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Where do we stand ahead of the ELT era?

Morphology studies across cosmic time

- - —— = —_— . — —_—

» Star-forming galaxies at z ~ 1 - 3 commonly (~70%) show disk/bulge structures despite being more
clumpy, gas-rich, and turbulent than their local counterparts
[e.g. Forster Schreiber & Wuyts 2020, Tacconi+2020]

» Galaxy build-up may be driven by multiple mechanisms: e.g., clump migration, gravitational
instabilities, gas inflows, compaction events, and angular momentum transport
[e.g. Genzel+2011, Dekel & Burkert 2014, Krumholz+2018, Guo+2018]
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» JWST is facilitating clump studies over larger unlensed (down to ~100-500pc scales) and lensed
(down to ~1-10pc scales) galaxy samples across wide redshift ranges; however, the exact nature,
survival, and role of clumps in galaxy assembly remain unclear

[e.g. Claeyssens+2023,2025, Vanzella+2023, Kalita+2024,2025, Mercier+2026]
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» Star-forming galaxies at z ~ 1 - 3 commonly (~70%) show disk/bulge structures despite being more
clumpy, gas-rich, and turbulent than their local counterparts
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» Star-forming galaxies at z ~ 1 - 3 commonly (~70%) show disk/bulge structures despite being more
clumpy, gas-rich, and turbulent than their local counterparts

» Galaxy build-up may be driven by multiple mechanisms: e.g., clump migration, gravitational
instabilities, gas inflows, compaction events, and angular momentum transport

- Observational challenges: surface 0.6 Q i vtk NNe) AN R £
. . . . (O~ Kuhn et al. (2024 eConte
b”ghtness dlmmlng, reSO|Ut|On 0.57 —&— Kuhn et al E2024§ rrrrrr ted 0.3+ A 2 iegonteizj (strongly barred)
. . . ' o A iang et al.
limitations, and the expected _04] A e
. . £ = R A—A— ) ForTW
evolution of galaxy and bar sizes Fos1 S 02
0.2t © =3 A F356W

0.1 @)

A A —AT4H4W
©)

- MICADO & MORFEO at the ELT: 0.17
improved spatial resolution in the NIR 00 = I ——" T

Meeting della strumentazione ELT a guida italiana, Napoli Letizia Scaloni - letizia.scaloni@inaf.it


mailto:letizia.scaloni@inaf.it

What’s next? MICADO & MORFEO at the ELT

Spatial resolution

» MICADO & MORFEO at the ELT will resolve galaxies on < 100pc scales everywhere in the Universe
—— transform studies of morphologies and physics of galaxies across cosmic time
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Setting up the stage...

Project goal and outline

e = — : — — —_—— . — -

Determine the detectability of morphological sub-structures, like bars, spiral arms
or clumps, as a function of target properties (e.g. galaxy size, luminosity, redshift)

- Define a |local reference sample of galaxies

- Generate a mock population of galaxies in different redshift bins, up to the cosmic noon,
redshifting the properties of the local reference sample

- Generate PSFs for realistic NGS asterisms (TIPTOP algorithm)

- Run the ScopeSim code to simulate observations with MICADO & MORFEO

- Perform a post-processing analysis of the simulated MICADO & MORFEO images to quantitatively
assess the expected performance
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Reference sample

e Selection criteria:
— stellar mass 9.5 Mg < log(M+) <11.5 Mg

— 7z<0.05 > 545 |ocal galaxies
— reliable Reff and SED fitting

GAMA
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Redshifting properties

From the local Universe to intermediate redshifts

= m— = —_— _ —_—

- 4 redshift bins: [0.5, 1] - [1, 1.5] - [1.5, 2] - [2, 2.5] — midpoints: z = 0.75, 1.25, 1.75, 2.25
- Main properties to be redshifted: fluxes and effective radii

—— Available bands from GAMA: FUV, NUV (GALEX), u, g, r, i (KiDS),
Z,Y J, H K(VIKING) and W1, W2 (WISE)

- MICADO wide bands: 1 (8500 A), J (12500 A), H (16350 A), Ks (22000 A)

Retrieve galaxy properties at the corresponding rest-frame
wavelengths for each redshift bin
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Redshifting properties

Fluxes and efftective radii

Fluxes:
- Spectra: SWIRE templates library [Polletta+07] m
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Fluxes:
- Spectra: SWIRE templates library [Polletta+07]

- Assign the best template according to the
minimum)(2

- Normalize the template to the observed fluxes
(r-band)

- Apply the cosmological dimming effect

- Apply the evolution of the intrinsic luminosity to
get the final observed fluxes in 1, J, H, Ks bands
[Yu+23]

