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High CO/H; ratios supports an exocometary origin for a CO-rich
debris disk

K.D. Smith! @ *, L. Matra! ®, K. Zhang? ®, A. Brennan' ®, A. M. Hughes® ©, C. Chen*® ®, 1. Rebollido® ©, D.
Wilner’” @, A. ]:'vlc:l::ergeS . S. Redfield” @, A. Hales? @, and K. C‘lberg?

Context. Over 20 exocometary belts host detectable circumstellar gas, mostly in the form of CO. Two competing theories for its origin
have emerged, positing the gas to be primordial or secondary. Primordial gas survives from the belt’s parent protoplanetary disk and is
therefore H,-rich. Secondary gas is outgassed in-situ by exocomets and is relatively H,-poor. Discriminating between these scenarios
has not been possible for belts hosting unexpectedly large quantities of CO.

Aims. We aim to break this gas origin dichotomy via direct measurement of H> column densities in two edge-on CO-rich exocometary
belts around ~15 Myr-old A-type stars, constraining the ﬁ—? ratio and CO gas lifetimes. Observing edge-on belts enables rovibrational

absorption spectroscopy against the stellar background.

Methods. We present near-IR CRIRES+ spectra of HD 110058 and HD 131488 which provide the first direct probe of H, gas in
CO-rich exocometary belts. We target the H, (v=1-0 S(0)) line at 2223.3 nm and and the >’CO v = 2 — 0 rovibrational lines in the
range 2333.8-2335.5 nm and derive constraints on column densities along the line-of-sight to the stars.

Results. We strongly detect '>CO but not H, in the CRIRES+ spectra. This allows us to place 3o lower limits on the % ratios

of > 1.35 x 107 and > 3.09 x 10~ for HD 110058 and HD 131488 respectively. These constraints demonstrate that at least for
HD 110058, the exocometary gas is compositionally distinct and significantly H,-poor, compared to the < 107 ﬁ—? ratios typical of

protoplanetary disks. We also find H, alone is unlikely to shield CO over the lifetime of the systems. Overall this suggests that the gas
in CO-rich belts is most likely not primordial in origin, supporting the presence of exocometary gas.
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Parameter HD 131488 References HD 110058 References
Spectral Type AlV [1] A0V [2]
R.A. (J2000) 14 55 08.03 [1] 12 39 46.14 [2]
Decl. (J2000) -41 07 13.3 [1] -49 11 55.84 [2]
K-band Magnitude 7.803 [3] 7.583 [3]
Radial Velocity (km s™') 59700 8] 12.5300] 8]
Distance (pc) ISZf?}% [4] 13Gjﬁ_2 [4]
Assoclation Upper Centaurus Lupus [1] Lower Centaurus Crux [2]
Age ~16 Myr [1] ~17 Myr [2]
Log(g) 3.80*038 [4] 3.541”-411 [4]
Stellar Radius (Ry) l.6f}i§:g’}§ [4] 1 .SSjE% [4]
Stellar Mass (M) 1.8 [5] 1.84 [2]
Disk Inclination (°) 8243 [6] SS.Sﬁ g [2]
Rin (au) 357)) [7] 74133 [2]
Ry (au) 140* i [7] 80 +12 [2]
log(N¢o (cm™2)) IB.IJ_“J’-2 [4] 19.?”:“: [4]
Ty (K) 141j£5ﬂ [8] 133.Dj'l'§ [8]

References. [1] Melis et al. (2013); [2] Hales et al. (2022); [3] Cutri et al. (2003); [4] Brennan et al. (2025); [5] Matra et al. (2018a); [6] Modr
et al. (2017); [7] Smirnov-Pinchukov et al. (2022); [8] This work. Note: T, is the kinetic temperature from the 2CO observations summarised in
Appendix C. It is only the same as the kinetic temperature if the system is in LTE and the H; is colocated with the CO. R;;, and R, are the radii
for the CO disk while the disk inclination is derived from the dust disk.
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A three-dimensional reconstruction of the interstellar magnetic
field toward a star-forming region

K. Ferriére', L. Montier], and J.-S. Carriere!

Context. The polarized thermal emission from interstellar dust offers a valuable tool for probing both the dust and the magnetic field
in the interstellar medium (ISM). However, existing observations only yield the total amount of dust emission along the line of sight
(LoS), with no information on its LoS distribution.

Aims. We pre[sent a new method designed to give access to the LoS distribution of the dust emission, both in terms of intensity and
polarization.

Methods. We relied on three kinematic gas tracers (Hi, '>CO, and *CO emission lines) to identify the different clouds present along
the LoS. We decomposed the measured intensity of the dust emission, [, into separate contributions from these clouds. We performed
a similar decomposition of the measured Stokes parameters for linear polarization, Q4 and Uy, to derive the polarization parameters
of the different clouds, and from this we inferred the clouds” magnetic field orientations.

Results. We applied our method to a 3 deg” region of the sky, centered on (I, b) = (139°30’,-3°16") and exhibiting signs of star
formation activity. We found this region to be dominated by an extended and bright cloud with nearly horizontal magnetic field, as
expected from the nearly vertical polarization angles measured by Planck. More importantly, we detected the presence of two smaller,
depolarizing molecular clouds with very different magnetic field orientations in the plane of the sky (= 65° and = 45° from the
horizontal). This is a novel and viable result, which cannot be directly read off the Planck polarization maps.

Conclusions. The application of our method to the G139 region convincingly demonstrates the need to complement 2D polarization
maps with 3D kinematic information when looking for reliable estimates of magnetic field orientations.
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The ODYSSEUS Survey. Spatial correlation of magnetospheric inclinations points to parsec-scale
star-cloud connection

CAELEY V. PrrTMAN & 12* CATHERINE C. ESPAILLAT 212 THANAWUTH THANATHIBODEE (& 3 Nuria Carver @4

LEE W. HARTMANN 2 * AND SYLVIE CABRIT (2°°

The properties of stars and planets are shaped by the initial conditions of their natal clouds. How-
ever, the spatial scales over which the initial conditions can exert a significant influence are not well
constrained. We report the first evidence for parsec-scale spatial correlations of stellar magnetospheric
inclinations (imag), observed in the Lupus low-mass star forming region. Applying consensus clustering
with a hierarchical density-based clustering algorithm, we demonstrate that the detected spatial de-
pendencies are stable against perturbations by measurement uncertainties. The i,,,, correlation scales
are on the order of ~3 pc, which aligns with the typical scales of the Lupus molecular cloud filaments.
Our results reveal a connection between large-scale forces—in the form of expanding shells from the
Upper Scorpius and Upper-Centaurus-Lupus regions—and sub-au scale system configurations. We
find that Lupus has a non-uniform %, distribution and suggest that this results from the preferential
elongation of protostellar cores along filamentary axes. Non-uniformity would have significant impli-
cations for exoplanet occurrence rate calculations, so future work should explore the longevity of these
biases driven by the star-cloud connection.
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