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Euclid Mission: Study of the nature of the Dark Energy and Dark Matter up to z = 2

» VIS =>» Weak Lensing* for 3D Dark Matter map (images with 0.1” spatial resolution)

Baffle
M2M M2

Cooocrrre00 P Qoo
I EFFEEEEEEY FYWEE R X R
'Y EEEEEEEERERE ¥ Y EEREX]
o000 VPP P0000099000
IR NN NN RN EEEEEE L LN
®000ccccssrtst oo
LA X E R R P rE N RN NN NN

Entrance pupil stop :::::EEEE:::::::E:

N T Fieldstop— EEEEEEEEEEEEEEE:::

Wt e coscoiiIiIiiiiizIs

M1 T highpass filter ::’,.:::,,,..:::::

highpass filter 000 0002202 0 oescaee

Weak lensing
dichroic plate = = = = =
w / Legacy Science: Morphological parameters, masses and SFRs for billions of galaxies
M3
telescope exit
m pupil
FGS .
= ovy » NISP =» Galaxy Clustering* for BAO & RSD study
-o—‘ 50 100 150
(‘Autotests ) i y FM3 I 0 R N NS O
— (readm\J/(I silsnltjer unit) lowpass filter 200 [P, ; i::::; i i:::")u_:
% - -
ultravioletti luce #iSibile é 100 [
L
- [ BOSS DR12 {
nanometri —»- g Ly 02 < z< 056 o]
b meompuint g pgrfacl e ¥ -100 5, L - =
50 100 150 200
s/(Mpe)
*Primary Euclid cosmological probes Legacy Science: Optical rest-frame spectra for 10s of millions of galaxies

Louis Gabarra PUMA Conference Sestri Levante, 27 of September 2022



- |

eoad
Euclid Mission: Study of the nature of the Dark Energy and Dark Matter up to z = 2

» NISP =» Galaxy Clustering* for BAO & RSD study
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The Near Infrared Spectrometer and Photometer (NISP)

Spectroscopic requirement for the Cosmological probe (#1/2): The spectral calibration

» NISP =» Galaxy Clustering* for BAO & RSD study
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The Near Infrared Spectrometer and Photometer (NISP)

Spectroscopic requirement for the Cosmological probe (#1/2): The spectral calibration

» NISP =>» Galaxy Clustering* for BAO & RSD study
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Legacy Science: Optical rest-frame spectra for 10s of millions of galaxies
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The Near Infrared Spectrometer and Photometer (NISP)
Spectroscopic requirement for the Cosmological probe (#2/2): The detector sensitivity

» NISP =» Galaxy Clustering* for BAO & RSD study
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Legacy Science: Optical rest-frame spectra for 10s of millions of galaxies

Galaxy number density required of 1700 deg
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The Near Infrared Spectrometer and Photometer (NISP)
Spectroscopic requirement for the Cosmological probe (#2/2): The detector sensitivity

» NISP =» Galaxy Clustering* for BAO & RSD study
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Legacy Science: Optical rest-frame spectra for 10s of millions of galaxies

Galaxy number density required of 1700 deg
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Why will Euclid spectroscopy provide unprecendeted data?

» Poorly sampled redshift range 1.5 <z < 2 due to:
— Optical strong emission lines are too blue to be observed with classical optical spectrographs
— Absorption and emission from atmosphere in the NIR
=» It includes the redshift desert - 1.4 <z < 1.8 - Soon to be a forest!
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Why will Euclid spectroscopy provide unprecendeted data?

» Poorly sampled redshift range 1.5 <z < 2 due to:
— Optical strong emission lines are too blue to be observed with classical optical spectrographs
— Absorption and emission from atmosphere in the NIR
=» It includes the redshift desert - 1.4 <z < 1.8 - Soon to be a forest!

» Euclid Wide Survey is 15, 0000 deg? <> about 100, 000 times bigger than the 3D-HST survey!

