltraNest

Does it work? Reproduces:
1) Nearby AGN broad-band spectra/

Brown et al AGN ATLAS
2) stacked optical quasar spectra

3) polarized-spectroscopy of the disk

4) emission lines

5) Color distributions vs z

and unbiased retrieval of SFR, M«
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What halts the growth of galaxies?
Johannes Buchner arxiv:i2407.11127

Consequences

M™*-Lagn relation (slope specific accretion rate)

Before . in massive galaxies Now: no extremely massive galaxies
eFEDS : ' —
12.0 + —— Gaussian model i
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9.5 001 + + + + + t +
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Stellar Mass logM .
Future work
type 1/2 triggering differences — Laenv/M* “Eddington ratio” change
M+«-Mgy relation of AGN — changes impact of outflows

The gas reservoir of galaxies can be altered by outflows driven by
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Buchner, Starck et al. (accepted)
arxiv:2405.19297

Evolution of galaxies and black holes

taking a data-science approach with mega-surveys

* New “unbiased” tool for quantifying AGN hosts

GRAHSP

¢ Sca|eS to |arge Sy rveyS bright future: eROSITA, Euclid, VRO, ... Athena

— see poster by Nikolas Vasilas

* Sample entire life cycle of AGN phase

trace the processes building stars and black holes

address flickering with large sample: |§#



https://arxiv.org/abs/2405.19297

How?
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GRAHSP AGN model components

- flexible, empirical AGN model + model uncertainty
- state-of-the-art Bayesian inference engine UltraNest,

scales to large samples and many parameters
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AF;

Test #1. quasar spectra
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Test #2: colors

Average colors of quasars?

W1 — w2

L5

Temple, Hewett & Baneriji 2023
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Test #3: Brown AGN SED Atlas

* Compilation
of spectra
and
photometry

* Extinction-
corrected,
aperture-
corrected
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