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Abstract

We present high-angular-resolution (0,068, ~400 pc) Atacama Large Millimeter/submillimeter Array (ALMA)
imaging of the [C IT] line and dust continuum emission of PSO J352.4034-15.3373, a radio-loud quasar at z = 5.83.
The observations reveal a remarkably close match between the orientation of the [CII] and thermal dust emission
mapped by ALMA and radio synchrotron emission of a radio jet previously mapped by the Very Long Baseline
Array. This narrow alignment extends over ~4 kpc, reminiscent of the well-studied “alignment effect” in lower-
redshift rad10 galaxies. The [C 1] kinematics show a linear increase in velocity with galactocentric radii up to
~200 km s~ ' at r = 2 kpc, consistent with bulk motions within the galaxy potential, and not relativistic jet motions.
The kinematics and respective morphologies are consistent with a picture in which the relativistic jet injects energy
into the interstellar medium (potentlally leading to subsequent star formation), giving rise to the observed
alignment and significant (=100 km s~ " [C11] velocity dispersion within the host galaxy on kiloparsec scales.
Indeed, the astonishingly close alignment and narrow linearity of the radio jet with the [C II] and dust emission are
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hard to conceive without some fundamental relationship between the two.

Unified Astronomy Thesaurus concepts: Quasars (1319); Reionization (1383); Interstellar medium (847)

1. Introduction

Ever since their first detection more than 20 yr ago (X. Fan
et al. 2001), the existence of quasars at Cosmic Dawn (z 2 6;
i.e., when the Universe was <1 Gyr old) has challenged our
understanding of early supermassive black hole (SMBH) and
galaxy formation (e.g., review by X. Fan et al. 2023). Their
high rest-frame UV brightness and broad-line region properties
provide clear evidence that the centers of these quasars are
powered by accreting SMBHs that often exceed masses of
10° M. These SMBHs thus must have accreted copious
amounts of mass throughout their short lifetimes. To explain
this rapid growth, theories invariably predict that quasars
emerge in overdense environments through rapid gas accretion
and mergers. These processes also build up the host galaxies,
but theories disagree if the growth of the black holes outpaces
the growth of the galaxies or vice versa (e.g., M. Habouzit et al.
2021; M. Volonteri et al. 2021).

One of the early puzzling findings from the pre—Atacama
Large Millimeter/submillimeter Array (ALMA) era was the
detection of large amounts of cold dust and molecular gas in the
host galaxy of the z=6.4 quasar J1148+4-5251 (exceeding gas
masses of 1010M@; F. Walter et al. 2003, 2004; F. Bertoldi et al.

Original content from this work may be used under the terms

BY of the Creative Commons Attribution 4.0 licence. Any further
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of the work, journal citation and DOI.

2003; R. Maiolino et al. 2005), demonstrating the presence of
highly enriched gas on kiloparsec scales within the first gigayear
of the Universe. Today, out of the ~300 quasars that are known
at redshifts z = 6, about 100 have been observed with ALMA,
and most are detected through the redshifted 158 pm line of
ionized carbon ([CII]) and the underlying thermal dust
continuum (e.g., R. Decarli et al. 2018; B. P. Venemans et al.
2018; X. Fan et al. 2023). This interstellar medium (traced
through dust continuum, [C IT], and CO emission lines) is found
to be in a cold phase (~50K; e.g., C. Leipski et al. 2014) and is
thought to be heated by star formation in the quasar hosts. With
the advent of JWST, star formation and stellar mass tracers are
now also being routinely detected in this high-redshift quasar
population (e.g., X. Ding et al. 2023; R. Decarli et al. 2024;
M. Onoue et al. 2024).

So far, high-spatial-resolution (few—100 pc) ALMA imaging
of the dust and [C1I] in z 2 6 quasar host galaxies have found
little evidence for interactions or feedback between the central
SMBH and the host galaxy (B. P. Venemans et al. 2019;
F. Walter et al. 2022; R. A. Meyer et al. 2023; M. Neeleman
et al. 2023; R. A. Meyer et al. 2025). This is surprising, as the
active galactic nucleus (AGN) or quasar phase of a galaxy, i.e.,
when the central SMBH is actively accreting material and
releasing energy into the surrounding medium, is thought to
play an important role in shaping its host galaxy, thus affecting
the process of galaxy evolution (e.g., A. C. Fabian 2012;
D. Wylezalek & R. Morganti 2018). For example, relativistic
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jets powered by SMBHs are thought to affect their environment
on galactic (kiloparsec or even 10s of kiloparsec) scales
(the so-called kinetic or radio-mode feedback). This kinetic
feedback is often associated with low-power AGN, but this
mode can also be significant on sources with high accretion
rates, such as quasars (e.g., H. R. Russell et al. 2013;
N. P. H. Nesvadba et al. 2017).