Redshifting properties

Fluxes and efftective radii
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Fluxes:

Spectra: SWIRE templates library [Polletta+07]
Assign the best template according to the
minimum)(2

Normalize the template to the observed fluxes
(r-band)

Apply the cosmological dimming effect

Apply the evolution of the intrinsic luminosity to
get the final observed fluxes in 1, J, H, Ks bands
[Yu+23]

Effective Radii:

- Apply the intrinsic size evolution [van der Wel et al. 2014, and compute angular sizes as a function of z

Redshifting properties

Fluxes and efftective radii
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Parametric galaxy models with GALFIT

Morphological components |

» A suite of galaxy models with different morphologies is generated for each pair of total flux and
effective radius associated with a galaxy in the reference sample (as derived from the redshifting
procedure for each z-bin and MICADO band)
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Parametric galaxy models with GALFIT

Morphological components

» A suite of galaxy models with different morphologies is generated for each pair of total flux and
effective radius associated with a galaxy in the reference sample (as derived from the redshifting

procedure for each z-bin and MICADO band)

Bulge and disk

B: Sérsic component, n=4, g=0.8
D: Sérsic component, n=1, g=0.9

B/T=0.3 + D/T=0.7
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Parametric galaxy models with GALFIT

Morphological components

» A suite of galaxy models with different morphologies is generated for each pair of total flux and
effective radius associated with a galaxy in the reference sample (as derived from the redshifting

procedure for each z-bin and MICADO band)

Bulge, disk and spiral arms

B: Sérsic component, n=4, g=0.8
D: Sérsic component, n=1, g=0.9

spirals arms: distorted Sersic component (r > rout: 6(r) « re), n=1, g=0.4

B/T=0.3 + D/T= 0.2 + spirals/T=0.5
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Parametric galaxy models with GALFIT

Morphological components

» A suite of galaxy models with different morphologies is generated for each pair of total flux and
effective radius associated with a galaxy in the reference sample (as derived from the redshifting
procedure for each z-bin and MICADO band)

Bulge, disk, spiral arms and bar

B: Sérsic component, n=4, g=0.8
D: Sérsic component, n=1, g=0.9

spirals arms: distorted Sersic component (r > rout: 6(r) « ra), n=1, g=0.4

bar: modified Ferrer profile, a=2.5, 3=1.0, g=0.4
B/T=0.3 + D/T= 0.15 + spirals/T=0.4 + bar/T=0.15
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Parametric galaxy models with GALFIT

Morphological components

» A suite of galaxy models with different morphologies is generated for each pair of total flux and
effective radius associated with a galaxy in the reference sample (as derived from the redshifting
procedure for each z-bin and MICADO band)

Bulge, disk, spiral arms, bar and

B: Sérsic component, n=4, g=0.8
D: Sérsic component, n=1, g=0.9

spirals arms: distorted Sersic component (r > rout: 6(r) « ra), n=1, g=0.4

bar: modified Ferrer profile, a=2.5, 3=1.0, g=0.4

B/T=0.3 + D/T= 0.15 + spirals/T=0.4 + bar/T=0.15 — \

rescaled fractions in order to put ~ 10% of light in clusters: 2D gaussians
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Parametric galaxy models with GALFIT

Morphological components

» A suite of galaxy models with different morphologies is generated for each pair of total flux and
effective radius associated with a galaxy in the reference sample (as derived from the redshifting
procedure for each z-bin and MICADO band)

Bulge, disk, spiral arms, bar and
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Parametric galaxy models with GALFIT

Morphological components

» A suite of galaxy models with different morphologies is generated for each pair of total flux and
effective radius associated with a galaxy in the reference sample (as derived from the redshifting
procedure for each z-bin and MICADO band)

Bulge, disk, spiral arms, bar and

B: Sérsic component, n=4, g=0.8
D: Sérsic component, n=1, g=0.9

spirals arms: distorted Sersic component (r > rout: 6(r) « ra), n=1, g=0.4

bar: modified Ferrer profile, a=2.5, 3=1.0, g=0.4

B/T=0.3 + D/T= 0.15 + spirals/T=0.4 + bar/T=0.15 — \

rescaled fractions in order to put ~ 10% of light in clusters: 2D gaussians
- luminosities: N o |2

- stellar masses: 105 — 108 Mg » sizes: ~5 - 100 pc [Claeyssens+23]
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Parametric galaxy models with GALFIT

Overview
B+D B+D+spirals B+D+spirals+bar B+D+spirals+bar
+clusters +clusters +clusters

