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ALMASOP: Inner-Envelope Structures of Protostars Driving Nascent Jets
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ABSTRACT

Protostellar jets provide valuable insight into the evolutionary stage and formation history of star-
forming cores in their earliest phases. We investigated the inner envelope structures of three extremely
young protostars, selected for having the shortest dynamical timescales in their outflows and jets.
Our analysis is based on Atacama Large Millimeter/submillimeter Array (ALMA) observations of the
N,D*, DCO™*, DCN, C*¥0, CH30H, and H,CO lines, along with 1.3 mm continuum data, obtained
at two spatial resolutions of ~500 AU and 150 AU. By examining molecular depletion and sublimation
patterns, emission extents at core-scale and outflow rotational temperatures, we assessed the rela-
tive evolutionary stages of the three sources. In G208.68-19.20N1, the absence of NoD™ toward the
core—despite a semi-ring-like distribution—and the presence of bright DCN and DCO™ emission co-
spatial with C'®0 indicate a warmer envelope, possibly suggesting a more advanced evolutionary state.
In contrast, G208.68-19.20N3 shows no dense central structures in C'*Q., DCN, DCO™, or Ny,D™*, with
emission instead appearing scattered around the continuum and along large-scale filaments, consistent
with a likely younger stage than G208.68-19.20N1. The third source, G215.87-17.62M, exhibits com-
pact C®0O emission at the continuum peak, but spatially extended N,D*, DCN, and DCO* along
the continuum, pointing to a cooler envelope and likely the youngest stage among the three. This
comparative analysis across three protostars demonstrates the effectiveness of molecular tracers for
evolutionary staging, though variations in luminosity or accretion may also shape chemical morpholo-
gies. These results highlight the promise of broader surveys for advancing our understanding of early
protostellar evolution.
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G215.87-17.62M (G215M)
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Table 1. Observed Parameters of the Protostars

150 AU &£ 500 AUD T — X % %45

Table 2. Spectral lines used in this work

Parameter G208N1 G208N3 (215M References
Thor (K) 38 + 13 123
Lot (L) 36.7 + 14.5 123
Meny (M) 826+ 1.28 2.08+0.34 0.30+0.07 4
Renvasooau (AU) 4000-5000  1200-2000  1000-2400 This study
M, (107 Mg yr™Y) 2.5 1.3 0.32 :
Vier (kms™!) 102124 6114 60728 4
Foo (107% kms ™ yr 1) 2.54 1.70 115 4
T (37) i ast sl
Tror (K) TH-164 110-193 50-5H4 This study

L purlan et al. (2016)
2Dutta et al. (2020)
3Tobin et al. (2020)
4Dutta et al. (2024)

Molecule Transition v (GHz) Eup (K) logio(Aw) (s71)
C*0 2—1 219.5603541  15.81 —6.22
N2D™ 3—2 231.3199064  22.20 —4.05
DCN 3—2 217.2383000  20.85 —3.34
DCO* 3—2 216.1125705  20.74 —2.62
CH;0H 45,34 218.4400630  45.46 —4.33
CH;0H  102—9; 231.2811100  165.35 —4.74
H2CO 30.3—202  218.2221920  20.96 —3.55
H2CO 320—221  218.4756320  68.09 —3.80
H2CO 321—220  218.7600660  68.11 —3.80
2COo 2—1 230.5380000  16.60 —6.16
Si0 5—4 217.1049800  31.26 —3.28
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Observational evidence for a possible link between PAH emission
and dust trap locations in protoplanetary disks

Nienke van der Marel!, Niels F. W. Ligterink2’3, Ryan van der Werf!, Milou Temmink!, Paola Pinilla*, Bin Jia', and
Quincy Bosschaart!

ABSTRACT

Context. Polycyclic Aromatic Hydrocarbons (PAHs) are commonly detected in protoplanetary disks, but it is unclear what causes the
wide range of intensities across the samples.

