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HST survey of the Orion Nebula Cluster in the H2 O 1.4 um absorption band:

l. A census of substellar and planetary mass objects

Massimo Robberto, Mario Gennaro, Maria Giulia Ubeira Gabellini, Lynne A. Hillenbrand, Camilla Pacifici, Leonardo

Ubeda, Morten Andersen, Travis Barman, Andrea Bellini, Nicola Da Rio, Selma E. de Mink, Giuseppe Lodato, Carlo

Felice Manara, Imants Platais, Laurent Pueyo, Giovanni M. Strampelli, Jonathan C. Tan, Leonardo Testi

In order to obtain a complete census of the stellar and sub-stellar population, down to a few M, in the ~ 1 Myr old Orion Nebula
Cluster, we used the infrared channel of the Wide Field Camera 3 of the Hubble Space Telescope with the F139M and F130N
filters. These bandpasses correspond to the 1.4um Hy O absorption feature and an adjacent line-free continuum region. Out of

4, 504 detected sources, 3, 352 (about 75%) appear fainter than my3p = 14 (Vega mag) in the F130N filter, a brightness
corresponding to the hydrogen-burning limit mass (M~ 0.072M) at ~ 1 Myr. Of these, however, only 742 sources have a
negative F130M-139N color index, indicative of the presence of Hy O vapor in absorption, and can therefore be classified as bona-
fide M and L dwarfs, with effective temperatures T 2850 K at an assumed 1 Myr cluster age. On our color-magnitude diagram,
this population of sources with Hy O absorption appears clearly distinct from the larger background population of highly reddened
stars and galaxies with positive F130M-F139N color index, and can be traced down to the sensitivity limit of our survey, m

130 =~ 21.5, corresponding to a 1 Myr old >~ 3My;, planetary mass object under about 2 magnitudes of visual extinction.
Theoretical models of the BT-Settl family predicting substellar isochrones of 1, 2 and 3 Myr (down to ~ 1My, ) fail to reproduce
the observed H9 O color index at IVISJ 20M 7y . We perform a Bayesian analysis to determine extinction, mass and effective
temperature of each sub-stellar member of our sample, together with its membership probability.

https://arxiv.org/abs/2004.13915
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HST survey of the Orion Nebula Cluster in the H, O 1.4 um absorption band:
ll. The substellar IMF down to planetary masses

Mario Gennaro, Massimo Robberto

We exploit the ability of the Hubble Space Telescope to probe near infrared water absorption present in the atmosphere of low-
mass stars, brown dwarfs and planetary mass objects to create a very pure sample of Orion Nebula Cluster (ONC) members, not
affected by contamination from background stars and galaxies which lack water absorption. Thanks to these data we infer the Initial
Mass Function (IMF) of the ONC in the 0.005 — 1.4M, regime, i.e. down to few Jupiter masses. The young age of the ONC, ~ 1
Myr, provides a snapshot of the outcome of star formation for the present-day conditions (metallicity, temperature, pressure) of
typical Milky Way disk molecular clouds. We demonstrate that the IMF of the ONC is well described by either a log-normal function
or a broken power-law, with parameter values qualitatively in agreement with the canonical Chabrier or Kroupa forms for the Milky
Way disk IMF. This continuity in the mass distribution provides clues to the fact that the same physical processes may be regulating
formation of stars, brown dwarfs, and planetary mass objects. Both the canonical IMF forms under-predict the observed number of
very low mass members (below 0.1 M), a regime where our data allows more precise constraints. Nevertheless, we do not
observe a rise or secondary peak in the brown dwarfs or planetary mass regimes. Our study thus contradicts findings based on
broad-band near infrared ground-based photometry, which predict an extremely high number of free-floating planets, but likely

suffer from unaccounted background contamination.

https://arxiv.org/abs/2004.13920
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HST survey of the Orion Nebula Cluster in the Ho O 1.4 um absorption band:

lll. The population of sub-stellar binary companions

Giovanni M. Strampelli, Jonathan Aguilar, Laurent Pueyo, Antonio Aparicio, Mario Gennaro, Leonardo Ubeda, Massimo

Robberto

IDO
We present new results concerning the sub-stellar binary population in the Orion Nebula Cluster (ONC). Using the Karhunen-Loéve
Image Projection (KLIP) algorithm, we have reprocessed images taken with the IR channel of the Wide Field Camera 3 mounted on
the Hubble Space Telescope to unveil faint close companions in the wings of the stellar PSFs. Starting with a sample of 1392 bona-

fide not saturated cluster members, we detect 39 close-pairs cluster candidates with separation 0.16"”

