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Prestellar core

Parent cloud £ The evolution of protoplanetary
s disks and their typical lifetime
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Class il & Age of the region [Myr]
O\\/ _ (Fedele et al. 2010, Haisch et al. 2001,

Hernandez et al. 2007, Bell et al. 201 3)
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(Adapted from Andre 2002)



Prestellar core

Parent cloud

Class Il

ar e

Transitional disk

< >

Class Il
O

(Adapted from Andre 2002)
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What is the driver of the evolution of protoplanetary disks?

VISCOUS EVOLUTION | DISKWINDS

> c#4

? Magnetic fields .
‘ & i Dead zone

Star & planets <

e.g., Lynden-Bell & Pringle 1974, e.g., Armitage et al. 2013, Bai et al. (2014,
Hartmann et al. 1998 2015, 2016), Gressel et al. 2015

INTERNAL EFFECTS OF ENVIRONMENT -
PHOTOEVAPORATION STELLAR CLUSTERS
’ Dynamical interactions

e.g., Pfalzner et al,, 2005;
; ‘ larke et al., 1993, 2008;

Massive star (O,B) / K
e.g., Clarke 2007,

eg. Alexander etal. 2014 External photoevaporation ¢, oot
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Spectroscopy: Wshooter

® Stellar properties
® Mass accretion rates
® Wind properties

mm-interferometry:

® Disk mass
® Disk morphology
® Surface density

IR-interferometry
& spectroscopy:

® |[nner disk morphology
® |[nner disk composition

® Distances
® Kinematic membership
® Dynamical properties

Credit:ESO/H.H. Heyer
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STAR FORMATION i’
IN THE Gaia ERA '

Dafa release 7
Distances 1o SFR

ESA/Gaia/DPAC



The Chamaeleon-Musca complex seen with Gaia DRI

 ESA/Gaia/DPAC

One of the closest star
forming complex with

hundreds of young stellar
objects, many surrounded
by disks (e.g., Luhman et al.
2004, 2008) and still
accreting (e.g., Manara et al.
2016a,2017).

The distances to the
various clouds are
still under debate Ay
' d=178+18 pc Cha |

d=160%15 pc

Only 8 known members
of the Chamaeleon |

cloud are included in the Cha I
TGAS catalog, 4 in d~140 pc ?

common with Hipparcos.

Voirin, Manara, Prusti, to be subm.

Distances from:
Whittet et al. 1997,
Franco et al. 1991,
11° x 13° field centred on the coordinates (I = 300.5%,b = —13.3°) Luhman 2008
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Chamaeleon I: TGAS vs Hipparcos distances

S — S —
| | | — } @ 7
200} SO + ............. S S TN

180 S S G ]

160

drgas [PC]

140 e . T S
120 A S S SN S

100 A S T S ]

Voirin, Manara, Prusti, to be subm.

A N U S S S S
80 100 120 140 160 180 200 220
dp [PC]

TGAS parallaxes suggest that Chamaeleon |
is further away than assumed.

NB: all distances are from Astraatmadja & Bailer-Jones (2016), assuming an anisotropic prior

Carlo Felice Manara - IAU Nice - 25.04.3017



Chamaeleon I: TGAS distance using known members

~160 pc

-76°30'00.0" ‘
\ TYC 94107286 ~1 90 pC

7 9410-60-
-77°00'00.0" ‘J‘ 'y

~180 pc

Dec (J2000)

o |~200 pC

-78°00'00.0"

Voirin, Manara, Prusti, to be subm.

30'00.0"

009 005 OQS 005 005
““00«\00 50‘“00 a0 2000%° 10‘“00

RA (J2000)

distancechamaeleon I, members = 189 £ 9 £ |0 [PC]
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TGAS distance using reddening turn-on

Star forming region

DEC

See Whittet et al. 1987, 1997



TGAS distance using reddening turn-on

Star forming region

i
Distance
See Whittet et al. 1987, 1997



TGAS distance using reddening turn-on

E(B-V)

Distance
See Whittet et al. 1987, 1997



Chamaeleon |: TGAS distance using reddening turn-on
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Chamaeleon ll: TGAS distance using reddening turn-on
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The Chamaeleon region seen with Gaia DRI

Name Distance [pc] Old Distance [pc]
Chamaeleon 1 181 + 10+ 10 16015
Chamaeleon 11 181 + 10+ 10 178+18

Chamaeleon ITII 199 + 15 + 13 ~1407 5
Musca < 600 P
8
2
S
| L &
b = 0° plane rs = 179 £ 10 pc | o
L} o * -
G el . / b N —150 I Southern Coalsack g
Corradi et al. (1997) hypothesis : 5
S Interface of the Local and 1 49+ 8 Z‘
d Loop I Bubbles | %e = pc.g
| =
: >
|

50 pc

King et al. (1979) hypothesis

Cha III
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STAR FORMATION i’
IN THE Gaia ERA '

