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(Lilly et al. 2013)

Metal content of galaxies

Interplay among:
- gas inflow
- gas outflow
- star formation efficiency
- IMF
- assembling/merger history
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STELLAR metal content of galaxies

Enrichment of the gas integrated over the star 
formation and assembly history 

Galaxy mass

Environment

Individual element abundances (eg. 
[𝛂/Fe]) provide valuable insights into the 
processes that shaped galaxy formation
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(Conroy et al. 2014)

Local Universe - SDSS
Colors refer to 
different galaxy 
velocity dispersions 
(i.e., total galaxy 
mass) from 
σ = 90 km s−1 
to 
σ = 300 km s−1  

Individual element abundances VS atomic number of the elements

WHAT WE KNOW
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Distant Universe – LEGA-C

(Beverage et al. 2023)
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(Beverage et al. 2023)

StePS-4MOST
0.3 < z < 0.7

(PI: Iovino)

Distant Universe – LEGA-C
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From local Universe (SDSS) and z~0.7 (LEGA-C):  massive galaxies are old (in terms of 
stellar pop ages), quite metallic and alpha enhanced

massive galaxies suffer violent and fast star formation events and 
keep the formed metals  

WHAT WE KNOW

BUT
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From local Universe (SDSS) and z~0.7 (LEGA-C):  massive galaxies are old (in terms of 
stellar pop ages), quite metallic and alpha enhanced

massive galaxies suffer violent and fast star formation events and 
keep the formed metals  

WHAT WE KNOW

BUT

(Beverage et al. 2023)

(models by Nomoto et al. 2013)
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From local Universe (SDSS) and z~0.7 (LEGA-C):  massive galaxies are old (in terms of 
stellar pop ages), quite metallic and alpha enhanced

massive galaxies suffer violent and fast star formation events and 
keep the formed metals  

WHAT WE KNOW

BUT

Higher redshift studies are need

At z = 2–3 (cosmic noon) closer to the initial main star forming events avoiding any diluting of the 
properties due to their evolution 
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WHAT WE NEED

- High Signal to Noise (> 20/res_element on the continuum) spectra

- Large spectral range (4000Å – 5800Å – restframe)
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WHAT WE NEED

(Schreiber et al. 2018)

At 2 < z < 3
- KAB < 24 (logM > 10.5)
- 1.2 – 2.3 𝝻m
- Re ~ 1 kpc = 0.1’’

- High Signal to Noise (> 20/res_element on the continuum) spectra

- Large spectral range (4000Å – 5800Å – restframe)
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WHAT WE NEED

(Ito et al. 2024)

At 2 < z < 3
- KAB < 24 (logM > 10.5)
- 1.2 – 2.3 𝝻m
- Re ~ 1 kpc = 0.1’’

- High Signal to Noise (> 20/res_element on the continuum) spectra

- Large spectral range (4000Å – 5800Å – restframe)
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1° REQUIREMENT

At 2 < z < 3
- KAB < 24 (logM > 10.5)
- 1.2 – 2.3 𝝻m
- Re ~ 1 kpc = 0.1’’

- High Signal to Noise (> 20/res_element on the continuum) spectra

- Large spectral range (4000Å – 5800Å – restframe)
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TARGET KAB=24 Redshift : 2.500

TEMPLATE : SSP_BC016_Chab_Zsun_4Gyr

EXTENDED SOURCE
Effective radius : 100 mas
Sersic index : 4.0

SHARP
EXPOSURE TIME CALCULATOR
(P. Franzetti)
Version 0.2

TARGET = galaxy  KAB=24  @z=2.5

TEMPLATE : SSP_BC016_Chab_Zsun_2Gyr

EXTENDED SOURCE
Effective radius : 100 mas
Sersic index : 4.0
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TARGET = galaxy  KAB=24  @z=2.5