— 0.77". The primary

masses span a range M,, ~ 0.015 — 1.27 Mg, whereas for the companions we derive M. ~ 0.004 — 0.54 M. Of these 39
binary systems, 18 were already known while the remaining 21 are new detections. Correcting for completeness and combining
our catalog with previously detected ONC binaries, we obtain an overall binary fraction of 11.5% =+ 0.9%. Compared to other star
forming regions, our multiplicity function is ~ 2 smaller than e.g. Taurus, while compared to the binaries in the field we obtain
comparable values. We analyze the mass function of the binaries, finding differences between the mass distribution of binaries and

single stars and between primary and companion mass distributions. The mass ratio shows a bottom-heavy distribution with median
value of M, / Mp ~ (.25. Overall our results suggest that ONC binaries may represent a template for the typical population of field

binaries, supporting the hypothesis that the ONC may be regarded as a most typical star forming region in the Milky Way.

https.//arxiv.org/abs/2004.13924
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240 GHz (1.25
mm) continuum
emission images
for the disks in
the DSHARP
sample DSHARP
(Andrews et al.
2018)

The efficiency of dust trapping in ringed proto-planetary discs

Giovanni P. Rosotti, Richard Teague, Cornelis Dullemond, Richard A. Booth, Cathie Clarke

When imaged at high-resolution, many proto-planetary discs show gaps and rings in their dust sub-mm continuum emission profile.
These structures are widely considered to originate from local maxima in the gas pressure profile. The properties of the underlying
gas structures are however unknown. In this paper we present a method to measure the dust-gas coupling a/St and the width of
the gas pressure bumps affecting the dust distribution, applying high-precision techniques to extract the gas rotation curve from
emission lines data-cubes. As a proof-of-concept, we then apply the method to two discs with prominent sub-structure, HD163296
and AS 209. We find that in all cases the gas structures are larger than in the dust, confirming that the rings are pressure traps.
Although the grains are sufficiently decoupled from the gas to be radially concentrated, we find that the degree of coupling of the
dust is relatively good (a/.St ~ 0.1). We can therefore reject scenarios in which the disc turbulence is very low and the dust has
grown significantly. If we further assume that the dust grain sizes are set by turbulent fragmentation, we find high values of the «
turbulent parameter (o ~ 10_2). Alternatively, solutions with smaller turbulence are still compatible with our analysis if another
process is limiting grain growth. For HD163296, recent measurements of the disc mass suggest that this is the case if the grain size
is 1mm. Future constraints on the dust spectral indices will help to discriminate between the two alternatives.

https://arxiv.org/abs/2004.11394

Q&1 >0 D “o/St” DEENTFE :

(1 DSHARPH# D 2COERRIT— 2 Z L T,
A2 [O]#55&R E D Kepler[EERH 5 D EME
“SVo' TETHE T B,

nri

[
-

| -

S
o

Gas pressure [arbitrary
=
o

QAR VTR W EHABRDLED .
dust-gas coupling “a/St” HVRE 3, 1:_ SV 2vc Ldr A
BARALT—2N5. HRUVIE W, =

*3550 —9- \

=> AS209 « HD163296% #2935 s 09 1o 11 12



https://arxiv.org/abs/2004.11394

#44. The efficiency of dust trapping in ringed proto-planetary discs

a/St, HR) > Ja w,DE

7 ADEFRHFRE [EI7Z R DR

1 ¢z dlog p(r) » dlog p(r)

1r

)
Uy 0Vg

Vp(r) = vk(r) + 5 vk dlogr

AR DTICHIT B radial drift (4 X EDES
B (AR %=HT; alcfkiz) DEIDELY .

dXg

dlogr

¢z v

dXg

Stdlog p
2 Varift = Da—— » 24

dr

r dlogr

=«
dr

RAL. UYIADOYH R ABEST 2, R MU B wWERDS

St vg 0 dZ i
22{1 Uk Utﬁ ‘ » Ed — Ed{] CXP

2
rocs vk

(r — F‘ﬂ)

2
2wy _

w

d

) _l o cfru
¢ 2 St v}

AR N T0E (W),

)T D

Keplerﬁ_}* V), B

IEI#

REMD

FUMIE (ry),

=IX (),
(Ovy/dr)

dr

(

5U¢.

w)