In this Letter, we present high-resolution ALMA observa-
tions to map the dust and [CII] gas of the z=5.83 quasar
PSO J352.4034—15.3373 (hereafter P352-15; E. Bafiados et al.
2018). This quasar was originally selected through standard
color-selection techniques and later identified to be one of the
few radio-loud quasars known at the time at z ~ 6. Very Long
Baseline Array (VLBA) observations at high resolution
(~0'017, ~100pc) revealed that P352—15 hosts the largest
jet observed in the Universe’s first billion years (E. Momyjian
et al. 2018), with X-ray observations showing that the jet may
extend as much as 50 kpc (T. Connor et al. 2021). Follow-up
low (kiloparsec-scale)-resolution ALMA [C1I] and dust con-
tinuum mapping of P352-15 revealed typical gas and dust
masses as compared to the z~ 6 quasar population: indeed,
P352-15 broadly follows the Lgr—Ljcm; distribution found in
the z~ 6-7 quasar distribution. The far-infrared (FIR)-radio
spectral energy distribution implies that the ALMA continuum
emission is not significantly affected (at most at a 10% level)
by the synchrotron emission seen in the radio regime
(S. Rojas-Ruiz et al. 2021).

We use a flat cosmology with Hy=70kms ' Mpc ',
Quy=03, and Q,=0.7. At z=5.831, the Universe is
950 Myr old, and one proper kiloparsec corresponds to 07172
(1”7 equals 5.81 kpc).

2. Observations

P352-15 was observed in ALMA Band 7 (S. Mabhieu et al.
2012) to map its (rest-frame) 158 ym [CII] emission line and
underlying continuum emission. The observations were carried
out during two different ALMA Cycles (cycles 6 and 9) with
similar antenna configurations (5th [80th] percentiles of 336 m
[3626 m] and 315 m [3282 m], respectively). The first set of
observations was conducted in Cycle 6 on UT 2019 July 31
(ALMA PID 2018.1.00656.S) for a total duration of 1.7 hr
(49 minutes on source). The second set of observations was
conducted in Cycle 9 between UT 2023 June 22 and June 2023
June 30 (ALMA PID 2022.1.01587.S) with a total time of
29.8 hr (12.9 hr on source). The blazar J0006—0623 was used
as a flux density scale and bandpass calibrator, and the blazar
J2331—-1556 was used as a phase calibrator. One of the
1.875 GHz spectral windows was centered on the expected
frequency of the redshifted [CII] emission (277.8 GHz),
whereas the remaining 1.875 GHz spectral windows were set
up to detect continuum emission at sky frequencies of 279.8,
289.9, and 291.9 GHz.

The data from 2018.1.00656.S and 2022.1.01587.S were
processed using the Cycle-specific ALMA pipelines
(T. R. Hunter et al. 2023), which are part of the Common
Astronomy Software Application (CASA) package (V.5.6.1-8
and V6.2.1-7 for Cycle 6 and Cycle 9, respectively;
J. P. McMullin et al. 2007; CASA Team et al. 2022). The
two data sets were then combined using the task concat in the
most recent version of CASA at the time of analysis (V6.5.2-
26). Further imaging and processing were done in this version
of CASA as well.
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A continuum image was created using the CASA task tclean
by considering only the line-free channels within the data. This
resulted in a total bandwidth of 6.9 GHz after removing
0.6 GHz around the [C IT] emission line. For all of the imaging,
we used Briggs weighting with a robust factor of 0.5. To reduce
imaging artifacts caused by the sparser sampling at longer
baselines, we also applied a wv-taper corresponding to a
Gaussian with a standard deviation in the image plane of 0704.
This results in a continuum image with an rms noise level of
4.1 ;iJy beam™ ' and a synthesized beam size of 07076 x 07062
(corresponding to 0.44 x 0.36 kpc at the redshift of P352-15).