0

.| Euclid Survey: 15,000 deg?~ > =
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Why will Euclid spectroscopy provide unprecendeted data?

» Poorly sampled redshift range 1.5 <z < 2 due to:
— Optical strong emission lines are too blue to be observed with classical optical spectrographs
— Absorption and emission from atmosphere in the NIR
=» It includes the redshift desert - 1.4 <z < 1.8 - Soon to be a forest!

» Euclid Wide Survey is 15, 0000 deg? <> about 100, 000 times bigger than the 3D-HST survey!

» Slitless spectroscopy:
- PROS:
* Untargeted pointing
 Full FoV spectroscopy = Dispersed image

* Easy to build and operate

— CONS: - B
* Overlapping of spectra = 4 Grism orientations P oS .
* Spectral convolution with galaxy shape R
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Why will Euclid spectroscopy provide unprecendeted data?
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» Poorly sampled redshift range 1.5 <z < 2 due to:

— Optical strong emission lines are too blue to be observed with classical optical spectrographs

— Absorption and emission from atmosphere in the NIR
=» It includes the redshift desert - 1.4 <z < 1.8 - Soon to be a forest!

» Euclid Wide Survey is 15, 0000 deg? <> about 100, 000 times bigger than the 3D-HST survey!

» Slitless spectroscopy:

- PROS:
* Untargeted pointing
» Full FoV spectroscopy = Dispersed image
* Easy to build and operate
— CONS:
* Overlapping of spectra = 4 Grism orientations
I- Spectral convolution with galaxy shape I
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Objectives of the PILOT RUN
< Simulating thousands of Star Forming galaxies at 0.3 <z <2.5
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» To develop a solid methodology to build synthetic spectra including emission lines

> Simulating thousands of RGS spectra to assess: NN [ Wi‘igig;vey e urvey
1. The NISP simulator (SIM/TIPS) + spectral extraction (SIR) performance DAGING VVISISE-HE(AHB: )2 e HIAR) 265
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I For 0.25” radius source at SNR = 3.5
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Description of the simulation datasets (1/2):

Simulating the Euclid Wide and Deep surveys

» Starting from publicly released multiwavelength photometry catalogs: from UV to far-IR!

GOODS-North field COSMOS field
BARRO et al. (2019) Laigle et al. (2016)
= Deep Field simulations = Wide Field simulations

Euclid Wide Survey chronology (2.5Kdeg.?/yr)
[a—

Yearl Year2 Year3 Yeard Year5 Year6

Scaramella et al. (2022)
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GOODS-North field COSMOS field
BARRO et al. (2019) Laigle et al. (2016)
Deep Field simulations = Wide Field simulations

Spitzer

Wide Survey chronolog i
| 0
Year2 Year3 Yeard
g-amella et al.”
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Description of the simulation datasets (1/2):
Simulating the Euclid Wide and Deep surveys
» Starting from publicly released multiwavelength photometry catalogs: from UV to far-IR!
» SED fitting parameters available in the catalogs = Continuum (Bruzual & Charlot) + Emission line fluxes
» Sources from the COSMOS and GOODS-N fields that are part of the Euclid auxiliary fields*
GOODS-North field COSMOS field
BARRO et al. (2019) Laigle et al. (2016)
=> Deep Field simulations = Wide Field simulations
2 SR M4 AV (EDftting) |——— ¥
from SFR Kennicott+ 95, ~—__
Caleefti+00 dust e:gi: faw | ?;;iiife;uﬁij ?i'an .
/ Fquobs | 7__7&01&*@5\\5" [NIH/HbC F[O”]obs
Ba/meq"'a’ec*emi\ FINII],, doublet | —— —
~—_ T From MZR-awd [NITJ/[CIT]
. FH Bobs \“‘x\ ,JI =
e e BPTdan F[Sll],,,, doublet
E7”’\’“‘“‘" %?ﬁx From SFR->U, we, [SILI/(SILI]
‘ : F[OII], doublet T
Balmer, Paschen lines FISIII], doublet

RA. (2000)

Yearl Year2 Year3 Yeard Year5 Year6

and then ... Checking and Tuning the results on available spectroccopic

data

* Fields scheduled for deep observations for photometric redshift calibration and colour gradient calibration purposes
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Description of the simulation datasets (1/2):

Simulating the Euclid Wide and Deep surveys

» Starting from publicly released multiwavelength photometry catalogs: from UV to far-IR!