Uk

RANICE X B; StICTF) & ik

—1
rn:|




#44. The efficiency of dust trapping in ringed proto-planetary discs 7

[ClEcA#R v, D

RCORAlT— 2 Z > TCRHED[D
BRIRE Vo(r) ZE5TE T B,

Ug. proj = Vg COS @ SIN 1

Radius (arcsec)
—_I_% 0.6 0.9 12 15 18

HD 163296

Brightness Temperature (K)

[OlERIRE 7370 Ve(r) Z double power-
law profile T7 v L. TNz
KeplerniRE X AR L TEDZ L %o

511{1, — Vyp — VUK

(%)

{Squ,

smoothed ===

observations

@E FE_%Z SVcD/dr 75\15':’9“50

Aévy / Or (% au™")
o
o

*LNEBEE0BHmHA TV ESH. BED
KepleriZBE I D 5780\ SvglcidEw 60 0 180
|ICoffseth @ 2 H'H L7 LY,



#44. The efficiency of dust trapping in ringed proto-planetary discs

. ; ” o v
&) > J D a/st SR
) > REO¥FEEE Ta/St ~ 0.1 B0 OO0 T7ig2  WmE2 4RO 0NE00 B2kl
v TELRDEEL< (e.g. a=10%), 4 X k ap——
R N -1
HAS<KET S (eg.St=0.1)1 >~ 10 K
j_ IJ j%ﬁfﬂa—éo __._,..-"";# #’__..-*
10—2 B100 ,-""##
dust grain sizehfragmentationiC &k o & " B67
= PAN
/;% i 5:[:’75 (BlrnStIEH' 1 2 *Eﬂ) _3 * Frag. limit : Qg,,
10 .
) _\/1H1 (m) A St constraint : Sty
g =\ 302 \ St/ meacured --- Frag. not reached
—— No fragmentation
oA X I\ﬁﬁﬁ%ﬁﬁ IFASUE )70t 1()—‘1%‘|=0_£1 — —
Zt’\?_j_r?_j% 7/71_ RN a‘;afragl'/(_lt é./_ 7&%0 o
o (1) FEJ E[3} éﬁl) (5)
BT — 2% BULCStORIER (AED) e & R

—3 a ) - :;1&3295 8 x 10~2
St; = 1.5 x 10 (l mm) 100 g cm™2 B100 4 x mj
B155 4% 10~

2x 107 6x104
3x 1073 10—4
3% 1073 10~*

6 x 1074 68
7 x 1074 57
10~3 53



#45. Distance, magnetic field and kinematics of the filamentary cloud LDN 1157 9

Distance, magnetic field and kinematics of a fillamentary cloud LDN 1157

Ekta Sharma, G. Maheswar, A. Soam, Changwon Lee, Shinyoung Kim, Tuhin Ghosh, A. Tej, G. Kim, S. Neha, Piyali
Saha

outflow

LDN 1157, is one of the several clouds situated in the cloud complex, LDN 1147/1158, represents a coma-shaped morphology with .5 i

a well-collimated bipolar outflow emanating from a Class 0 protostar, LDN 1157-mm. The main goals of this work are (a) to map the

inter-cloud magnetic field (ICMF) geometry of the region surrounding LDN 1157 to investigate its relationship with the cloud i "--"\4
morphology, with the outflow direction and with the core magnetic field (CMF) geometry inferred from the mm- and sub-mm - 4 ‘\Lll

polarization results from the literature, and (b) to investigate the kinematic structure of the cloud. We carried out R-band polarization 5 arcmi |

observations of the stars projected on the cloud to map the pc-scale magnetic field geometry and made spectroscopic observations
of the entire cloud in 12C0O, C180 and N2H+ (J=1-0) lines to investigate its kinematic structure. We obtained a distance of 34013
pc to the LDN 1147/1158, complex based on the Gaia DR2 parallaxes and proper motion values of the three YSOs associated with
the complex. A single filament of ~ 1.2 pc in length and ~ 0.09 pc in width is found to run all along the coma-shaped cloud. Based
on the relationships between the ICMF, CMF, filament orientations, outflow direction, and the presence of an hour-glass morphology
of the magnetic field, it is likely that the magnetic field had played an important role in the star formation process in LDN 1157.
Combining the proper motions of the YSOs and the radial velocity of LDN 1147/1158 and another complex LDN 1172/1174 which is
situated ~ 2\dgr~east of it, we found that both the complexes are moving collectively toward the Galactic plane. The filamentary
morphology of the east-west segment of LDN 1157 may have formed as a result of mass lost by ablation due to the interaction of
the moving cloud with the ambient interstellar medium.

https://arxiv.org/abs/2005.02781 T mee T ke
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A detailed analysis on the cloud structure and dynamics in Aquila Rift e