To create the spectral cube, we first subtracted the underlying
dust continuum using the task uvcontsub by fitting a zeroth-order
polynomial to the line-free channels in the spectral window
containing the redshifted [C IT] emission line. The spectral cube
was then created within fclean with channel widths of
31.25MHz (~34kms ') resulting in an average rms noise of
62 1Jy beam™' per channel and a synthesized beam of
07076 x 0"063. We also generated an integrated [CII] map by
imaging a single 600kms~' channel centered on the [CII]
emission line (i.e., centered at 278.2976 GHz). This velocity
range covers the full [C1I] emission of P352-15 (AVrwam =
435+ 82kms '; S. Rojas-Ruiz et al. 2021). The rms noise of
this [C II] map is 19.6 Jybeam ' or 11.8 mJy kms ™' beam ™'
and has the same synthesized beam as the spectral cube. We note
that our imaging data have a maximum recoverable scale of 0”6,
implying that our data are not sensitive to emission on larger
scales.

3. Results
3.1. ALMA Continuum Emission

The left panel of Figure 1 shows the ALMA continuum map.
With an rms noise of 4.1 yJybeam™', individual emission
peaks with a significance of 3¢ and higher are located along a
linear structure over 0793 (5.4kpc). The peak emission is
37 + 4 pJybeam ', corresponding to 9. Summing up all
emission along the linear feature gives a total flux density of
0.17mly, or about 50 % of the flux reported in the lower-
resolution (arcsec-scale) imaging presented by S. Rojas-Ruiz
et al. (2021)."* This implies that about half of the continuum
emission is not recovered in our highest-resolution observa-
tions and is distributed on larger spatial scales, presumably in
the host galaxy. It should be stressed that no other of the half-
dozen z ~ 6 quasars observed at similar subkiloparsec spatial
resolution show such a linear clumpy dust continuum structure
(e.g., B. P. Venemans et al. 2019; F. Walter et al. 2022;
R. A. Meyer et al. 2023; M. Neeleman et al. 2023; R. A. Meyer
et al. 2025).

Averaged over the synthesized beam of © =0.0657
A=0.107cm (corresponding to 278.25 GHz), and using
Equation (2.33) in J. J. Condon & S. M. Ransom (2016) and
correcting for redshift, this central peak corresponds to a beam-
averaged surface brightness temperature contrast of 73 = 1.1 K
above the extended cosmic microwave background, and the
other peaks along the linear structure consequently have even
lower surface brightness temperatures. This low temperature
implies that the emission is beam-diluted thermal dust emission
and not due to nonthermal synchrotron emission. The latter

12 We note that we recover the same total flux in our data when tapering the
emission to a 0.3 beam.
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would have an intrinsic temperature of millions of kelvin, as is
the case for the VLBA) synchrotron radio-emitting jet
components (E. Momjian et al. 2018). A thermal emission
scenario is also in agreement with the radio-FIR spectral
energy analysis presented in S. Rojas-Ruiz et al. (2021), which
showed that the ALMA continuum emission is mainly (>90%)
of thermal origin. Assuming a typical intrinsic temperature of
quasar host galaxies of ~50K (e.g., C. Leipski et al. 2014)
implies that the emission is still significantly clumped within
our 400 pc synthesized beam (as seen in the case of the z = 6.6
quasar J0305-3150; R. A. Meyer et al. 2025).

If we assume that the dust continuum is indeed powered by
star formation, we can derive the corresponding star formation
rates (SFRs): using standard assumptions, our 1o rms noise of
4.2 pJybeam ' corresponds to a total infrared (TIR) luminosity
of Lyr=15x10""L., or a TIR-derived lo SFR of
14M_yr ' (R. C. Kennicutt & N. J. Evans 2012), i.e., the
individual clumps seen in the ALMA continuum map have
implied SFRs in the range of 5-10 M, yr—', with a central peak
SFR of ~13 M, yr . For reference, the total TIR-based SFR in
P352-15is 110.0 + 13.0 M. yr ' (S. Rojas-Ruiz et al. 2021).

3.2. Integrated ALMA [C 1I] Emission

The integrated [CII] map is shown in the right panel of
Figure 1. We measure a total [C 1] line flux of 0.37 Jykms ™",
or about one third of the total flux reported in S. Rojas-Ruiz
et al. (2021). This implies that about two thirds of the [C II] line
is distributed over larger scales in the host galaxy (a slightly
larger fraction than in the case of the continuum; Section 3.1).
This [CI] map shows the same linear structure as the
continuum map, albeit over a slightly smaller total extent
(0'7, 4.1 kpe). It is also less symmetric than the dust continuum
emission, with excess [CII] emission toward the south—east,
compared to the north—west (albeit the respective signal-to-
noise ratio (S/N) is not high enough to formally rule out that

