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ABSTRACT

Despite the ubiquity of clumpy star-forming galaxies at high-redshift, the origin of clumps are still
largely unconstrained due to the limited observations that can validate the mechanisms for clump
formation. We postulate that if clumps form due to the accretion of metal-poor gas that leads to
violent disk instability, clumpy galaxies should have lower gas-phase metallicities compared to non-
clumpy galaxies. In this work, we obtain the near-infrared spectrum for 42 clumpy and non-clumpy
star-forming galaxies of similar masses, SFRs, and colors at z = 0.7 using the Gemini Near-Infrared
Spectrograph (GNIRS) and infer their gas-phase metallicity from the [NIIJA6584 and He line ratio.
We find that clumpy galaxies have lower metallicities compared to non-clumpy galaxies, with an offset
in the weighted average metallicity of 0.07 +0.02 dex. We also find an offset of 0.06 4+ 0.02 dex between
clumpy and non-clumpy galaxies in a comparable sample of 23 star-forming galaxies at z = 1.5 using
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* GNIRS: <z>=0.7 (32 ranaktukn)
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Using the stellar masses and SFRs from the UltraV-
ISTA catalog, we then select galaxies of similar masses
and SFRs to ensure that any observed metallicity off-
set 18 not driven by the fundamental metallicity rela-
tion. The masses were derived by fitting the spectral
energy distribution of 30 photometric filters, extend-
ing from 0.15 — 24 pum, and the SFRs were determined
from the rest-frame UV and infrared luminosity. We se-
lect primarily galaxies with log(M., /Mg ) = 10.5. This
corresponds to star-forming galaxies with a high SFR
(210 Mgyr—!), and therefore increases the likelihood of
a strong detection for both Ha and [NII|\6584. Lastly,
we select galaxies of similar colors (i.e., U—V and V —.J)
to mitigate the effect of dust in our analyses as galax-
ies with higher dust attenuation generally have higher
metallicities.

Figure 1 summarizes our GNIRS galaxy sample. We
select 42 galaxies; 23 are clumpy galaxies and 19 are
non-clumpy galaxies (the classification of clumpy and
non-clumpy is presented in Section 2.4). The solid
markers denote galaxies that have a detection of
SNR > 3 in both Ha and [NII]A6584. Through-
out the analysis we use only these S/N > 3
galaxies, which reduces our sample to 32 galax-
ies. The average mass for the clumpy galaxies is
log(M,/Mg) = 10481025 with an average SFR. of
log(SFR [Mg yr—Y]) = 1.2379 1. The average mass for
non-clumpy galaxies is log(M, /Mg) = 10.5470:03, and
their averase SFR is loe(SFR M~ v = 1.301T%12.
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Figure 2. Comparton of deconvolosd images to the corresponcling HST images. From the ket to dght panel, we compre the
V-hand imaging to FSW, s+-band imaging to FSIW, and the composite Vel image to a composite image constrocted from
Faie W Feig W+ FLE0W. Esch stamp i3 787 = T8". For each panel, the left to right column shows the ground-Tassd ioage,
the deconvolved image, and the corresponding HST image. Only 8 out of the 42 galaxies from our sample have HST imsging in
the 3 HST filters. The images are deconvolved to a resalution of 0,37, corresponding to a physical scale of ~2.3 kpe at 2 = 0.7,
W arnange the fgune sch that the galaxies are shown inoascemling order based on their clompiness, as definesd by the ratio of
rest-frame TV light emitted from clumps relative to the host galacy, Clompy galaxies are those with cluomps that have an least