Data release 2:
cdynamical effects

ESA/Gaia/DPAC



Detection of young stellar objects from IR-excess

Declination (J2000)

-78.5°

-77.0°

-77.5°

-78.0°

-76.5°
-77.0°
-77.5°

-78.0°

|. Limited coverage of IR surveys
2. Low sensitivity to small IR-excess (e.g., diskless stars)

|
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12n
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] e
{-78°
{-79°

1-80°

Chamaeleon |, Luhman et al. 2008
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ions in young regions

Sparse populat
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30 Dor, De Marchi et al. 2011
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Taurus, Gomez de Castro et al. 2015

Vela OB2, Sacco et al. 2015
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Sparse populations in young regions

ORIGIN:
¢ different star formation sites
® dynamical interactions

-
o

Galactic Latitude (deg)
n
o

-25
P
-30

-35

EFFECTS: “m m m e owo w0 1 190
® are we missing many young stars¢ (e.g., Pfalzner et al. 2015)
* wrong disk lifetime estimates? (e.g., Armitage & Clarke 1997)

® can we use this population to study dynamical evolution?
(e.g., Allison et al. 2012)

HOW CAN WE FIND

& THIS SPARSE POPULATION?

———
—
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Maximum likelihood kinematic membership

Zari, Brown, Manara, de Bruijne (Leiden, ESA)

Cluster+field |MLE| Cluster members
likelihood function selection

Cluster-only
likelihood function

»*- %  @esa lMLE
¥ T

Astrometric observables
(0(9691-[9 IJO(’ u6+RV)

Model for cluster stars
X,Y5Z,Vx;Vy,Vz, Oy

-

Model for field stars
X,)’,Z,Vx,Vy,Vz,O-v

Cluster kinematics
+

improved parallaxes

See an application in poster
D6 by Difeng Guo

Detailed description of the method: Lindegren et al. (2000), de Bruijne (1999)
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Gaia as a tool to detect sparse populations

Chamaeleon I-like cluster
(N*=400, fsim=5 Myr, R=2 pC, avir=o.4, fbin=0.2, D=] .6)

10 y ; Y 10 - T T 10
5 5| 5 » -
| 3 | " 'a" . . L., .?; . o
U * e 4 .‘:* U w, '.~ b 3 . w ..". )
= v g o SRR . T 2 0 | ‘;Q-r .'
> o5 > - 7 > v -
” . v
o B ‘Yo
=5 -5} f -5 ‘
0 Myr 3 Myr 5 Myr
-1055 -5 0 5 10 -195% -5 0 5 10 -1915 -5 0 5 10
X [pc] X [pc] X [pc]

Zari, Manara, Brown, de Bruijne, Jilkova
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Gaia as a tool to detect sparse populations

Chamaeleon I-like cluster
(N*=400, fsim=5 Myr, R=2 pC, avir=o.4, fbin=0.2, D=] .6)

Simulate observation with Gaia (G, V-I, &, o, T, Ux, HUs)

=75 T T T Te T - T
°
Simulated
. -+ Observed
° 31 . .
—-76} . .f . o
B ° L ]
n -, .
— e . " -~ 2k
m -77 - @ . — >\
Q E .
2 © 1L .
O E
W -78 : 1 -
. ° * = ()] =
3
—79 d 1 -1 I | "
Simulated . . .t
4« Observed ¢
-8 I 1 1 1 1 -2 1 1 1 1 1
fas 180 175 170 165 160 155 -28 ~-26 -24 -22 -20 ~-18 ~-16
RA [deg] 1, . (mas/yr)

Zari, Manara, Brown, de Bruijne, Jilkova
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Gaia and young clusters: kinematical modelling =
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Single population code:

determining the cluster motion
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Zari, Manara, Brown, de Bruijne
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Gaia and young clusters: kinematical modelling o= ..
Z gaia

G
—76.0 I I I I I I
«  ALL CLUSTER
X + After likelihood
. . —76.5} ' . —
Sub-virial model of a
star forming region = -77.00 * :
S
(Parker et al. 2014) S x : *
A -77.5F . ' -
* & *** '
_78.0— ;e* % -
20 I I ;
x  ALL CLUSTER * *
) +  After likelihood . ’
| _ — ] ] ke ] ] ]
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RA [deq]
10+ — 350 T T T T T T T
% 300 _
I SF B 250} i
x 200} _
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150} _
_5L _ 100\ i
x x sok- 4
_10 ] x ] | 1 1
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Ha  Zari, Manara, Brown, de Bruijne, Parker ™"
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assign

Cluster+field code

ing membership to cluster stars /<
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>95% of cluster members recovered, <5% false positive
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TAKE HOME

' Gaid DR1:
Refined distance and 3D structure
of the Chamaeleon reglon _

L

Gaia DR2: '
Kinematic-based membership in nearby
)4

oung stellar clusters to test disk evolution

Carlo Felice Manara (ESA/ESTEC)



