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18: 2506.10969: The Gap-Giant Association: Are Planets Hiding in the Gaps?
Authors: Caleb Lammers, Joshua N. Winn, submitted to ApJ

A handful of stars are known to host both an inner system of multiple tra.nsiting_pla.nets and an outer

ojant planet. These systems all featurel a prominent gap between the orbits of two of the transiting
distinguishing them from typical multiplanet systems with more uniform orbital spacings.
The reason for the association between inner gaps and outer giants is unknown. In this paper, we
assess whether undiscovered planets might occupy these gaps in systems with outer giants. For each
of the four relevant systems — Kepler-48, Kepler-65, Kepler-90, and Kepler-139 — we found that a ~2—
20 Mg planet could reside in the gap without inducing dynamical instability. However, in each case, the
gravitational influence of the outer giant planet is insufficient to tilt the orbit of the hypothetical planet
by enough to prevent transits, ruling out a proposed theory for the observed gap-giant association.
The gaps might instead contain smaller, undetectable planets (<0.5—-1Rg), or be entirely devoid of
planets.
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Z2 Gap complexity, C

Gilbert & Fabrycky 2020

N
H= - plogp:;, “Shannon information,” or “Shannon entropy,
1=1

p; are occupancy probabilities for the N possible

states of the system

2

N 1 &
D= E(Pi - N) - A complementary statistic to entropy is the

disequilibrium

disequilipyiy,,
enUOpy
convex
2 complex
measures

perfect crystal .
Figure 1. An illustration of the intuitive notion of complexity. Both complete
order (left panel) and total randomness (right panel) have low complexity,
while the intermediate state (middle panel) displays patterns that we might
intuitively call complex.

LMC complexity Lopez-Ruiz et al. (1995),

C=H-D= —K(fjp,. 1ogp,.J : (i(p,. — %)7]

i=1 i=1

SDL complexity Shiner et al. (1999)

I'=n%1 — 77)'3,
n = H /Hpyax,

Gap complexity, C

it} o

i=1 i=1

* _ log(P’/P) (14)

pl log(Pmax /Pmin) :
where K is a normalization constant, n = N — 1 is the number
of gaps between planets, and pl.* are pseudo-probabilities
computed from the planets’ orbital periods using Equation (14).
Here, P’ is the orbital period of the outer planet in an adjacent
pair, P is that of the the inner planet, P, ,, is the maximum
period of any planet in the system, and P,,;, is the minimum
period. In this way p* are automatically normalized so

that 3 p* = L.




Dynamical Stability
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34:2506.10719: The ALMA Survey of Gas Evolution of PROtoplanetary Disks (AGE-PRO):Il. Program Overview
and Summary of First Results
by Ke Zhang + ApdJ in press

We present the ALMA Survey of Gas Evolution of PROtoplanetary Disks (AGE-PRO), a Large
Program of the Atacama Large Millimeter /submillimeter Array (ALMA). AGE-PRO aims to system-
atically trace the evolution of gas disk mass and size throughout the lifetime of protoplanetary disks.
It uses a carefully selected sample of 30 disks around M3-K6 stars in three nearby star-forming regions:
Ophiuchus (0.5-1 Myr), Lupus (1-3 Myr), and Upper Sco (2-6 Myr). Assuming the three regions had
similar initial conditions and evolutionary paths, we find the median gas disk mass appears to decrease
with age. Ophiuchus disks have the highest median gas mass (6 M, ), while the Lupus and Upper Sco
disks have significantly lower median masses (0.68 and 0.44 Mj,;, respectively). Notably, the gas and
dust disk masses appear to evolve on different timescales. This is evidenced by the median gas-to-dust
mass ratio, which decreases from 122 in the youngest disks (<1 Myr) to 46 in Lupus disks, and then
increases to 120 in the Upper Sco disks. The median gas disk sizes range between 74-110au, sug-
gesting that typical gas disks are much smaller than those of well-studied, massive disks. Population
synthesis models suggest that magneto-hydrodynamic wind-driven accretion can reproduce median
disk properties across all three regions, when assuming compact disks with a declining magnetic field
over time. In contrast, turbulent-driven models overestimate gas masses of >1 Myr disks by an order
of magnitude. Here we discuss the program’s motivation, survey design, sample selection, observation
and data calibration processes, and highlight the initial results.
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129: 2506.07938: New Insights into the T Tauri Binary Separation Distribution
Authors: Caleb Eastlund, Maxwell Moe, Kaitlin M. Kratter, Marina Kounkel