Aims. In this work, the measured PAH intensities of a range of disks are compared with ALMA dust continuum images, in order to
test whether there is evidence that PAHs are frozen out on pebbles in dust traps and only sublimate under certain conditions.
Methods. A sample is constructed from 26 T Tauri and Herbig disks located within 300 pc, with constraints on the 3.3 ym PAH
intensity and with high-resolution ALMA continuum data. The midplane temperature is derived using a power-law or with radiative
transfer modeling. The warm dust mass is computed by integrating the flux within the 30 K radius and convert to a dust mass.
Results. A strong correlation with a Pearson coefficient of 0.88+0.07 between the 3.3 um PAH intensity and the warm dust mass was
found. The correlation is driven by the combination of deep upper limits and strong detections corresponding to a range of warm dust
masses. Possible correlations with other disk properties like FUV radiation field or total dust mass are much weaker. Correlations
with PAH features at 6.2, 8.6 and 11.3 ym are potentially weaker, but this could be explained by the smaller sample for which these
data were available.

Conclusions. The correlation is consistent with the hypothesis that PAHs are generally frozen out on pebbles in disks, and are only
revealed in the gas phase if those pebbles have drifted towards warm dust traps inside the 30 K radius and vertically transported
upwards to the disk atmosphere with sufficiently high temperature to sublimate PAHs into the gas phase. This is similar to previous
findings on complex organic molecules in protoplanetary disks and provides further evidence that the chemical composition of the
disk is governed by pebble transport.
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Disk
midplane
928 Y O 15O, T Tauri2E Y o8 VLT
Herbig2£ & | ird . auriZ &’ ] 3 Dust trap
Target d L, SpT M, log M Ly Fpatissum Ipamssumipe  Disk type? | Reff Target ALMA dataset  Frequency Beamsize Total lux  Maustioni20k Mwarmdust>30k RS, ’:, .. Origin“
(pc)  (Lo) (M) (Mo yr™)  (Lo) (100" Wm™) (GHz) (@) (mJy) (Mg) (Mg) (au)  (au)