Walter et al.
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Figure 1. ALMA 400 pc resolution imaging of the dust continuum emission at 285 GHz (left) and the [C II] emission averaged over the central 600 km s7! (right).
Contours start at +2¢0 and increase/decrease in powers of V2. For the continuum, 1o corresponds to 4.1 pJybeam ', and for the [CII] line,
1o =11.8 mJy kms~' beam™". Coordinates are given relative to the brightest source seen in the VLBA observations discussed in Section 3.3 at R.A.(International
Celestial Reference System, ICRS) = 23"29™3658316, decl.ICRS)= —15°20'147498 (E. Momjian et al. 2018). The beam size is indicated in the lower-left corner of
both panels, and a 1 kpc scale is shown in the bottom right of the [C II] map.

the emission peaks are different). We discuss the [CII]
kinematics in Section 3.5.

3.3. VLBA Observations

VLBA 1.54 GHz observations of the radio jet were reported
in E. Momyjian et al. (2018), where two possible scenarios are
discussed: (i) a radio core with a one-sided jet and (ii) a double-
lobed symmetric object. Follow-up VLBA observations at
other frequencies now greatly favor scenario (i), where the
brightest VLBI source is indeed the core of the system
(E. Momyjian et al. 2025, in preparation). This implies that the
radio counterjet is invisible due to relativistic deboosting
effects.

We overplot the VLBA 1.54 GHz image on top of our
ALMA observations in Figure 2. For this, we shifted the
ALMA images by 24 mas to the west and 5 mas to the north
(Iess than half a synthesized ALMA beam) to align the bright
central source in both the ALMA and the VLBA maps. This is
justified, as the ALMA astrometry is challenging at these
resolutions: according the ALMA Technical Handbook,"® at
resolutions of ~50mas the astrometric accuracy is about
~10% of the synthesized beam if the science target is detected
at S/N > 20. In our case, the astrometric accuracy is therefore
signal-to-noise limited. As the current observations already
represent a 30 hr investment with ALMA, it will be difficult to
significantly increase the current signal to noise in the
continuum before the completion of the ALMA Wideband
Sensitivity Upgrade. For reference, the VLBA observations
employed nodding-style phase referencing using the nearby
calibrator J2327-1447, with a reported uncertainty in the
position of the phase calibrator of 0.09 mas in R.A. and
0.13mas in decl. (E. Momjian et al. 2018). Within the
uncertainties, the positions of the optical quasar and the

'3 Chapter 10 in https://almascience.eso.org/documents-and-tools /cycle8 /
alma-technical-handbook.
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Figure 2. Superposition of the ALMA dust continuum (blue contours), ALMA [C II] emission (orange contours), and the VLBA 1.54 GHz radio continuum image
(black contours). The dust continuum emission at 285 GHz and [C 1I] emission have the same contour levels, as shown in Figure 1. The VLBA image presented in
E. Momjian et al. (2018) is shown in black contours starting at 430 (1o = 67 yJy beam ') and increase /decrease by powers of V2. The ALMA (VLBA) beam size is
indicated in the lower-left (right) corner. The origin in this figure and the kiloparsec-scale bar are as in Figure 1. As discussed in Section 3.3, we have shifted the
ALMA data slightly (<25 mas) in order to center the ALMA dust continuum peak on the peak of the VLBA image.

brightest ALMA and VLBA continuum source are thus in
agreement.

3.4. Morphology Comparison

When overplotting all three maps (ALMA submillimeter
dust continuum, [CII] line emission, and VLBA 1.54 GHz
radio continuum emission) in Figure 2, we find clear overall
alignment between all structures in P352—15 along the linear
structure defined by the VLBA radio jet. We stress that we see
[C11] and dust continuum emission associated with the eastern
counterjet, which is unseen in radio observations. This makes
physical sense: the actual jet is powered on both sides of the
central quasar, but only one side is seen in the radio VLBA
observations. This is because the relativistic boosting of the
side of the jet pointed toward us is contrasted by a deboosting
on the opposite side, quenching observed flux. However, if the
jet gives rise to enhanced dust (and gas) emission toward both
sides (as argued in Section 4), then this enhanced emission will
be observed toward both sides in submillimeter emission, as no
relativistic effects are at play that would boost or deboost that
emission.

