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A FEW WORDS ON REDSHIFT

o Einstein’s field equations of General Relativity :

o Friedmann-Lemaitre-Robertson-Walker solution for a
homogeneous and isotropic Universe :

o “Redshift” : analogous to Doppler shift in
wavelengths of emitted photons, equivalently <
defined with the scale factor

o Expansion rate ( “Hubble constant” H, for t = today) :

H(z)? = H (Qmo(1 +2)° + Qro(1 + 2)% + Qa + Qio(L + 2)?)
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Dark Energy (®]Acceleration of the expansion : probe contents at various redshifts
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Universe's unknowned parameters

are Imprin'te,d n l?gh‘t pt‘opaga‘tion
through loxge scale structures and their
growth (with time thus redshift)

Map Spec?al features
to unravel

universe's properties
ex :

- 3ravito\'tional lensMg Combined! O\HO‘IVS;S

to recover main
universe parameters

Rubin-LSST Pr‘obe_s
3alaxy structures
formation

over last 1.6 G;n/

All time snpashots are 3athered GR equations encapsulo\‘t}ng
n the single view of the sky:

- static structures

- transcient phenomena lke SN,AGWN,..

unknown parame‘ters

Brightness




A FEW WORDS ON REDSHIFT

Redshift : analogous to Doppler shift in wavelengths of emitted
photons.
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Usually computed via spectrometry.
Cosmological surveys (like LSST) : too many galaxies
» Spectroscopy excluded

» Redshift must be estimated from photometry, i.e. measuring
light through wide-band filters.

» Only 6 filters in visible range for LSST. Other surveys (e.g. Euclid)
use other passbands (infrared).
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Effect of redshift on photometry
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ESTIMATION FROM PHOTOMETRY :
HOW CAN WE DO?

* Historical method : template fitting Both techniques suffer

(BPZ : Benitez, 2000 ; LEPHARE : Arnouts et al., 1999 & llbert et al., 2006) .
= compare observations to theoretical photometry from a set of from representativeness

issues, i.e. the availability

well-known templates (SED)

* Pros: easy (in theory) ; representative of established
physics ; can include the effects of many physical Of template SEDs and

phenomena respectively

e Cons:
; degeneracies

» Trending : neural networks et al.

(FlexZBoost : Izbicki & Lee, 2017) Mv PhD h
= train the code on a dataset {photometry + redshift} then y somenow

estimate the redshift of observed {photometry}

* Pros: fast once trained ; very accurate ; suited to statistics
on large datasets (cosmological surveys)

Future surveys +
improved simulations

\ 4

* Cons: training sets not representative of all study cases
(too shallow, simulated, different photometry bands, etc.)



Effect of redshift on photometry
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TEMPLATE FITTING
HOW DOES IT WORK?

Spectral Energy Distribution (SED) of various galaxy
morphologies serve as templates :
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plzlmodel)

i. Recomputed for many redshift values
ii. Their photometry (fluxes in passbands) is computed

iii. Observations are compared to these referencesto p(z) = Z P(z N model)
build probability distributions of redshift values. models

iv.  The most likely redshift is selected :
the “photometric redshift”

2.15 2.20 2.25
Redshift z
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TEMPLATE FITTING :
Template spectrum shifted
W H AT TO | M P ROV E ? + its stellar content adjusted to the epoch of emission.

The key : representativeness.

The issue : well-calibrated templates are mostly local, — an oo
observations will be distant. SED, 2= 0.52

—— SED,z=1.02
— SED,z=1.53
1044 — SED, z=2.03

The fix : use Stellar Population Synthesis (SPS) and Star
Formation History (SFH) to improve SED templates.

The idea : compare the radiation emitted by “young”
galaxies to “younger” versions of the templates, as the
stellar content evolves with time.
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Spectral density of flux [Lo.Hz 1]
Filter transmission

Galaxies = StArS + dark matter + other (dust, gas...) ° 5000 7500 10000

Wavelength [A] cosmic time [Gyr]
Emit the light we Alter the signal
observe (~ black body)

SPS = fit models of Use the results as
galaxy contents to (or instead of)
observations SED templates
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HOTO-Z, DUST AND SPS

Dust extinction and SFR
determine UV radiation,
critical for photo-z
estimation at higher z
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FORS2+DSPS
FORS2+StarLight
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UV-light :

* Shifted into visible : key to high z
* Related to Star-formation

* Absorbed by dust

Good photo-z = Star-formation + dust

2024-05-16

Dust :
v’ necessary for good representativeness
x Yields degeneracies with photo-z

— Requires careful treatment

Color-color diagram for several sets of galaxies templates

1 m Mean spectra
FORS2-derived spectra
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PHOTO-Z, DUST AND SPS

Guideline :
UV in templates is key to good photo-z
Observations in UV can yield SFR and hints to dust,
Observations in infrared can constrain dust (via re-emission),
Spectroscopy (emission lines) can constrain SFR.

DSPS inputs (obs. frame)

Fors2 spectrum
SPEC36 z = 0.82

Observed spectra
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from FORS2 at VLT
(Giraud et al., 2011)

—
IN
I
o
-l —
= 1074
=
=9
-]

=
9
L

=
9
[




PHOTO-Z, DUST AND SPS

Guideline :
UV in templates is key to good photo-z
Observations in UV can yield SFR and hints to dust,
Observations in infrared can constrain dust (via re-emission),

Spectroscopy (emission lines) can constrain SFR.

DSPS inputs (obs. frame)

w P o © 2V H Fors2 spectrum

SPEC36z =0.82 |

: . Photometry for
®— SPEC36 2 = 0.82

2024-05-16

Transmission

Cross-matched with
photometry from UV
to IR
(Kuijken et al., 2019 ;
Morrissey et al., 2007)
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PHOTO-Z, DUST AND SPS -

Guideline :
UV in templates is key to good photo-z
Observations in UV can yield SFR and hints to dust,
Observations in infrared can constrain dust (via re-emission),
Spectroscopy (emission lines) can constrain SFR.
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Xmit. lines with GELATO — MopeL
/Idlng et al_' 2022) —— SSP-+LINE

~ DSPS output
with dust

DSPS output
without dust

Fors2 spectrum
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CONCLUSION AND TAKEAWAYS

* Aim : improve existing and/or generate new sets of
templates for photo-z

e Data : FORS2, COSM0S2020, LSST+Euclid? etc.

e Tools : LEPHARE++ or other photo-z, DSPS and CIGALE
for stellar population, GELATO for lines detections

* |deas and prospects :

* identify spectral / stellar properties of good templates
(emphasis on UV)

» explore hybrid methods (TF+ML) thanks to numerous
spectra + SPS

e improve model selection within photo-z codes

Thank you for your attention
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