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Spectroscopy of Free-Floating Planetary-Mass Objects and their disks with JWST

BELINDA Damian &' ALgEks Scaorz &' Ray JavawarpHANA &) 2 V. ALMENDROS-ABAD & * Laura Fracc @2
Korarika Muzic & 4 ANToNELLA NATTA,> Paora PiniLna 225 anD LEONARDO TESTI
Accepted for ApJ

Free-floating planetary-mass objects (FFPMOs) are known to harbor disks at young ages. Here, we
present 1-13 pm spectra for eight young FFPMOs with masses of 5-10 Mj,p, (at ages of 1-5 Myr), using
the NIRSpec and MIRI instruments on the James Webb Space Telescope. We derive fundamental
properties of these targets, and find spectral types of M9.5 to L4, with effective temperatures of
1600-1900 K. The photospheric spectra of our targets show a clear diversity at similar temperatures,
especially in the 3-5pum range, unaccounted for by existing atmospheric models. We find a silicate
absorption feature in the photosphere of one of our targets, the first such detection in very young
FFPMOs, indicating silicate clouds in their cool atmospheres. Six of our objects show mid-infrared
excess emission above the photosphere, as well as silicate emission features, demonstrating the presence
of disks. The shape and strength of the latter features constitute strong evidence of grain growth and
crystallization, similar to what is seen in more massive brown dwarfs and stars. We also detect emission
lines from hydrocarbon molecules in the disks of several targets. These are the lowest mass isolated
objects found so far with silicate and hydrocarbon emission features arising in their disks. The presence

of disks and their characteristics point to the potential for the formation of rocky companions around
free-floating planetary-mass objects.



RS
- JWST/NIRSpecEMIRNZ LV . 1-13umD s T, B=5-10M _J, F&wpl-5Myrd
8D Mfree-floating planetary mass objects % &8 L 7=,
- SEOERICEY ., AT MILEAT(MIL ~ L4) & BxHEE(1600-1900K) %
KHBHZ ENTET,
;ﬁ%@ﬁgﬁ%\% 23-bUuMBTEB D ANRT MLZRTIHENH 5T ENHLAI(C
KD /o
I RET, YUVTA PEOEFENTET DU T A4 FORINAIEEKICE DA - 7,
. 6 95%’6‘ HEIRARBIEE D T4 FOBEHA RO, FHEODFELN TR S 7=,
T4 FPOBREIC, RRX MERREGERICODFENAR DN 272,
 FRIEOE KL KZD FOERMDE DO o7,
- TN L DOFFHIZ. FFPMOsO £ V) ICEaARENTEA I NS AlaeEZ ~& T 5,




+ BRRIRAR

- WfE(<200pc) DE WL (1-3Myr) EFRFEEL D X > /N —
- BWEBMAERE L E, 5-10M_JD

- Spitzer/IRAC THRNEEBIB % <9

B
BE

Rg ANRY LAY

Table 1
Object RA Dec SpT spT Teg Ay Ay Distance M Radius
Lit This work Lit This work
(deg) (deg) (K) (mag)  (mag) (pc)  (mag) (Riup)
UGC0417+2832¢ 64.4916 +28.5426 MO9-L7 (L3) L4 1600 3.67 4.3 12645 12.91 1.8
UGC0422+2655 65.5057 +26.9201 L1 L2 1700  2.07 2.4 16343 11.39 2.9
UGC0433+22517 68.4753 +22.8553 LO0.5 L2 1600  1.56 1.3 15749 11.63 2.9
UGC0439+2642 69.7823 +426.7100 M9.5-1L4 (L1) M9.5 1800  2.07 5.6 13946 11.00 2.5
CHA1107-7626" 166.7820 -76.4424  M9-L1 (LO0) M9.5 1800  0.00 1.4 195+4 10.79 2.8
CHA1110-7633° 167.6743 -76.5518  MO9-L3 (LO0) M9.5 1800  7.52 7.0 19342 10.12 3.8
CHA1110-7721°¢ 167.7085 -77.3649  MO9-L2 (LO0) L2 1700  5.37 4.6 190+6 11.09 3.1
UHWJ247.95-24.78%  247.0543 -24.7806 L1 L1 1900  0.00 2.6 14545 11.15 2.2
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Radius valley scaling among low mass stars with TESS