- Redistribute redshifted magnitudes and effective radii among the various components of each model
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B+D+spirals+bar
+clusters

Consider the redshifted properties at z=2.25 in the K-band for 3 test cases
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Selection of 3 test cases

K-band at z=2.25
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TIPTOP

PSF simulation in the K band

- Compute the PSF in the K band, for a configuration of bright NGS stars

%Z

PSF profile
107
107*
=
80_‘ 107 180 0
107
10”7 *  sources science
L —— — *  sources HO
10 10' 102 10° *  sources LO

off-axis distance [mas]|

Astro-
TipTop

AO PSF PREDICTION

SR: 0.52
FWHM: 12.31 mas
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ScopeSim simulations

clumps
Mass Distribution
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ScopeSim simulations

clumps
Mass Distribution
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5hr integration
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Surface Density Distribution
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T

output

K-band (2.2um)
Amas/pix mode

See also the talks by
Benedetta Vulcani (Simioni+, to be subm.)
and Anita Zanella
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ScopeSim simulations

Faint case

model

5hr integration

(N}

7=2.25
25.7 ABmag
Reff = 0.7 kpC
clumps
Mass Distribution Magnitude Distribution Surface Density Distribution
N - N K-band (2.2um)
N N Amas/pix mode
P 4 - e 9 -
2 1 See also the talks by
Benedetta Vulcani (Simioni+, to be subm.)
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Quantitative recovery

Post-processing of ScopeSim simulations

1. GALFIT fit: 1 or 2 Sérsic components

Data GALFIT model Residuals

1200 1200 1200

1082 1082 1082

965 965 965

848 848 848 S

848 965 1082 1200 848 965 1082 1200 848 965 1082 1200

Disk and bulge components are detected in ~ 90% of the cases
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Quantitative recovery

Post-processing of ScopeSim simulations

1. GALFIT fit: 1 or 2 Sérsic components

2. Ellipse fitting & Fourier analysis: bar component and spiral arms detection

Isophote fit: z2p25_Ks BDSBC_054 Ellipticity Profile Position Angle Profile Fourier m = 2 amplitude Fourier m=2 phase
1 I | 1 | | 1 175 | ] ] | | 1 1] I 1 | 1 | ] 1 | 1
! BAR DETECTED ! 0.30 L A, : 2 /2
| a = 0.606 kpc i 150+ | 1o 50 | 1o
i —-—=- b = 0.347 kpc | 0.25F - :
| PA = 112.2 deg 125F ! ol I e Az thresh = 0.08 | Ay > 0.08
| e = 0.428 . . or 1 SPIRAL ARMS
| 2100t | 1 0-201 ~ . DETECTED
| = | 3 S 5l
| S
i = 7 i 0.15 i
i 20 i / ] 0.10F . 100k i
I 25 | e [ VA A\ V N |
| | 0.05}- - |
OF | : O, | : L
900 1000 1100 0 2 4 6 3 10 0 2 4 6 g 10 0 2 4 6 0 2 4 6
Pixel X semi-major axis [kpc semi-major axis [kpc| r [kpc] r [kpc]

Non-axisymmetric features are identified in > 40-50% of galaxies down to miot ~ 23-24
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Quantitative recovery

Post-processing of ScopeSim simulations

1. GALFIT fit: 1 or 2 Sérsic components
2. Ellipse fitting & Fourier analysis: bar component and spiral arms detection

3. Clumps identification: PyCupid module

Clump Detection Overlay

400 . : : :
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Quantitative recovery

Post-processing of ScopeSim simulations

1. GALFIT fit: 1 or 2 Sérsic components
2. Ellipse fitting & Fourier analysis: bar component and spiral arms detection

3. Clumps identification: PyCupid module

Clump Detection Overlay
400 vz

N
&)

3501

20T
z=0.75 8 We detect clusters/clumps with 50% completeness of mas ~ 29-30
273 : - :
21.6 ABmag E in the most sensitive J, H, Ks bands, and resolve them on physical
Reff = 1.8 kpc -285 scales of ~15-30 pc across the explored redshift range
1001
501 29
0 See also Benedetta Vulcani’s talk
0 100 200 300 400 — Simioni et al., to be submitted
X pixel
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Comparison M&M vs JWST/NIRCam

- MICADO & MORFEO will allow a more effective deblending of closely spaced substructures
compared to JWST

21.6 ABmag
7=2.25

Refr= 1.8 kpc

B
GALFIT model ScopeSim output Egﬁ‘émﬁ'? 3‘3,35 gX!pSJHiz_(gg ,XX
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