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1. Introduction:
One of the most critical issues in the high-redshift galaxies is inferring robust stellar masses.
Varying the star formation history (SFH), or other assumptions such as the initial mass function 
(IMF), can have a significant impact in the inferred physical properties.

Spatially-resolved studies:
Sorba & Sawicki (2018): HST data (z < 2.5 sample), resolved stellar masses can be up to five times 
larger than unresolved estimates
JWST → Spatially-resolved studies to high redshifts (z > 2.5)
Spatially-resolved studies can solve the problem of outshining: young stellar populations 
dominate the integrated light, hiding underlying older stellar populations (≳ 100 Myr), thus 
leading to an underestimation of the total mass of the stellar population.

Also, the JWST IFU spectra can provide a crucial check on spatially-resolved characteristics 
derived from modelling the images alone.

2. Data (RXCJ0600-z6-3):
The NIRCam observation of a strongly-magnified galaxy at z = 6.072 (Fujimoto et al. 2021b; 
Laporte et al. 2021), observed also with NIRSpec IFU. This object behind the massive z = 0.43 
galaxy cluster RXCJ0600−2007 with a magnification: µ = 29 (−7+4).

GO-1567, PI: S. Fujimoto, in January 2023. The exposure time varies between bands, with 2491s 
for F356W and F444W, 1890s for F115W and F277W, and a deep integration of 4982s in F150W.
(λ_rest= 0.16, 0.21, 0.39, 0.50, and 0.63 µm,)
PSF Matching to F444W and pixel size of 0.04”/pixel  → 0.2 kpc/pixel at z = 6.072

RXCJ0600-z6-3 traces the entire galaxy. No lensing correction is applied on any images nor 
derived quantities, focusing mostly on the relative differences of the inferred properties when 
studying them in a resolved or an integrated approach.

3. Methodology
The SED modelling code Bagpipes (Carnall et al. 2018):
BC03 + Kroupa (2001) IMF + Calzetti+00 attenuation curve.
The metallicity centered at 0.1 𝑍⨀, with σ = 0.2 𝑍⨀ 
(based on IFU)
Ionization parameter vary between −3 < log U < −1, Cloudy
*** Different types of the star formation history (SFH)

Carnall+19 (right)
1. Exponetially 
Declining
2. Delay-tau
3. Log-normal
4. Double power 
law (DPL)

Segmentation and Pixel Selection: sklearn.cluster (exclude source), 
S/N threshold per pixel is 1.9, 2.2, 3.5, 7.6, and 3.0 for the F115W, F150W, F277W, F356W, and F444W
(Mean S/N for pixels with S/N > 1) → 625 pixels

4. Results and Discussion
4.1. Spatially Resolved Analysis:
Centrally located clumps of young stars, surrounded by an extended region of older stellar populations 
Larger (∼×3) than the size of the F444W PSF (FWHM∼0ʹʹ.16)
Two very blue clumps in the UV slope map. A varying dust reddening surrounds the blue central clump.

4.2. The Integrated Field Spectrum from NIRSpec:
Table 1: The NIRSpec IFU equivalent widths are quite large, of 
≳700 Å for [O III]+Hβ and Hα+[N II], typical at z ∼ 6.
With the CSFH, a consistent value for EW(Hα+[N II]), within the 
uncertainties; EW([O III]+Hβ) is larger than the IFU, although 
still in agreement within 2.5σ. Regarding the line fluxes, the 
photometric estimate is in good agreement.
Fig.3: The NIRCam maps consistently reproduce the spatial 
distribution of the IFU measured lines, as well as their strength
A spatially-resolved analysis with only broad-band photometry, 
has the potential to provide a more complete picture of the 
internal structure and properties of galaxies.

4.3. The Spatial Resolution Effect on the Stellar Mass:
If having spatially-resolved observations affects the inferred physical 
parameters of a particular galaxy, when compared to spatially-
integrated studies.
Resolved: the total stellar population is built up over extended timescales
Integrated (except DPL): Younger, short, recent burst of star formation 
that dominates the light, but that has a lower total mass-to-light ratio
Integrated (DPL): closest to the summed CSFH, with older stellar 
populations dominating the star formation activity over long timescales, 
and an inferred age of 130 Myr.
Table 2: The “mass offset”
The largest ∆Mr is given by 
SFH integrated runs (except 
DPL), with a significant offset 
of 0.5 dex, so that the 
resolved mass is more than 3 
times larger than the 
unresolved one (outshining)

4.4. The Ionizing Photon Production Efficiency (𝝃𝒊𝒐𝒏):
A representative galaxy (≃sub-L ⋆) within the population that is 
thought to be the dominant during cosmic reionization.

Resolved 𝜉$%&: 25.53 ±0.14; Integrated: 25.68 ±0.08

5. Conclusion
RXCJ0600-z6-3, one of the multiple images of a highly-lensed galaxy at z = 6.072
The galaxy displays centrally-located clumps of young stellar populations embedded within 
extended regions of older stars.
The line fluxes inferred from NIRCam photometry with a CSFH can reproduce the spatial 
distribution and strength of the NIRSpec IFU emission line maps.
Outshining, where young stars dominate the integrated light hiding underlying older stellar 
populations, affects the stellar mass values when comparing resolved and unresolved estimates.
Resolving the galaxy yields ∼0.15 dex lower 𝜉$%&, which could hint at spatially-integrated studies 
overestimating the contribution to reionization of targets similar to the one studied here.