ABAur 155 46 A0 24 70 3.5 <1.0+0.2 <3.0+0.6 TD 2 ABAur 2012.1.00303.S 338 0.31x0.17 181 45+5 26+3 150 214 0
Elias1/V892Tau 134 1297 AD 2 - 7.8 0.5+0.1 0.87+0.18 TD 1 Elias1/V892Tau 2013.1.00498.8 225 0.23x0.16 284 120£12 73+7 29 54 1
HD100453 104 6.2 A9 1.5 -8.3 0.1 1.3£0.2 1.8£0.3 TD 3 HD100453 2017.1.01424.8 281 0.03x0.02 218 39+4 2342 30 42 2
HD100546 110 23 B9 2.2 -7 2.5 2.5+0.5 3.820.8 TD 2 HD100546 2016.1.00344.8 225 0.04x0.02 397 145+15 87+9 25 72 2
HD135344 136 6.2 F5 1.6 1.4 0.1 <0.5+0.1 <1.2+0.2 TD 2 HD135344B 2016.1.00340.S 155 0.09x0.06 43 677 33+3 52 91 3
HD139614 135 59 A9 1.5 -8.1 0.1 <0.5+0.1 <1.1+0.2 TD 3 HD139614 2022.1.01302.8 226 0.16x0.12 164 90+9 3443 19 70 4
HD142527 157 9.1 F6 23 -1.5 0.1 1.0+0.6 3119 TD 2 HD142527 2012.1.00631.S 322 0.12x0.09 898 659+66 243424 185 238 2
HD169142 114 20 AS 2 -8.7 0.56 1.0+0.2 1.6£0.3 TD 2 HD169142 2016.1.00344.8 225 0.05x0.03 135 53+5 32+3 24 67 2
HD97048 185 35 A0 2.4 -8.2 2.1 1.3+£0.3 5.6x1.3 TD 2 HD97048 2016.1.00826.S 338 0.06x0.03 2061 730+73 167+17 63 26 2
1RS48 134 18 A0 2 -8.4 1.1 0.24+0.02 0.54+0.04 TD 2 IRS48 2013.1.00100.S 343 0.18x0.13 163 29+3 1742 70 98 5
SR21 138 12 G3 2 -7.9 0.04 0.35+0.02 0.84+0.05 TD 2 SR21 2018.1.00689.S 217 0.05x0.05 96 55+6 33+3 56 66 6
SYCha 181 073 MO0O5 08 94 0.0004 | <0.008+0.002 <0.033+0.006 TD 2 SYCha 2018.1.00689.S 217 0.12x0.08 58 57+6 3+0.3 35 298 7
TCha 102 1.3 G8 1.2 -8.4 0.01 <0.25+0.05 <0.33+0.06 TD 2 TCha 2015.1.00979.8 97 0.08x0.04 15 51+5 8+1 34 54 2
GWLup 155 033 MIL5 05 9.0 0.0008 | <0.024+0.005 <0.072+0.015 RD 5 GWLup DSHARP 231 0.04x0.03 83 51+5 3+0.3 0.04 97 9
HD142666 148 8.7 A8 1.6 -7.6 0.2 0.3+0.2 0.83+0.55 RD 3 HD142666 DSHARP 232 0.03x0.02 131 80+8 43+4 021 54 9
HD163296 101 17 Al 2.0 7.4 1 <0.2+0.04 <0.26x0.05 RD 5 HD163296 DSHARP 239 0.05x0.04 634 16617 64+6 029 130 9
IMLup 158 2.6 K5 0.9 -7.9 0.009 <0.19+0.04 <0.60+0.12 RD 5 IMLup DSHARP 231 0.04x0.04 209 134+13 2042 011 242 9
RULup 159 1.5 K7 0.6 -7.1 0.04 <0.57+0.11 <1.8+0.4 RD 5 RULup DSHARP 231 0.03x0.02 195 127413 25+3 009 79 9
V11210ph/AS209 121 14 K5 0.8 =13 0.04 0.12+0.02 0.22+0.04 RD 5 V11210ph/AS209 DSHARP 231 0.04x0.04 233 88+9 8+1 008 127 9
WaOph6 123 29 K6 0.7 -6.6 0.12 0.23+0.02 0.44+0.04 RD 5 WaOph6 DSHARP 231 0.06x0.05 156 61+06 15+2 0.12 91 9
DoAr24E 136 1.6 KO 0.6 -8.5 0.004 <0.041+0.008 <0.095+0.019 CD 4 DoAr24E 2016.1.00336.S 225 0.11x0.09 6 4+0.4 2+0.2 009 6 10
GQLup 150 091 K5 0.6 7.4 0.03 <0.054+0.011 <0.15+0.03 CD 4 GQLup 2015.1.00773.S 240 0.05x0.02 24 14+1.4 5+0.5 0.07 30 8
Harol-17 142 022 M7 0.1 -99 0 <0.0045+0.001 <0.011+0.002 CD 4 Harol-17 2013.1.00157.8 344 0.16x0.14 9 2+0.2 0.1+0.01 003 9 11
HD104237/DXCha | 108 21 Ad 1.8 -6.4 1.5 <0.5+0.1 <0.73+£0.14 CD 3 HD104237/DXCha 2021.1.01137.8 225 0.17x0.10 88 3143 18+2 032 9 12
HD179218 266 112 AD 3 - 6.8 1.7+0.2 15+1.8 CD 6 HD179218 2021.1.00709.S 105 0.24x0.19 5 87+9 55+6 074 21 12
Sz73 155 0.18 K7 0.7 -8.5 0.006 0.094+0.02 0.28+0.06 CD 4 Sz73 2018.1.01458.S 226 0.08x0.06 11 8+1 <8 003 5 12
WXCha 189  0.86 MO 0.5 -6.7 0.1 <0.027+0.006 4 WXCha 2021.1.00854.8 233 0.45x0.22 9 101 <10 006 <19 12

<0.12+0.03  CD
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Fig. 4. The 3.3 ym PAH intensity as function of the warm dust mass,
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pact disks (navy, CDs) and ring disks (purple, RDs). Upper limits are
indicated as empty circles with arrows. The dashed line shows the best
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tween the fits. The fit has a Pearson coefficient of r = 0.88 + 0.07 and
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JWST/NIRCam observations of HD 92945 debris disk: An

. Lazzoni', R. Bendahan-West?, S. Marino?, K. D. Lawson®, A. Carter?, V. Sqmccmnm G. Strampelli
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asymmetric disk with a gap

G. Kennedy5~ﬁ~?, A.D. James?, J. Milli®, and S. Ray’
ABSTRACT

Aims. We present the first observations of the HD 92945 debris disk obtained with the James Webb Space Telescope (JWST),
targeting this nearby KOV star located at 21.54 pc from the Sun. The main objectives are to characterize the disk’s morphology in
the near infrared, compare it with previous data from ALMA and HST, and place new constraints on the presence and properties of
potential planetary companions shaping the disk.

