Modelling type | quasar SEDs

at UV/optical/NIR wavelengths

Templates are important for QSO identification, redshift
determination, mock catalog simulations, investigation of
physical properties

Phenomenological approach, based on SDSS DR16Q:

catalog of spectroscopically confirmed QSOs plus NIR
photometry (UKIDSS & WISE)

Simple physical modelling of QSO SEDs that could account
for observed variety of QSOs
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Introduction: QSO central engine
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Introduction: QSO SED components

o UV-optical Continuum (900A-1um): single/multiple power laws

 Emission Lines (both broad and narrow)

e Hot Dust (1<A<3um): thermal emission with T~1000-1700K
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QSO SED templates

Different approaches:

 Empirical templates based on observations (e.g.,
composite spectra, library of individual AGN)

* Theoretical templates based on physical models



Templates: Composite Spectra

Combine spectroscopy and/or photometry of many objects,
covering large range of redshifts

Brown+19
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Templates: Composite Spectra

Vanden Berk+01: v
2200 high S/N spectra from SDSS, o
rest-wavelength range = 800-8555A '
(most at 1500-3500A)

Polletta+07:

extend SDSS composite spectra to IR,

using 35 SWIRE-SDSS quasars
(Hatziminaoglou+05)
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Templates: Composite Spectra

Vanden Berk+01: _
2200 high S/N spectra from SDSS, T
rest-wavelength range = 800-8555A ‘
(most at 1500-3500A)

Polletta+07:

extend SDSS composite spectra to IR, os |
using 35 SWIRE-SDSS quasars R

(Hatziminaoglou+05)
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Templates: Physical Models

SED-fitting approach, modelling the different AGN emissions.
Several codes available in literature, e.g., AGNFITTER (Calistro Rivera+16),
QSOFit (calderone+17), CIGALE (Boquien+19)

Pros:

- good description
of individual SEDs
- studying physical
properties of QSOs

Cons:

- large number of free
parameters

- difficult to constrain
using photometry alone
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Templates: Temple+21

Empirical QSO SEDs obtained by: Tl W
- modelling AGN emission with a small :Igfgj WM
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Templates: Temple+21
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New Model: Objectives

Simple model able to reproduce observed SEDs of type | quasars,
using a mixed approach of previous methods

- Composite spectra but only for objects with similar colours (in
same redshift bin) —> high S/N, keeping the SED diversity

* Modelling composite SEDs with a small number of physical
parameters (2-4):

+ UV/optical: reference Template (TQSO1) + intrinsic extinction
+ host galaxy emission

+ NIR: power law + hot dust emission



Data: SDSS DR16Q

SDSS DR16Q: catalog of ~750K spectroscopically confirmed
quasars (Lyke+20)

—> optical spectra between 3800—9100A

* Match objects with UKIDSS (Y,J,H,K) & WISE (W1, W2) surveys
» Select objects with ias SNR > 20, z<2.5: ~80K QSOs
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Composite SEDs vs Colours and Redshift

* Divide QSOs in redshift bins (Az=0.1, 0.1<z<2.5)

* Compute colours in UV-optical (u,g,ri,z) bands and cluster
objects based on colours using a k-means method (k=10-25)

* Combine (geometrical mean) spectra belonging to the same

cluster (normalised & at rest frame)
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Modelling Composite SEDs

TQSO1 template (Polletta+07, Vanden Berk+01) is a good
description of the average SED for SDSS QSOs

= Fit composite spectra (focused on continuum) by:

> Adding host galaxy contribution (only for z<1.3)

> Applying reddening

 E(B-V): [-0.4, 0.7]
* Host galaxy fraction: [-0.4, 1]

e Reddening curve: SMC

e Host galaxy spectrum: EII2
(also SO, 122419, EII5)
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Results: fit for z=[0.3,0.4)
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Results: fit for z=[0.7,0.8)
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Results: Reddening E(B-V)
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Host Galaxy Fraction
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Mean Template at UV/optical
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Mean Template at UV/optical
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QSO SED at near-infrared wavelengths

e Based on UKIDSS (YJHK) and WISE (W1W2) photometry
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QSO SED at near-infrared wavelengths

Constrain the NIR QSO SED using the mean photometry in

redshift bins (after correction for reddening)
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QSO SED at near-infrared wavelengths

Constrain the NIR QSO SED using the mean photometry in
redshift bins (after extinction correction)
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QSO SED at near-infrared wavelengths

Constrain the NIR QSO SED using the mean photometry in
redshift bins (after extinction correction)

z-bins
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Template of intrinsic QSO SED (iQS0O1)

Intrinsic SED: TQSO1-like but corrected for

- residual extinction (Eg-v = 0.03)
 host galaxy contamination (20%)
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Modelled vs Observed Colours
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Conclusions

* Most of SDSS QSO spectra can be well described by a
single template (TQSO1-like), taking into account extinction
and host galaxy contribution

* We produce an intrinsic SED template by de-reddening the
TQSO1 template and by subtracting residual galaxy emission

 Galaxy contamination become small at z>1 (typically <20%)

* At NIR, a hot dust (T~1300K) component is needed to fit
observed photometry (relevant for Euclid only at z<1)

e (Good match in colours between model and data