The fact that the dust continuum and [C II] emission maxima
along the jet do not show strong correspondence presumably
implies that the jet encounters different physical conditions as it
travels through the interstellar medium of the galaxy. We
however note that there is some morphological correspondence
between the jet seen in radio and dust continuum. In addition,
the ALMA dust continuum image shows some symmetry in the
jet and counterjet: the three clumps on either side of the central
source are spaced relatively symmetric and might indicate that
the quasar activity is bursty in nature. If there were an older
episode of a double radio jet, a low-frequency observation

might reveal a symmetric large-scale structure in the source
(e.g., G. Miley & C. De Breuck 2008).

3.5. Kinematics

In the top-left panel of Figure 3, we show a position—velocity
diagram of the [CII] emission along the linear jet structure,
centered on the ALMA continuum emission peak. In the top-
right panel of the same figure, we show the [C II] velocity field
of P352-15 (here the dashed line indicates the orientation of
the position—velocity diagram shown in the left). To create this
velocity field, we have fitted Gaussian profiles to all pixels
detected at >30 in the velocity-integrated flux density map.
This approach yields more reliable results in cases of low S/N
compared to a first moment image (see, e.g., Appendix C in
M. Neeleman et al. 2021). A clear [C1I] velocity gradient is
apparent; velocities increase approximately linearly as a
function of distance from the center, from the systemic velocity
of the source to £200 km s~ '. In creating these maps, we have
revised the systemic velocity (and thus redshift) of P352-15
slightly, by ~—100kms ™', from z = 5.831 to z = 5.8270. This
shift centers the [C IT] spectrum at the nominal position of the
quasar (i.e., the point where the continuum emission is
maximum). This shift is necessary because significant [CII]
emission arises from the jet, which shifts the centroid in the
low-resolution data presented in S. Rojas-Ruiz et al. (2021).

From the [CII] kinematics we can reach a number of
important conclusions: most importantly, the [CII] velocities
encountered are typical for galaxy kinematics and interactions
(up to a few 100kms™ "), and we do not find major velocity
discontinuities at the level of thousands of km s_l, which might
be expected for jet—cloud interactions. (Section 3.4). Second,
toward the center (indicated by the black cross and the
spectrum at position (B)), there is evidence for enhanced
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Figure 3. Position—velocity diagram (top left) of the [C 1I] emission oriented along the direction of the jet as shown by the dashed line (PA = 303°) in the velocity field
of the [C 1I] emission line (top right). In both panels, positive spatial offsets correspond to offsets toward the east. The cross indicates the position of the brightest peak
in the VLBA observations (E. Momyjian et al. 2018). Contours are plotted in powers of J2, starting at =20 (negative contours are dashed). To increase the S/N of the

extended emission, we smoothed the data to a resolution of

~0"1, as shown by the updated beam in the bottom-right inset of the right panel (the contours in the right

panel are the integrated [C II] flux density map using the original resolution shown in Figures 1 and 2). A smooth, linear increase velocity gradient is apparent,

reaching maximum velocities of approximately +(—) 200 km s~

! along the eastern (western) jet. The bottom panels are single-beam spectra extracted from different

positions along the jet (labeled (A), (B), and (C) in top-right panel) spaced 0725 apart. The velocity dispersion determined from a Gaussian fit to the data (red line) is
given in the two bottom-left panels. No successful fit was obtained for the spectrum at position (C).

velocity dispersion, albeit at low signal to noise. Toward the
south (position A), [CII] emission shows a velocity dispersion
with a [C1I] FWHM of 130 kms™', consistent with previous
dispersion measurements in other z 2> 6 quasars based on
similarly high-resolution ALMA data (B. P. Venemans et al.
2019; F. Walter et al. 2022; R. A. Meyer et al. 2023, 2025;
M. Neeleman et al. 2023).

4. Discussion and Summary

We report 400 pc resolution ALMA imaging of the [C1I]
line and the 285 GHz dust continuum in P352-15 at z = 5.83,
a radio-loud quasar at the end of cosmic reionization. The
ALMA and VLBA observations reveal a remarkably narrow
and linear correlation between the [CII], thermal dust, and
VLBA radio synchrotron emission, with a full length of about
4 kpc and width at least 10 times smaller. The gas kinematics
show a simple linear velocity gradient, with velocities that
are consistent with those encountered in typical galactic
environments.