Methods. High-contrast coronagraphic imaging was performed using JWST/NIRCam in the F200W and F444W filters. Advanced
postprocessing techniques were employed, including reference differential imaging (RDI) with custom-built point spread function
(PSF) libraries, and forward modeling of the disk using synthetic PSFs and MCMC optimization. After subtracting the disk contribu-
tion, the residuals were analyzed to identify candidate point sources. From these, we derived contrast curves and constructed detection
probability maps for substellar companions.

Resuits. The disk is clearly detected in both NIRCam filters and reveals a broad, inclined structure with a gap, consistent with
previous scattered-light and ALMA observations. The modeling confirms the presence of a gap at ~80 au and shows a scale height and
scattering properties compatible with a dynamically active disk. A significant brightness asymmetry is observed in the southwestern
inner ring at both 2 and 4.4 um, consistent with previous ALMA results. Observing this feature across different wavelengths and
epochs strongly supports a scenario where one or more unseen planetary companions are perturbing the disk. No comoving sources
are detected, and all candidate objects in the field are consistent with background stars or galaxies. The derived detection limits
exclude planets more massive than ~0.4-0.5 My, beyond 100 au and more massive than ~1 M;,, beyond 20-40 au. This, in turn, rules
out the possibility of a single planet placed beyond ~ 20 au as responsible for the astrometric signal observed by Gaia. These results,
combined with the observed disk features, support a scenario in which a single or multiple sub-Jupiter planets dynamically shape
the system through mechanisms such as secular apsidal resonances, providing a coherent explanation for the gap, the asymmetric
brightness distribution and the astrometric signal.
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p(r,z) = E(r)e_nj(ﬁ)z/( @hr}, (1)

with /& being the disk’s scale height and X(r) the radial distribu-
tion, defined as in Marino (2021):

5, = fg%(i)?@ + tanh — J)(1+ (=)@

Fin iﬁul

Here, ri, and rqy represent the inner and outer radii, y the inner
surface density slope, [, and [y, control the steepness of the in-
ner and outer edges, and . is normalized to 1 at the reference
radius. Finally, f, models the gap as a Gaussian function
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Fig. 1: NIRCam reductions for HD 92945 for the F444W (left panel) and the F200W (right panel) filters. Both images where
obtained performing RDI with HD 92921 as reference. The images are rotated to northeast, with the scale bar in the bottom left

corner representing a projected distance of 50 au.
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resents the 1 arcsec region excluded from the modeling.
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Fig. 9: Detection probability maps for F444W (left) and F200W (right) filters. JWST results are shown in shades of blue with the
white, gray, and black contours representing the 90, 50, and 10 per cent detection probabilities, respectively. The orange dashed
vertical lines sign the mean inner and outer edges of the disk, along with the extension of the gap and, shaded in orange, the regions
not allowed for planets. The hatched gray area represents planetary parameters excluded by archival SPHERE observations. The
gray dotted region illustrates the planet parameter space excluded by Gaia RUWE. The blue curve was obtained modeling the Gaia
DR3 proper motion anomaly as generated by a single planet orbiting HD 92945.

Separation(")

—— Contrasts with disk Single Ref
—— Contrasts without disk Single Ref
Contrasts with disk PSF Lib
---- Contrasts without disk PSF Lib

Pancake Simulations

Separation(")

Pladedh, B
~1%80 auiﬂl,md) Fv v T7h

L~

Mass (Myyp)

Mass (Mjup)

O) ll_;\

10

10°

—— Masses with disk Single Ref

—— Masses without disk Single Ref
- Masses with disk PSF Lib

---- Masses without disk PSF Lib

20

d0 60 8 100 120 140 160
Separation (AU)

10!

Masses with disk Single Ref
—— Masses without disk Single Ref
- Masses with disk PSF Lib
---- Masses without disk PSF Lib

F UL 7o RIRE T (2B L

20 40 60 80 100
Separation (AU)

2i12&Y



	スライド 1: 星形成ゼミ GAEP1107-11 担当：小道 雄斗（東大相川研D2）
	スライド 2
	スライド 3: イントロ
	スライド 4: 観測
	スライド 5: 結果
	スライド 6: 結果
	スライド 7: 議論
	スライド 8: 議論
	スライド 9
	スライド 10: イントロ・観測
	スライド 11: 結果
	スライド 12: 結果
	スライド 13
	スライド 14: イントロ
	スライド 15: 観測・モデル
	スライド 16: 結果
	スライド 17: 結果
	スライド 18: 議論

