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ABSTRACT

Although thick disk is a structure prevalent in local disk galaxies and also present in our home
Galaxy, its formation and evolution is still unclear. Whether the thick disk is born thick and/or
gradually heated to be thick after formation is under debate. To disentangle these two scenarios, one
effective approach is to inspect the thickness of young disk galaxies in the high redshift Universe. In
this work we study the vertical structure of 191 edge-on galaxies spanning redshift from 0.2 to 5 using
JWST NIRCAM imaging observations. For each galaxy, we retrieve the vertical surface brightness
profile at 1 R, and fit a sech?® function that has been convolved with the line spread function. The
obtained scale height of galaxies at z > 1.5 show no clear dependence on redshift, with a median
value in remarkable agreement with that of the Milky Way’s thick disk. This suggests that local thick
disks are already thick when they were formed in the early times and secular heating is unlikely the
main driver of thick disk formation. For galaxies at z < 1.5, however, the disk scale height decreases
systematically towards lower redshift, with low-redshift galaxies having comparable scale height with
that of the Milky Way's thin disk. This cosmic evolution of disk thickness favors an upside-down
formation scenario of galaxy disks.



We focus on the JWST observations at one single band, F115W, which among all JWST filters has currently the
longest exposure time in the CEERS survey and is a filter at short wavelength with relatively sharp PSF. In the released
F115W images in the CEERS survey, a total number of 98149 sources are detected. For each source, we retrieve a
50> 50 pixel (~ 2" x 2") image cut and obtain basic shape and photometry parameters (e.g., minor-to-major axis ratio,
position angle) using SEXTRACTOR. We then measure the effective radii of these galaxies by extracting light profile
using a series of ellipses with the same shape parameters derived above. Since the JWST CEERS field overlaps with
the HST EGS field, we adopt the physical properties of these galaxies, including photometric/spectroscopic redshifts,
stellar mass, and star formation rate (SFR) from public EGS catalogs (i.e., mass and redshift from Stefanon et al.
(2017) and SFR from Barro et al. (2019)).

We then apply the following criteria to select our sample of edge-on galaxies:

e edge-on with axes ratio < 0.4;

e relatively massive with stellar mass log(M,/Mg) > 8.5;

e star forming with specific star formation rate log(sSFR/yr™ 1) > —11;
e redshift between 0 and 5.

A number of 352 galaxies satisfy these criteria. By visual inspection, we further remove 161 galaxies which are either
wings of bright stars, part of nearby spiral galaxies, or close to companion galaxies or bright stars. Finally, the
remaining 191 galaxies consist of our edge-on galaxy sample. For three of them, spectroscopic redshift is available.
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To measure the disk thickness of our edge-on galaxies, we first retrieve the vertical surface brightness profile (VSBP)
at 1 Re, which is represented by the median profile between 0.5 and 1.5 Re. The vertical density profiles of galactic
disks are well described by sech? function (e.g., Xiang et al. 2018; Hamilton-Campos et al. 2023). We therefore fit the
VSBP of our galaxies with a sech? function

4
(Q.ﬁz.;’ hz o g Az/ha ‘J 2

2= g %

that has been convolved with the LSF obtained in §2.2. Here pg and h, are the central surface brightness and the
scale height, respectively. The sech? function approximates exponential form at large distance, but the scale height in
the sech? funection is one-half of the exponential scale height.
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Figure 3, JWET/FLI5W images and vertical surface brightness profiles of eight example galasies from low redshift at top left
to bigh redshift wt bottom right. Tn the jmage, the two gray shacded regions cover the pizels within 05——1.5 R, The length of
1l kpe at each corresponding redshiflt is illustrated at the bottom right corner of the image, In the VEBF panel, the retrieved
VEBP and best-fitted sech® model are shown as blue points and orange curve, The ohtained sech® scale length i= presented st
the beottonm. The line sprsad function obtained in 2.2 i also iocloded as meference.
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ABSTRACT

We probe the neutral circumgalactic medium (CGM) along the major axes of NGC 891 and NGC 4565 in 21-cm emission
out to = 100kpc using the Green Bank Telescope (GBT), extending our previous minor axes observations. We achieve an
unprecedented Sor sensitivity of 6.1 x 10'® em™2 per 20kms™! velocity channel. We detect H1 with diverse spectral shapes,
velocity widths, and column densities. We compare our detections to the interferometric maps from the Westerbork Synthesis
Radio Telescope (WSRT) obtained as part of the HALOGAS survey. At small impact parameters, > 31 — 43% of the emission
detected by the GBT cannot be explained by emission seen in the WSRT maps, and it increases to > 64 — 73% at large impact
parameters. This implies the presence of diffuse circumgalactic Hi. The mass ratio between H 1 in the CGM and H1 in the disk
is an order of magnitude larger than previous estimates based on shallow GBT mapping. The diffuse H1 along the major axes
pointings is corotating with the H1disk. The velocity along the minor axes pointings is consistent with an inflow and/or fountain
in NGC 891 and an inflow/outflow in NGC 4565. Including the circumgalactic H1, the depletion time and the accretion rate of
NGC 4565 are sufficient to sustain its star formation. In NGC 891, most of the required accreting material is still missing.
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For NGC 891 (excluding the UP3J/DN3J pointings), M(H1)cgm
along and around (within +m/4) the major and minor axes are
3.2+ 1.7%10°Mg and 1.4 £ 0.2 x 108Mg, respectively, resulting in
total mass of 4.6 + 1.7 x 108Mg,. For NGC 4565, M(H 1)y along
and around the major and minor axes are 2.9 + 0.6 x 10®M, and
1.0 + 0.2 x 108Mg, respectively, resulting in the total mass of
3.9 +0.6 x 108Me.