A% of the tobal rest-frooe UV hominosity.
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Figure 5. Left: the metallicities of clumpy and non-clumpy galaxies in relation to stellar masses. The dark, larger markers
show the weighted average. The different lines show the mass-metallicity relation for galaxies at z = 0.8 from Zahid et al.
(2014); de los Reyes et al. (2015); Guo et al. (2016), and Huang et al. (2019). The error is calculated as the weighted standard
error. Right: The metallicities in relation to the projected stellar masses and star formation rate.
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Figure 6. The histogram of the differences between the
observed metallicity and the re-normalized mass-metallicity
relation from de los Reyes et al. (2015) for clumpy and non-
clumpy galaxies. Using a KS test, we find the two distribu-
tions are statistically different, with a p-value of 0.004.
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Figure 7. The fundamental metallicity relation of clumpy
and non-clumpy galaxies in the FMOS-COSMOS sample.
The darker markers shows the weighted average, and the
error is taken as the weighted standard error. In general,
the metallicity of clumpy and non-clumpy galaxies in the
FMOS-COSMOS sample are similar to the GNIRS sample.
The metallicity offset is measured to be 0.06 & 0.02 dex.
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Figure 8. The relation between r}'[;," ve and fgas for clumpy
and non-clumpy galaxies. fgs is derived from the inte-
grated SFR, using the Kennicutt-Schmidt relation. The
darker color markers show the mean value, and the er-
ror is calculated as the standard error of the mean. The
dotted line shows the typical cutoff between rotationally-
and dispersion-dominated systems Forster Schreiber et al
(2009). The shaded region shows the parameter space in
which the Toomre Q value is less than 1 (i.e., unstable disks).
This relation is defined by Eqn. 7 (see text for the deriva-
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Figure 1. Detection of the [OIll] 88um transition at z = 12.3. The left panel shows the 35 x 375 moment-0 map of the
line, along with the ALMA beam-size (black ellipse) and the JWST NIRCam position of GHZ2 (black cross). Contours show
signal-to-noise ratio in steps of £1o (with dashed lines for negative values). The ~ 5o detection from ALMA is in very good
agreement with the JWST position. The extracted spectrum from the peak pixel is shown on the right panel along with the best-
fit Gaussian function (red solid line) and associated uncertainty (gray lines; see main text for details), implying a spectroscopic
redshift of 2 = 12.3327 £0.0035. On the top, we show the associated redshifts inferred from the different instruments, including
NIRSpec, MIRI, and ALMA. Thanks to the higher spectral resolution of the ALMA observations, the redshift precision is
increased by ~ 5x.

Table 1. [OIII] 88 um line properties (un-
corrected for gravitational amplification).

GHZ2
RA = 00:13:59.76; Dec = —30:19:29.16
Z[OTIT) &8 e 12.3327 4+ 0.0035
ZNIRSpec 12.342 4 0.009
ZMIRI b 12.33 £ 0.04
Veery |GHz] 254487 + 0.019
FWHM [kms ] 186 + 58
Siotal [mJy kms™ 1] 36 + 10
Liory [Le]x10® 1.7+04

@ Castellano et al. (2024)

b Zavala et al. (2024)
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Assuming a spherical geometry (a reasonable assump-
tion for this very compact source), we estimate the dy-
namical mass using the virial equation (e.g. Pettini et al.
2001; Wolf et al. 2010):

50°R

Mgyn = el

(1)
where o is the velocity dispersion and R is the virial
radius. The velocity dispersion is determined from the
[OI1I] 88um transition (¢ = 79 + 25kms™!) and the
virial radius is adopted to be the half-light radius mea-
sured from the JWST/NIRcam images, with reported
values of 1y, = 39 + 11pc (Ono et al. 2023) and
105 £ 9pe (Yang et al. 2022). Using Equation 1 and
the aforementioned assumptions we constrain the dy-
namical mass to be 3 x 10% — 8 x 108 M.

This is remarkably similar to the stellar masses in-
ferred from the spectro-photometric SED fitting analy-
sis presented in Zavala et al. (2024), with best-fit stellar
masses of 2 x 10% — 8 x 10°* M (assuming a magnifica-
tion of p = 1.3: Bergamini et al. 2023). This implies
a dynamical-to-stellar mass ratio of close to unity for
GHZ2, similar to the measured values for globular clus-
ters (e.g. Forbes et al. 2014), providing more evidence
for a relation between these objects as discussed below.

i ™ -
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Figure 5. The stellar mass-velocity dispersion relationship. The velocity dispersion as a function of stellar mass (left) and
stellar mass surface density (right) for different populations of pressure-supported systems (taken from Norris et al. 2014),
including globular clusters (light purple circles), ultra-compact dwarfs (solid purple circles), dwarf ellipticals (down-pointing
triangles), compact ellipticals (blue solid circles), and ellipitcal and S0 galaxies (green squares). Our target, GHZ2, represented
by the yellow star, shows a similar stellar mass surface density as globular clusters, but with a higher total stellar mass that
is in better agreement with those of ultra-compact dwarfs and compact ellipticals. Indeed, it occupies a similar locus as M32,
the prototypical compact elliptical galaxy (represented by the up-pointing blue triangle). Note, however, that significant mass
losses are expected due to stellar and dynamical evolution that would eventually affect the position of GHZ2 on this parameter

space.



