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Cosmic-ray bath in a past supernova gives birth to
Earth-like planets

Ryo Sawada'**, Hiroyuki Kurokawa??, Yudai Suwa**, Tetsuo Taki?,
Shiu-Hang Lee®®, Ataru Tanikawa’

A key question in astronomy is how ubiquitous Earth-like rocky planets are. The formation of terrestrial planets in
our Solar System was strongly influenced by the radioactive decay heat of short-lived radionuclides (SLRs), par-
ticularly 2°Al (aluminum-26), likely delivered from nearby supernovae. However, current models struggle to repro-
duce the abundance of SLRs inferred from meteorite analysis without destroying the protosolar disk. We propose
the “immersion” mechanism, where cosmic-ray nucleosynthesis in a supernova shockwave reproduces estimated
SLR abundances at a supernova distance (~1 parsec), preserving the disk. We estimate that solar mass stars in star
clusters typically experience at least one such supernova within 1 parsec, supporting the feasibility of this sce-
nario. This suggests that Solar System-like SLR abundances and terrestrial planet formation are more common
than previously thought.
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Fig. 2. Schematic picture of the system assumed in this study. (A) A supernova explosion occurs at a distance d from the protosolar disk, and (B) the expanding su-
pernova shockwave contacts the protosolar disk. At this time, a huge number of accelerated particles are trapped in the shockwave region. With the contact, (Ca) SLRs
synthesized inside the supernova are directly injected into the disk, and (Cb) particles trapped inside the shockwave irradiate the disk, causing nucleosynthesis within
the disk.
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Table 1. SLR abundances in the early Solar System and model predictions. The evaluated values are expressed as the ratio of the number density of each
SLR to its corresponding SI (NS} / NS'). The nominal values and half-lives of the listed SLRs were obtained from ref. (5). The last column presents the predicted
values from our immersion model.
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Fig. 1. Normalized ratios (calculated/inferred nominal) for 198e, 2641, *°Cl, #'Ca, 3*Mn, and %°Fe supplied by our immersion model, with the gray band indicating
agreement with meteoritic constraints. (A) Our immersion model (red circles; d = 1 pc, tyej, = 0.45 Myr, and 13 M, progenitor for optimal parameters) is directly com-
pared to two other previous cases: only injection cases (orange diamonds; d = 0.3 pc, tdelay = 0.9 Myr, and 40 M, progenitor for optimal parameters) taken from ref. (14)
and the case of supernova injection + flare synthesis taken from ref. (29) (see Materials and Methods for more details). (B) Decomposition of the immersion result into
CR-synthesis (orange dashed squares) and direct supernova injection (purple dashed diamonds) components, illustrating each individual contribution to the total SLR
inventory. N.A., not applicable.
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FAUST XXX:

Dust enhancement in the young binary L1551 IRS 5

N. Cuello', E. Bianchi®*1, E. Ménard!, L. Loinard*, R. Herndndez Garnica*, A. Duran®, C. Ceccarellil,
M.J. Maureira®, C.J. Chandler®, C. Codella®!, N. Sakai’, L. Podio?, G. Sabatini?, L. Chahine!,
M. de Simone?®, D. FedeleZ, D. Johnstone” 1°, T. Hanawa!!, I. Jiménez-Serra!2, and S. Yamamoto'?

ABSTRACT

Young binary stars with discs provide unique laboratories to study the earliest stages of planet formation in star-forming environments.
The detection of substructure in discs around Class I protostars challenges current models of disc evolution, suggesting that planets
may form earlier than previously expected (< 1 Myr). In the context of the ALMA Large Program FAUST, we present observations
of the circumbinary disc (CBD) around the young binary system L1551 IRS 5. The CBD exhibits two prominent over-densities in
the continuum emission at the edge of the cavity, with the Northern over-density being about 20% brighter than the Southern one. By
analysing the disc morphology and kinematics of L1551 IRS 5, we delineate dynamical constraints on the binarys orbital parameters.
Additionally, we present 3D hydrodynamical models of the CBD to predict both the dust and the gas surface densities. Then, we
compare the resulting synthetic observations with ALMA observations of the continuum emission at 1.3 mm and the C'*O line
emission. Our analysis suggests that the density enhancements observed with ALMA in L1551 IRS 5 can be caused by interactions
between the binary stars and the CBD, leading to dust concentration within the disc. We conclude that the observed over-density
corresponds to a location where could potentially grow under favourable conditions.