Thus. both galaxies have more mass along the major axes than
the minor axes, indicating active accretion along the major axes. The
masses quoted in D20 based on minor axes pointings and assuming
azimuthal symmetry were underestimated.

MHDeGMm 1s 11.4 £ 4.2% and 5.4 £ 0.8% of the M(H 1)gisx of
NGC 891 and NGC 4565, respectively. Based onthe GBT and WSRT
measurements within 50kpc of NGC 891 and NGC 4565, P18 esti-
mated fj9. the fraction of H1 mass below N(H1) = 10" em ™2 to
be (0.4-0.6% and (0.7-0.9%, respectively. Our measurement is larger
than the estimation of P18 by an order of magnitude. It suggests the
presence of a large amount of diffuse, extended H 1 with N(H1) be-
low 101 em~2, extending beyond 50 kpc. This emission might have
been missed due to the lower sensitivity of the GBT observations
presented in P18. Also. fg in P18 was based on azimuthal averages
in circular annuli around the galaxies, whereas we focus on pointings
along principal axes. Therefore, most of the circumgalactic H1 could
be concentrated along principal axes of the galaxies, leading to a
higher estimate in our case.

The depletion timescale, Tdep = (M(H 1)4;s1 + M(HDcgm)/SFR
is 2.1 £ 0.8 Gyr for NGC 891 and 11.4 + 1.8 Gyr for NGC 4565. By

4.4 Accretion rate

In NGC891, the total accretion rate, M. at the position of
all observed pointings integrated within the GBT beam is 0.30 =
0.03 M yr~!. For all pointings except UP3J and DN3J (as they were
excluded from the fitting of N(H 1)cGv in §4.1), we extend the accre-
tion rate calculation to each quadrant in the CGM (i.e., = /4 region
around the major and minor axes) assuming azimuthal symmetry,
and obtain Mgy of 0.73 = 0.08 Mgyr~!. Adding it to the accre-
tion rate measured within the GBT beam of the excluded pointings,
the total Mgy is 0.80 £ 0.08 Mgyr~!. Mgy along the major and
minor axes are 0.65 + 0.08 Mgyr~ ! and 0.15 + 0.01 Mgyr L.

In NGC 4565, the total Mgy at the position of all observed
pointings integrated within the GBT beam is 0.20 + 0.02 Mgyr~".
Extending the accretion rate calculation to each quadrant in the halo,
we obtain a total Mgy 0 0.83+0.08 Myr— 1. Mgy along the ma-
jor and minor axes are 0.66 £0.07 Mgyr~! and 0.17£0.03 Mgyr~ L.

Using the second definition of accretion rate (equationSb),
Megy along the major axes of NGC 891 and NGC 4565 are
0.29 +0.04 Mgyr~ ! and 0.57 + 0.06 Mgyr~!, respectively.
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Figure 5. The line-of-sight mean velocity of Hr in the CGM of NGC 891 (left) and NGC 4565 (right) in the rest frame of the galaxy. The horizontal dotted lines
denote the maximum rotational velocity of the Hi disk measured in the GBT data. The gray circles show the rotation curve of the disk along the major axis,
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ABSTRACT

We present the discovery of a new H I structure in the NGC 7194 group from the observations using
the Karl G. Jansky Very Large Array. NGC 7194 group is a nearby (z ~ 0.027) small galaxy group with
five quiescent members. The observations reveal a 200 kpc-long H I plume that spans the entire group
with a total mass of Mgy = 3.4 x 1019 M. The line-of-sight velocity of the H I gas gradually increases
from south (7200 kms™!) to north (8200 kms~!), and the local velocity dispersion is up to 70 kms~!,
The structure is not spatially coincident with any member galaxies but it shows close associations
with a number of blue star-forming knots. Intragroup H 1 gas is not rare, but this particular structure
is still one of the unusual cases in the sense that it does not show any clear connection with sizable
galaxies in the group. We discuss the potential origins of this large-scale H T gas in the NGC 7194
eroup and its relation with the intergalactic star-forming knots. We propose that this HI feature could
have originated from tidal interactions among group members or the infall of a late-type galaxy into
the group. Alternatively, it might be leftover gas from flyby intruders.
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Figure 1. {a) The DECaLS image of the NGC 7194 group. North is at the top and east is to the left, White dotted circles
are the five previously-known members of the group. Cyan circles are blue knots, The long arrow is drawn parallel with the
long diffuse and blue stream, and the small arrows mark diffuse blue branches in the south-western outskirts of the X7194. (b)
H I distributions from VLA D-confisuration is overlaid on the DECaLS image. Circle in the right-bottom corner denotes the
beam size of D-configuration. The contour levels of H I eolumn density go from 1.5 to 47.0 % 10" em™® in the interval with
100 steps in linear scale. The DECaLS images [Tﬂ” * 70" of five quiescent galaxies are shown in the bottom panel, The [Ds of

NSA 24868 and NSA 24880 are taken from the NASA-Sloan Atlas catalog (NSA. Blanton et al, 110,
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Figure 3. The spectra of three blue knots (B1 - B3) ob-
served from the Doyak 1.8-m telescope of Bohyunsan Optical
Astronomy Observatory long-slit spectrograph. We detected
Hao emission centered at 7496, 7872, and 7766 kms™ !, re-
spectively. Instrumental flux is shown since calibration is
not applied since signal to noise of the continuum is not suf-
ficient enough to analyze flux calibration.
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