We interpret our findings with the following physical
picture: Consider a galaxy-wide distribution of cool gas and
dust in the quasar host galaxy with a large-scale velocity
gradient due to rotation, galaxy interactions, or infall of gas.
However, this emission on galactic scales is too faint to be

mapped out with our current 400 pc resolution data. A powerful
relativistic radio jet is launched by the central quasar and
rapidly passes through the host galaxy and its interstellar
medium. Synchrotron emission is seen from radio jet knots,
which form and fade on short timescales in regions of enhanced
jet—cloud interaction (on timescales of thousands of years or
even less; e.g., M. Perucho et al. 2014). In these same regions,
shocks driven by the jet compress the local clouds, heat the
interstellar medium, and may even induce some clouds to form
stars (“positive feedback™). In turn, this injection of turbulent
energy (and possibly star formation) heats the dust, giving rise
to the observed rest-frame FIR continuum and [CII] line
emission seen by ALMA. The passage of the jet thus
effectively leaves a “streak” of enhanced thermal dust
continuum and [CII] emission, which would be persistent on
timescales longer than its cause (the radio jet with relativistic
speeds). If this emission was associated with star formation, it
would likely even persist for much longer (millions of years)
than most of the radio continuum jet emission. The fact that we
do not see any “streaks” of enhanced star formation in radio-
quiet quasars (assuming they were radio loud at some point in
their past) would then suggest that either the timescales for this
enhanced star formation are comparable to the timescales of the
jet or otherwise dynamical processes within the disk (e,g.,
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mergers and disk rotation) quickly remove any evidence of jet-
triggered enhanced star formation.

This situation resembles the well-studied radio-optical
“alignment effect” in high-redshift radio galaxies, in which a
general alignment is seen between the kiloparsec-scale radio jet
direction and the optical starlight and Ly« emission on scales
out to tens of kiloparsecs (e.g., P. J. McCarthy et al. 1990). In
most cases, this alignment is not exact but is seen as just a
broad agreement. However, there is at least one case, the
z=23.8 radio galaxy 4C41.17, where the alignment between
starlight, Ly, [CI] and CO emission, and the radio jet is
remarkably close, linear, and narrow in the inner jet on a scale
of ~14 kpc (G. V. Bicknell et al. 2000; N. P. H. Nesvadba et al.
2020), similar to what is seen in P352—15. In 4C 41.17 these
authors argue, from the close correlation between bright radio
knots with optical components, as well as from the broad
velocity dispersions of the C IV and millimeter emission lines,
for jet-induced star formation, where shocks caused by the
advancing radio source compress the dense clouds and enhance
star formation on a timescale of order 10° yr. Thus, 4C41.17
perhaps shows the most direct evidence for positive “radio-
mode feedback” in a distant galaxy, where the expanding radio
source enhances the galaxy formation process through induced
star formation. An alternative physical interpretation for the
alignment effect was introduced by S. A. Eales (1992). In this
interpretation, radio hotspots are brightened when they travel
through a high-density environment.

Our high-resolution ALMA imaging of P352-15 shows a
similar, very close alignment of the axes of multiple
components (in our case gas and dust) of the host galaxy with
the radio jet. The [CII] velocity dispersion along the jet in
P352-15 is significant (>100kms™'), hinting at kinematic
evidence for jet—cloud interactions. However, there are
differences between P352-15 and 4C 41.17, principally relat-
ing to the fact that P352—15 is a broad-line radio-loud quasar
(E. Bafados et al. 2018), not a radio galaxy: a Very Large
Telescope X-shooter optical near-infrared spectrum shows a
typical high-redshift quasar spectrum, including broad Ly« that
is truncated at short wavelength due to Ly« resonant scattering
by a significantly neutral intergalactic medium, as well as broad
C IV emission with a line width of 4330 km s, from which a
black hole mass of ~10° M., has been derived (Z. L. Xie et al.
2025, in preparation). Further, Chandra observations show that
P352-15 has an X-ray power-law spectrum and optical to
X-ray luminosity ratio characteristic of high-redshift quasars
(T. Connor et al. 2021).

Potentially counter to the above scenario is a recent study of
the integrated radio spectrum of P352—15, which shows a clear
steepening in the spectrum around an observed frequency of
30 GHz out to 100 GHz (S. Rojas-Ruiz et al. 2025), from which
they derive a synchrotron/inverse Compton “spectral age” for
the radio source of order 500 yr, depending on the magnetic
field strength. This is very short compared to the timescale that
would be required for jet-induced star formation to proceed
(millions of years). Alternatively, the jet activity could be
episodic, with previous episodes giving rise to the emission
seen in the ALMA observations. In any case, the astonishingly
close alignment and narrow linearity of the radio jet with the
[C1I] and dust emission are hard to conceive without some
fundamental relationship between the two. Reconciling the
respective timescales remains paramount to understanding the
nature of P352-15.

Walter et al.
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