Key words. protoplanetary discs — circumstellar matter — stars:pre-main sequence — binaries — dynamical interactions.
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TABLE 1 | List of the frequency windows and of the species covered by the selected backends, divided in four groups (see Section 2.2). FrequencY (GHz)
Setup Frequency Zones Molecular Gas Molecular
(GHz) complexity lonization deuteration
1 214.0-219.0 ¢-CaHz, CHaOH, SO CH30H, NH,CHO DCO* N.D*, D.CO . .
220.0-234.0 S0, H,CO, C'*0 CHaCHO, HCOOCH; h tt p . //fa u St— a | ma.ri ke n. | p
2 242.5-247.5 ¢-C4H,, CS CH,0H, NH,CHO H'¥co* HDCO, CH,DOH
257.5-262.5 CHOH, SO CH4CHO, HCOOCH;Z
CH,0CH,
3 85.0-89.0 CH30OH, HC3N CH30OH, "*CH30H NoH* ¢-CzHD
97.0-101.0
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Fig. 1. Left: Continuum emission at 1.33 mm in colour scale (see Sec. 2). Contours indicate the protostellar discs, subtracted from the image during
the cleaning process. First contours and steps are 300 (13 mJy beam™!) and 1000, respectively. The black stars indicate the positions of the N and
S protostars. Middle: Moment 0 map of the C'®0O emission (integrated between -10 km s~! and +20 km s~!) in colour scale superposed to 1.3 mm
dust continuum emission in grey contours (from Bianchi et al. 2020). First contours and steps are 100 (1.8 mJy beam™') and 1000, respectively.
Right: Moment 1 map of the C'®0 emission in colour scale, 1.3 mm dust continuum emission in grey contours. The moment 1 map is generated
using a threshold of 50~ (20 mJy beam™). The source systemic velocity (vsys) 1s 6.4km s~! (Mercimek et al. 2022)
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Fig. 2. Top row: PaanToMm hydrodynamical models of L1551 IRS 5, gas surface density (left) and dust 100 um-sized dust particles surface density
(right). Bottom row: McrosT synthetic observations, C'*O moment 1 map (left) and continuum emission (right). Snapshots after 13 100 years,
which correspond to more than 50 binary orbits. All the images are shown using the same scale (top in au and bottom in arcsec).
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The Flying Saucer edge-on disc’s Near Infrared silhouette
revealed by the JWST JEDIce program

Emmanuel Dartois!, Jennifer A. Noble?, Jennifer B. Bergner?, Klaus M. Pontoppidan®,

Korash Assani’, Daniel Harsono®, Melissa K. McClure’, Julia C. Santos®, Will E.
Thompson?, Lukas Welzel’, Nicole Arulanantham®, Alice S. Booth®, Maria N.

Drozdovskayalo, Zhi-Yun Li°, Jie Ma'!, Laurine Martinien'!, Francois Ménard'!, Karin
Oberg®, Karl Stapelfeldt*, Yao-Lun Yang!?

Abstract

Edge-on discs offer a unique opportunity to probe radial and ver-
tical dust and gas distributions in the protoplanetary phase. This
study aims to investigate the distribution of micron-sized dust
particles in the Flying Saucer in Rho Ophiuchi, leveraging the
JWST Edge on disc Ices program <J EDI Ce) 2 Eﬁ”‘J unique observational conditions of a bright infrared background
that enables the edge-on disc to be seen in both silhouette and

BE scattered light at certain, specific wavelengths. As part of the
p OphIUChI %%edge on M Flymg Saucer JWST Edge-on Disc Ice program (JEDIce’), we use NIRSpec

(B KLT J162813-2431 39) DRk ﬁﬁ%j@ Eﬁ//\J%i% % z 5 IFU observations of the Flying Saucer, serendipitously observed
against a PAH-emitting background, to constrain the dust
distribution and grain sizes through radiative transfer modelling.
Observation of the Flying Saucer in silhouette at 3.29 ym reveals
that the midplane radial extent of small dust grains is ~235 au,
larger than the large-grain disc extent previously determined to
be 190 au from millimetre data. The scattered light observed
in emission probes micron sized icy grains at large vertical
distances above the midplane. The vertical extent of the disc
silhouette is similar at visible, near-IR, and mid-IR wavelengths,
corroborating the conclusion that dust settling is inefficient for
grains as large as tens of microns, vertically and radially.
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Fig. 1: NIRSpec spectroscopic imaging data at 3.29+0.015 um
(i.e. stacking channels at the peak of the PAH band). The disc
is observed both in emission (lobes, red-yellow) and in silhou-
ette (midplane, black) against the ambient field emission arising
from the CH stretching mode of UV-excited astro-PAHs (blue).
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Fig. 2: Benchmark model of the Flying Saucer from near-IR to mm, compared to observations on a 5 x 5” field of view. The
upper row shows the model images, convolved to observed spatial resolutions, and the bottom row displays the observations.
Selected wavelengths across the NIRSpec range are shown along with archival images at 7.639um (MIRI/Imager F770W filter pivot
wavelength), 17.035um (MIRI/MRS) and millimetre (ALMA) wavelengths. The contribution of the H, disc wind at 3.004 and
17.035um was not included in the model. The components dominating the ambient emission field at each wavelength are labelled
astro-PAH and H, on the corresponding images. Images were rotated by 3° to account for the position angle.
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