submitted to ApJ

For three decades, adaptive optic surveys have revealed an excess of T Tauri binaries across
a = 10-100 au in nearby star-forming regions compared to the field population of main-sequence
(MS) stars. Such an excess requires that|most stars are born in dense clusters and subjected to

significant dynamical processing that disrupts such binaries across intermediate sepa.rationsl However,

we demonstrate that the apparent excess is due to an observational selection bias. Close binaries
within @ < 100 au clear out their dusty circumstellar disks on faster timescales compared to wide
binaries and single stars. A magnitude-limited sample is therefore biased toward close binaries that
have preferentially cleared out their obscuring disks. We re-examine the separation distribution of
pre-MS binaries in low-density Taurus, moderately dense Upper Scorpius, and the extremely dense
Orion Nebula Cluster (ONC). By limiting the samples to primary spectral type / mass instead of
magnitude, the artificial excess across a = 10-100 au disappears in all three environments. Across
wider separations a = 100-4,000 au, Taurus exhibits an excess of companions (mostly tertiaries),
the ONC displays a deficit, and Upper Scorpius matches the field MS population. The field derives
from an amalgam of all three environments, where Upper Scorpius corresponds to the average birth
environment of solar-type stars. The total binary fraction within a < 10,000 au in Taurus is only
52% + 7%, substantially lower than the 100% inferred from the biased observations and only slightly
higher than the field MS value of 45%. N-body interactions preferentially disrupt outer tertiaries with
only marginal dynamical processing of the inner binaries, especially those within a < 100 au.
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150: 2506.06865: FAUST XXVI. The dust opacity spectral indices of protostellar envelopes bridge the gap
between interstellar medium and disks, Authors: Luca Cacciapuoti, et al. A&Ap in press

Context. The (sub-)millimetre dust opacity spectral index () is a critical observable to constrain dust properties, such as the maximum grain size of
an observed dust population. It has been widely measured at galactic scales and down to protoplanetary disks. However, because of observational
and analytical challenges, quite a gap exists in following the evolution of dust in the interstellar medium (ISM): measures of dust properties across

_the envelopes that feed newborn protostars and their disks are scarce.

Aims. To fill this gap, we use sensitive dust continuum emission data at 1.2 and 3.1 mm from the ALMA FAUST Large Program and constrain the
dust opacity submillimetre spectral index around a sample of protostars.

Methods. Our high-resolution data, along with a more refined methodology with respect to past efforts, allow us to disentangle disk and envelope
contributions in the uv-plane, and thus measure spectral indices for the envelopes uncontaminated by the optically thick emission of the inner disk
regions.

"Results. Among FAUST sources (n = 13), we observe a variety of morphologies in continuum emission: compact young disks, extended collapsing
envelopes, and dusty outflow cavity walls. First, we find that the young disks in our sample are small (down to <9 au) and optically thick. Secondly,
we measure the dust opacity spectral index £ at envelope scales for n = 11 sources: among these, the g of n = 9 sources had never been constrained
in the literature. We effectively double the number of sources for which the dust opacity spectral index S has been measured at these scales. Third,
combining the available literature measurements with our own (adding up to a total n = 18), we show how envelope spectral indices distribute

“between ISM-like and disk-like values, bridging the gap in the inferred dust evolution. Finally, we statistically confirm a significant correlation
between 5 and the mass of protostellar envelopes, previously suggested in the literature.

Conclusions. Our findings indicate that the dust optical properties smoothly vary from the ISM (> 0.1 parsec), through envelopes (~ 500-2000 au)
and all the way down to protoplanetary disks (< 200 au)l Multi-wavelength surveys including longer wavelengths and in controlled star-forming
regions are needed to further this study and make more general claims on dust evolution in its pathway from cloud to disks.
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Correlation b/w the dust opacity spectral index and protostellar envelope mass
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interpreted as a potential link between the derived 3 and the mass loss rates of outflows by Cacciapuoti+(2024b).
the envelope mass correlates with the CO flux measured in outflows (Bontemps+ 1996)
the entraining of large grains from the disk towards the inner envelope



