


 The mass budget problem
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Mass Bugets of Exoplanets and Disks
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Exoplanet masses measure equal or higher
than disk masses!




ASSUMPTIONS

How do we measure dust/dlsk masses

flux- to- ‘mass H|Idebrond (1983) converSIon

optically thin emmission most of the solid mass in mm-
DEF / sized grOiﬂS
y

unknown chemical Ky By (1 qust) .
abundances or grain structure \ constant (average) opacity
& temperature

constant dust-to-gas ratio assumed to be 1% or 1.5%

gas masses @re. usually even harder to obtain
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Cumulative Distribution

Solutions

Observational bias correction

Cumulative Distribution

ALMA Class Il Disk Mass Distribution
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Same sample as .‘t,h*'_e‘ one Bert diScussed

: / Peter Values
‘ My (M) 0.01, 0.04, 0.07, 0.1 initial disc mass
Ry [Rs] 50, 100, 150, 200 initial disc radius
! @ 0.0001, 0.0005, 0.001 a-viscosity parameter

1o [Myr] 0.1,05,09,13 starting time of embryo
L apo [AU] 1-50 every 1 initial position of embryo
g [mYs] 1,4,7,10 fragmentation velocity
foc 0.01, 0.015, 0.03 dust-to-gas ratio

- Parameter study of (glonT) plone’r formo’rlon in relation to the initial conditions

« We can G|SO follow up .on the dust evolu’non



How does 't'h'e dUSt mass evolve?
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Optically thin dust assumption leads to underestimated masses if a giant has

formed in the disk!
(similarly for other dust traps)
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Initial disk condltlons dlctate probablllty of glant planet
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“Hidden” mass scales with initial disk mass

Savvidou 2026
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“Hidden mass” scales with embryo injection time
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What about (late stage) planetesimals?

Under fruitful conditions a significant amount
of dust mass can get converted to
planetesimals

(e.g. Johansen et al., 2014; Eriksson et al., 2020; Carrera et al. 2021;
Voelkel et al., 2022; Andama et al., 2024, Johansen & Lyra 2026)

1.0 : : .
Gap op?ened by Particle Trap Plonefgsimql
a massive formation site
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1.0 1.5 2.0 2.5 3.0
r ( rpza,,ct) Pinilla 2025

Conversion to larger bodies
could naturally lead to very low
evolved disk masses

Savvidou 2026
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Conclusuon-

The dlsk mass budget problem is hlghllghtmg our
shortcoming in reconciling our theoretical understanding
with the observational data more than it is an issue with the
standard framework of planet formation.

Thank you!

Sofia Savvidou POPSF, Heidelberg, June 2026 -



Conclusuon*

The dlsk mass budget problem is hlghllghtmg our
shortcoming in reconciling our theoretical understanding
with the observational data more than it is an issue with the
standard framework of planet formation.

Not all disks can be/need to be initially heavy fo successfully form planets

+ noft all disks have to form giant planets and/or multiple planets and

+ even intermediate disk masses can form giant planets efficiently
Observed disks are a mixfture of initial conditions, evolutionary stages and processes they
have gone through but on a population level we should expect that some dust mass is still

unaccounted for

Low disk masses of evolved systems can be an natural outcome: drift, accretion,
planetesimal and planet formation, winds/PE

« Planet formation is not necessarily threatened (it's a matter of timescales and
efficiency)

There is more, wait for it...!
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lnner dlslc composltlon'

Water in the Terrestrlal PIanet-Formmg Zone of the PDS 70 Disk

Perotti, Christiaens, Henning & MINDS Collaboration (2023, Nature)

ALMA view on PDS 70
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Is the inner dlsk composutlon determined by
substructures or disk properties?

Hypothesis:
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Is it substructures or disk size?

chemcomp: 1+1D code Schneider & Bitsch 2021a
“© o)
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icy pebbles
.o -
enrichment conden;ation
of water vapour | . of water vapour -C
The gap depth,  the gap timing!, Varying the gap location
= 3 AU
0<fgp<=1 tgap=0—0.5 Myr
disk viscosity
a =104 3x10% 103
r,.,.= 10 AU

gap
+ disk size! + multiple stellar masses

Ryig= 20-150 AU My,=0.1,0.4,0.7,1, 1.3 M

Mdisk: 0.5 M*



Is it substructures or disk size?

We will focus on

what happens
here 3 AU

1

C |
iceline
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iceline




Water abundance fraction over time
for different regimes & radii

Mgiar = 0.7 Mg

a =3x10"*
tgap =
Fgap = 3 AU
deep gap
= traffic jam
— NO gap

- small disk | 20 AU
== large disk [150 AU

Savvidou et al. in prep




Water abundance fraction over time
for different regimes & radii

No gap Mgar = 0.7 Mg
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Water abundance fraction over time
for different regimes & radii

No gap Deep gap

10

150

Savvidou et al. in prep
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Water abundance fraction over time
for different regimes & radii Mo =
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~ Conclusion: 7
Substructures dominate the regulation of the
inner disk composition

« Substructures “win"” over the disk size (especially if they form early and are

long-lasting)

* Is the inner and ouiglE disksE@eFHTe cCtede Convince me they are notl

(It's a discussion of timescales and filtration)

« More theoretical work is needed to robustly explain observations (see also
Mah, Savvidou & Bitsch 2024, Kaalyan et al. 2023 and Mah et al. 2023)

Sofia Savvidou : £ A

(g . Thank !
PoPSF, Heidererg,Juhe2026 t‘u-'; . , an ycu' §




 Conelusion:

- We need more careful steps in our effort to link
models to observations

-~ Thank you!

Sofia Savvidou PoPSF, Heidelberg, June 2026 -
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