Tomomi Shimoikura, Kazuhito Dobashi, Yoshiko Hatano, Fumitaka Nakamura

outer shell \

Serpens South

We present maps in several molecular emission lines of a 1 square-degree region covering the W40 and Serpens South molecular
clouds belonging to the Aquila Rift complex. The observations were made with the 45 m telescope at the Nobeyama Radio
Observatory. We found that the 12CO and 1 CO emission lines consist of several velocity components with different spatial
distributions. The component that forms the main cloud of W40 and Serpens South, which we call the "main component", has a
velocity of Vigr ~ 7 km s~1. There is another significant component at V1 gg ~ 40 km s~ which we call the "40 km s~ !
component". The latter component is mainly distributed around two young clusters: W40 and Serpens South. Moreover, the two
components look spatially anti-correlated. Such spatial configuration suggests that the star formation in W40 and Serpens South
was induced by the collision of the two components. We also discuss a possibility that the 40 km s~! component consists of gas
swept up by superbubbles created by SNRs and stellar winds from the Scorpius-Centaurus Association.

https://arxiv.org/abs/2004.14050
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Chandra Resolves the Double FU Orionis System RNO 1B/1C in X-rays

Stephen L. Skinner, Manuel Guedel

We present new Chandra X-ray observations of the close pair of young stars RNO 1B and 1C (6" separation) located in the L1287 |

cloud. RNO 1B erupted in 1978 - 1990 and is classified as an FU Orionis star (FUor). RNO 1C also shows most of the properties of
an FUor but no eruption has yet been seen. Only a few dozen FUors are known and the presence of two such objects with a small
angular separation is rare, suggesting a common origin. Both stars were faintly detected by Chandra and we summarize their X-ray
properties within the framework of other previously detected FUors. We also report other X-ray detections in L1287 including the
deeply-embedded young star RNO 1G, the jet-like radio source VLA 3, and an enigmatic hard flaring source with no 2MASS
counterpart that was only detected in the second of two Chandra exposures.

https.//arxiv.org/abs/2003.07944
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Constraining MHD disk winds with ALMA. Apparent rotation signatures and

application to HH212

B. Tabone, S. Cabrit, G. Pineau des Foréts, J. Ferreira, A. Gusdorf, L. Podio, E. Bianchi, E. Chapillon, C. Codella, F.

Gueth

Large millimeter interferometers are revealing a growing number of rotating outflows, which are suggested to trace magneto-
centrifugal disk winds (MHD DWs). However, their impact on disk accretion is not yet well quantified. Here we identify systematic
biases in retrieving the true launch zone, magnetic lever arm, and angular momentum flux of an MHD DW from apparent rotation
signatures. Synthetic position-velocity cuts are constructed from self-similar MHD DWs over a broad range of parameters, and three
different methods are applied for estimating the specific angular momentum. We find that the launch radius inferred using the well-
known relation from Anderson et al. (2006) can markedly differ from the true outermost launch radius 7y, of the DW. The "double-
peak separation" and "flow width" methods provide only a strict lower limit to r,,;. This bias is independent of angular resolution
and can reach a factor ten. In contrast, the "rotation curve" method gives a good estimate of .+ when the flow is well resolved,
and an upper limit otherwise. The magnetic lever arm is always underestimated. Only comparison with synthetic predictions can
take into account properly all observational effects. As an application, we present a comparison with ALMA observations of HH212
at resolutions from 250 au to 16 au, which represents the most stringent observational test of MHD DW to date. This comparison
confirms our predicted biases for the double-peak separation method, and the large r,,: ~ 40 au and small magnetic lever arm
first suggested by Tabone et al. (2017). We also derive the first accurate analytical expression for the fraction of disk angular
momentum extracted by an MHD disk wind of given radial extent, magnetic lever arm, and mass flux. Application to HH212
confirms that MHD DWs are serious candidates for the steady angular momentum extraction process in young disks.

https.//arxiv.org/abs/2004.08804
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(2) Rotation curve method : Jobs(r) =7 X Vyobs(r) Vg ons(r) = [V(r) = V(=r)] /2sini,
vV IEFALMAT — A |CER S Nin® 7o 757% (e.g. Bjerkeli et al. 2016)

3 Flow width method : Jobs = Fw X Vi obs (™).
. DD S RDTEMAFRR, Vo ops(r™) ... MMAID [ElEREHFRD ET{E
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WSEOHADERIFR oo