TEMPLATE : SSP_BC016_Chab_Zsun_2Gyr

EXTENDED SOURCE
Effective radius : 100 mas
Sersic index : 4.0

SHARP
EXPOSURE TIME CALCULATOR
(P. Franzetti)
Version 0.2

GLAO

Slit = 200 mas
Integrated over 12 spatial pixels
(1 pixel > 1𝛔 sky noise)

S/N ~ 12-13 / resolution element

30 hours (3600 x 30s)
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TARGET = galaxy  KAB=24  @z=2.5

TEMPLATE : SSP_BC016_Chab_Zsun_2Gyr

EXTENDED SOURCE
Effective radius : 100 mas
Sersic index : 4.0

MCAO

Slit = 200 mas
Integrated over 6 spatial pixels
(3 pixels > 1𝛔 sky noise)

S/N ~ 20-25 / resolution element

30 hours (3600 x 30s)
SHARP
EXPOSURE TIME CALCULATOR
(P. Franzetti)
Version 0.2
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1° REQUIREMENT

At 2 < z < 3
- KAB < 24 (logM > 10.5)
- 1.2 – 2.3 𝝻m
- Re ~ 1 kpc = 0.1’’

- High Signal to Noise (> 20/res_element on the continuum) spectra

- Large spectral range (4000Å – 5800Å – restframe)

Need of MORFEO MCAO on ELT
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2° REQUIREMENT

COMBINED WITH MCAO

At 2 < z < 3
- KAB < 24 (logM > 10.5)
- 1.2 – 2.3 𝝻m
- Re ~ 1 kpc = 0.1’’

- High Signal to Noise (> 20/res_element on the continuum) spectra

- Large spectral range (4000Å – 5800Å – restframe)
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MOSAIC - GLAO
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30 hours

R=1000
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SHARP – MCAO!

NEXUS
- Slitlet MOS 
- Multiplexing 30
- Resolution R ~ 6000, ~ 2000 and ~ 300

The 0.95-2.45 μm wavelength range will be simultaneously 
obtained in one shot
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SHARP – MCAO!

NEXUS
- Slitlet MOS 
- Multiplexing 30
- Resolution R ~ 6000, ~ 2000 and ~ 300

The 0.95-2.45 μm wavelength range will be simultaneously 
obtained in one shot



M. Longhetti - 30 Sep – 2 Oct 2024 – Milano -Unveiling the Universe with SHARP  

JKCS 041 
z=1.8
WFC3@HST - G141 grism
 - 11 quiescent members (+ 3 quiescent galaxies at z > 2) in the fov of SHARP-NEXUS 
(Newman et al. 2014 – Andreon et al. 2014)
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CL1 in the XMM-LSS field (Hyper Suprime-Cam photometry)
z=2.09
10 quiescent galaxies in the fov of SHARP-NEXUS
(Kyiota et al. 2024 )
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XLSSC122(F105, F140+G141 WFC3@HST)
z=1.98
~ 15 red sequence galaxies in the fov of SHARP-NEXUS
(Willis et al. 2020 )



M. Longhetti - 30 Sep – 2 Oct 2024 – Milano -Unveiling the Universe with SHARP  



M. Longhetti - 30 Sep – 2 Oct 2024 – Milano -Unveiling the Universe with SHARP  

SUMMARY

- Individual element abundances (eg. [𝛂/Fe]) give insights into the mechanisms that shaped the 
formation and evolution of galaxies (e.g., quenching mechanisms)

- High redshift studies are necessary to constrain the initial formation mechanisms avoiding a diluting 
of the properties due to their evolution (e..g, merging)

- Need of high SNR (> 20/res_element) + wide wavelength range spectra (4000Å – 5800Å – restframe)

- MCAO allows to limit the required exposure time
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Thank you!



M. Longhetti - 30 Sep – 2 Oct 2024 – Milano -Unveiling the Universe with SHARP  



M. Longhetti - 30 Sep – 2 Oct 2024 – Milano -Unveiling the Universe with SHARP  

30 hours (3600 x 30s)
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ANDES – seeing limited