Harshitha M. Parashivamurthy'* and Gijs D. Mulders? Resubmitted to A&A

The Transiting Exoplanet Survey Satellite (TESS) has been highly successful in detecting planets in close orbits around low-mass
stars, particularly M dwarfs. This presents a valuable opportunity to conduct detailed population studies to understand how these
planets depend on the properties of their host stars. The previously observed radius valley in Sun-like stars has not been unambiguously
detected among M dwarfs, and how its properties varies when compared with more massive stars remains uncertain. We use a volume-
limited sample of low mass stars with precise photometric stellar parameters from the bioverse catalog of TESS Objects of Interest
(TOIs) confirmed planets and candidates within 120 pc. We detect the radius valley around M dwarfs at a location of 1.64 £ 0.03 R
and with a depth of approximately 45%. The radius valley among GKM stars scales with stellar mass as R, oc M?-"***_ The slope is
consistent, within 0.3¢-, with those around Sun-like stars. For M dwarfs, the discrepancy is 3.60 with the extrapolated slope from the
Kepler FGK sample, marking the point where the deviation from previous results begins. Moreover, we do not see a clear shift in the
radius valley between early and mid M dwarfs. The flatter scaling of the radius valley for lower-mass stars suggests that mechanisms
other than atmospheric mass loss through photoevaporation may shape the radius distribution of planets around M dwarfs. Comparison
of the slope with various planet formation and evolution models matches well with pebble accretion models including waterworlds,
indicating a potentially different regime of planet formation that can be probed with exoplanets around the lowest mass stars.
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Early to mid M dwarfs (Median stellar mass: 0.5(M3))
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Was Earth’s water acquired locally during the earliest phases of the Solar System formation?

LisE BorTarRD-CREPEAU,! CEcILIA CECCARELLL,' PIERRE BECK,! LiONEL VACHER,! AND PiErRO UGLIENGO?
published to ApJL

The origin of the terrestrial water remains debated, as standard Solar System formation models
suggest that Earth formed from dry grains, inside the snowline of the Proto-Solar Nebula (PSN). Here,
we revisit this 1ssue through the lens of computational chemistry. While the classically used snowline
relies on a single condensation temperature, recent work in quantum chemistry shows that the binding
energy of water on 1cy grains has a gaussian distribution, which implies a gradual sublimation of water
rather than a sharp transition. We use the computed distribution of binding energies to estimate the
radial distribution of adsorbed 1ce on the dust grains across the PSN protoplanetary disk. Our model
reproduces the full range of estimated water abundances on Earth and matches the hydration trends
observed 1n chondrite groups at their predicted formation distances. Thus, we suggest that a significant
fraction of Earth’s water may have been acquired locally at early stages of the Solar System formation,
without requiring delivery from bevond the classical snowline.
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From a Different Star: 3I/ATLAS in the context of the Otautahi-Oxford interstellar object
population model

MATTHEW J. HoPKINS,!:? RosEMARY C. Dorsey.®>? Joun C. Forees,? MICHELE T. BANNISTER,? CHRrIS J. LINTOTT,! AND
BRAYDEN LEICESTER®

submitted to ApJL

ABSTRACT

The discovery of the third interstellar object (ISO), 3I/ATLAS (*3I'), provides a rare chance to
directly observe a small body from another Solar System. Studying its chemistry and dynamics will
add to our understanding of how the processes of planetesimal formation and evolution happen across
the Milky Way's disk, and how such objects respond to the Milky Way's potential. In this Letter, we
present a first assessment of 31 in the context of the Otautahi-Oxford model, which uses data from
Gaie in conjunction with models of protoplanetary disk chemistry and Galactic dynamics to predict
the properties of the ISO population. The model shows that both the velocity and radiant of 31 are
within the expected range. Its velocity suggests an origin within the Milky Way's thick disk, making
it the first ISO from this population, and predicts a high water mass fraction, which may become
observable shortly. We also conclude that it 1s very unlikely that 31 shares an origin with either of the
previous two interstellar object detections.
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