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A closer look at L1688 - ALMA images of largest and brightest disks reveal structure

i & Bl Rich structure in outer disks (gaps, rings,
‘ ——— P 8l spiral waves, warps)

related to planet formation, snowlines (CO,
H,0), multiplicity, tilted inner disk, etc
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ALMA, VLA surveys of mostly Class Il disks

Small disks are more common than large disks.
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Stages of Protostar Evolution — let’s focus now on earlier Class 0 & | phases (10%-10° yr)

Collapse phase is gas rich — rotating envelope gas falls inward,

Clasggioin AR achieving free-fall and conserving angular momentum

accretion phase
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ceo orss s oz Average disk size is small 45, 37, 28 au for Class 0,1,flat.
Average disk mass is 26, 15, 12 Mearth for Class 0,l,flat.
Abundant evidence for larger than ISM grains even for

class 0. Detected grain sizes comparable to ~9mm (VLA)
Non-multiple Protostars
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Simulation: new STAK disk adds shocks and gas motion to comprehensive protostar model
Package: RadChemT -Radiation and Chemistry in Time (Flores-Rivera+2021)

DATA: L1527 class 0/1 protostar
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STAK adds shock at the disk boundary

Region 1 — envelope gas in free-fall parabolic orbit
rhock disk boundary set using ram pressure boundary condition

2 L 2 2
’OdiSkCSdisk o penV (Csenv + V—Lenv)

Region 2 —at r,,.. location, gas conserves angular

momentum but loses energy, and transitions to
60 elliptical orbit inside the disk. Grey arrows show
velocity vectors

I'shock

Region 3 —inside the disk, gas follows elliptical orbit to
disk midplane, where it undergoes a ,and
settles into a circular orbit at

Terebey+2025




STAK elliptical orbits wit
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circular i=30° circular i=60° circular

Diagnostics: Can see the inner twist of
STAK disk elliptical orbits compared
with circular Keplerian

Depends on source inclination.
elliptical i=30" elliptical i=60" elliptical '=85" i Asymmetric gas motion with respect to underlying
T disk (offset from dust disk major axis)

Jy/beam km s
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C180(2-1) synthetic images for ALMA
Continuum (dust) subtracted
Protostar at image center

75 au radius disk
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elliptical i=30° elliptical elliptical
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Depends on source inclination.
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Summary
. Shock Twist Angle Keplerian (STAK) disk is a thedretical |

framework to include shocks at d|sk/envelope mterface in oute
disk - |

 ram pressure boundary condition gives shock location'

v“

* Gas moves on elliptical orbits past the shock, tthu h.the diska

STAK disks show distinctive S|gnature Simila# tgcwcular et

moment maps show an asymmetric inner tw:st that deV|
axis of the dust contlnuum ~

-

Observers — Look for these motlonsI Be sure to !Qsolve

. .

This research was supported in part by RISE (NIH Grant: 2R25GM061331118); AS'I_"RO-LA (NASA Grant

.

L1688: Image credit: NASA/JPL-Caltech/Harvard-Smithsonian CfA




Simulating L1527 parameters:

Radius from 10.04 R. to R, = 12,500 AU

Densities of disk, envelope, and outflow

Disk edge defined using new ram pressure boundary

2
Penv (Cs. .

*Add shock motion at the disk edge (STAK)

2

pdiSkCSdisk —

2
Vi)

Equation and Table: Flores-Rivera et al. (2021)

Table 1
Physical Parameters

Parameters Description TSC UCM
Ry (R.) Stellar radius 1.70
T. (K) Stellar temperature 3300
M, (M.) Stellar mass 0.22 :
My (M) Mass of the disk 0.011 0.006
Ryigx (au) Disk outer radius 75 :
Mgige (M, yr=h) Disk accretion rate 6.6 x 1077
My (M, yr~h) Envelope infall rate 30x10° 50x%x10°
0, (deg) Opening angle of the inner 15 :

cavity surface
z (au) z-intercept, inner cavity sur- 75

face at w =0
0, (deg) Opening angle of the outer 6

cavity surface
Lisgy (L) Luminosity due to ISRF 0.49

Quantities shown below are derived from input parameters above

M., (M)
¢ (kms™ l)

Rq) (au)

Ly (L)
L:lCl‘.\l;]l (L o )

Lace.dgisk (L)
Lim (L O )

Mass of the envelope
Thermal sound speed
using Meny = 0.975¢ /G
Inside-out collapse radius
using R = Cylage
Stellar luminosity
Stellar hot-spot accretion
luminosity
Disk accretion luminosity
Internal luminosity

L.77 1.04
0.23 0.27

3800 n/a

0.31
2.14

0.29
274

Note. The symbol :

means the UCM values are the same as the TSC values.