» SED fitting parameters available in the catalogs = Continuum (Bruzual & Charlot) + Emission line fluxes

» Sources from the COSMOS and GOODS-N fields that are part of the Euclid auxiliary fields*

GOODS-North field COSMOS field
BARRO et al. (2019)

Laigle et al. (2016)

= Deep Field simulations = Wide Field simulations

|
Median size
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. T e e e and then ... Checking and Tuning the results on available spectroscopic data
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* Fields scheduled for deep observations for photometric redshift calibration and colour gradient calibration purposes
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Probing the effect of the galaxy shape on the quality of the slitless spectra

Simulating thousands of times the same galaxy with varying Disk R50

» Simulating thousands of times the same galaxy, i.e. same incident spectra

» Galaxy located at z = 1.6 = Ha (6e-16 CGS) and [OIII]5008 (3e-16 CGS) fall in the RGS passband

» We change the morphological parameters ONE AT A TIME:

— 1) Changing the inclination, i.e. from edge-on to face-on (from 0° to 90°)

4 datasets | 2) Changing the position angle of the disk to the dispersion axis (from 0” to 90°)
of 1248 — 3) Changing the Bulge fraction (from 0 to 1)
sources | 14) Changing the disk size (from 0.01” to 2”) |

Broadband image

Slitless spectrum

y [px]

e .

y [px]

—50 0 50 100 150
x [px] x[pxl=A

PhD thesis, Outini (2019)
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Probing the effect of the galaxy shape on the quality of the slitless spectra

Simulating thousands of times the same galaxy with varying Disk R50

Noise & FWHM
at two different Disk R50
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Probing the effect of the galaxy shape on the quality of the slitless spectra
Simulating thousands of times the same galaxy with varying Disk R50

Noise & FWHM Spectral resolution
at two(éllsf,f,eregtlel,s,;( R50 Versus Disk R50
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Probing the effect of the galaxy shape on the quality of the slitless spectra

Simulating thousands of times the same galaxy with varying Disk R50

Noise & FWHM

diff Disk R50 Spectral resolution SNR emission lines & continuum
at tW(EO 15”91‘93'(1 51’8’) Versus Disk R50 Versus Disk R50
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Euclid Wide and Deep Field Surveys simulations:
True Versus Extracted fluxes

Continuum measurement Emission line measurement
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Euclid Wide and Deep Field Surveys simulations:
Deriving the RGS detection limit at SNR = 3.5
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Continuum detection limit
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Euclid Wide and Deep Field Surveys simulations:

Deriving the RGS detection limit at SNR = 3.5

Continuum detection limit Ha detection limit The size effect
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Conclusion and NEXT STEPS

..
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» Validation of the OU-SIM & OU-SIR pipeline

» Characterization of the degradation of the SNR as the Disk R50 increases
= SNR emission lines & continuum drops by approx. 20% as the disk R50 doubles

» Preliminary assessment of the NISP Red-Grism capabilities

Simulation Exposure Continuum Emission lines
tmtau time (s) | H band (mag) Ha (CGS)
EWS 2212 19.5+0.2 (2.5+0.6) x 1071°
EDS 22120 208+0.6 | (6.9+28)x 1077

Median disk radius of the sample = 0.4”

» NEXT STEPS:

— Coming simulations
« With a bigger sample of simulated spectra

» Testing spectral decontamination and optimal extraction

* Including the blue grism

Louis Gabarra

PUMA Conference

Sestri Levante, 27% of September 2022