N < | = \Lsw30 -
H S - XTI « E B 10 yZ L5W17
(Ferreira 1997; Casse&Ferreira 2000ab) | Z
WindDMBICEHDZETIL « NTKX—H S I
(1) Magnetic lever arm parameter : 4sr = o S A

L ... MHW DWhH B £ 5L & ES= ’ 0.1 L4 ot ]
Q, ... launch point r, CDKeplerAiEXE

(2) Winding factor : w= 22
Moy oo ToDMBlaunch Lﬁ.mﬁ’*??’]‘iﬂi?’)‘%ﬁi%%ﬁhﬁ_ =10):=E

ve/V(ro)

SIS 3DDERIT/INTA—F (M, 1y, o) 4D
DERI/INZ A—=4% (i, q,0,, 2...) DMTFEET B

Vr/ VK(ro)

0.1 1 10 10 1000 "1"6“(;06'1'5'(';'000
Solution "lﬂp = (.i" AJ" o }E W=r nm.w" I il..L-J'*J"rﬂ “/To
L13W36” 13.7 36 ~ k6° - DG Tau atomic jet (Pesenti et al. 2014)
1.13W130 12.9 134 < 80° ... much larger winding

L5SW30 5.5 30 =86° ...slower rotation
LSWI17° 5.5 17 =84 .. Reference Model in this paper
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(D Double-peak separation method :

/,\JA_Eﬂ_ (Ar AV JObS) 2: E@{ (Arth, AVth’ JOUt) 7&\ b) r

4D DE

72T R

. [Ar o AV
Jobs =\ 57 ) "\ S sin

ZETILEHRE) - 4DDEAI/NS

X —A(a-d) CTLEER

L 72,

v ArlE® ICArg, & DIELY,

v AVIZEIZAV, 12T W,

Y jobstFiout® B ICIE/NFHE S 5. C ALISER A
/\ﬁnAE (@br panel d) L1Z‘Zb72kb\o
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BN TT R

(D Double-peak separation method @ a [ 77777 7] byaeof T T

. [Ar o AV
Jobs =\ 57 ) "\ S sin

=
-
L
..l-

Jobs (km/s au)
o
o
|
A
G{:."n_/
|
<V>/cos i (km/s)
o
I I ] ]
| /

EEBOEINE (jops) &k D

1. MHD DW®DRABREIFAR (1, © TIT
V6= Job ? | ) of TR
10 b _ 5 _ E
2. Magnetic lever arm parameter __; 't 3 4
(Agpi MHD DWH'R EEX B #ALLBOE © |

S

B2 % KeplerfBTRIBELHD) o, [

o 1 10 100 1 10 100
/lﬂbs — Jﬂbs/ \/GM * Fobs - Fout/ Fin Fout/ Tin
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LEBOERNE(j,, ) DR B E

(D Double-peak separation method : o —(f) (ZSH”)
v PV EDEE E— T RID{Ar, AViZ UL %o
v Inclination angle i>i_;,~84° TN & B3, #HANMEIXIERIEZ RHEYICE /)N
M9 3 (FRIEZ S5 X D)0 CNISEHARE(E — LT 1 X)ITIKS 7L,

(2) Rotation curve method : Jobs(r) =7 X Vyobs(r) Vg ons(r) = [V(r) = V(=r)] /2sini,

vV IEFALMAT — A |CER S Nin® 7o 757% (e.g. Bjerkeli et al. 2016)
vV IBERABDHIER L, BEREDN D THNIETBEXICKFSD. BEREHNE
WERRHIICBARFTEY % (LRIEZ 5 X B).

3 Flow width method @ Jobs = r'w X V.obs(r™).
B BRD S KD IERAERE, Vo op(r®) ... SMAID [EIEREEHR D B (E
v 1@%4 A DEIRE Lo jo 3 L TO L FIRE OB/ Ei%E T3, —H T
Foue * Agple X L THEOEK D HITHIEV)TFRIEZ 5 X 5
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HH212A D E R

#edge-onFIME(i=87°)Z FFDHH212D  ( odeurputons [Pousaithiedd . 02501 maonu
SEREE 16 - 250 [aU] TOALMAELE - ol BB '

T—RIZ. edge-onFE THIA
Double-peak separationZZBA T %, « L

3 -
= 02k
o

0.4 =

®r . ~1[au] Kr,, =40 [au] (&4
1% 4-4%: Tabano et al. 2017)

0 EEEEICK > THEFLBAEFN-AE

BEDF U LIE. MHD DWIC & 2

THRFEWSNTL S,

-0 -5 0 5
Viee = Vo (km.s )



