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YSOs near massive stars. UV photo-ablation of disk
Irradiated jets




Outline

* Most stars and planets form in clusters / OB assaiions:

=> Disk photo-ablation => mass loss: EUV, FUV
=> Metal depletion in wind / enrichment of disk

=> UV-triggered planetesimal formation
= Jets

 What will ALMA Contribute?: [5 to 50 mas resolution!]
=> Clusters of sources: disk radii, masses, |-fromadii
=> Resolve ionized flows, disks features, protopiats
=> Neutral flow composition, velocity, structure

=> Disk B (Zeeman & dust), composition, structure, gps




ALMA & Iirradiated disks

10 pdy sensitivity & 10 mas resolution
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d=180to 500pc; 1> 300 pc
Orion OB1 Association: ~40 >8 M stars: ~ ~ 20 SN in 10 Myr
O (<3My)
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Trapezium

Hundreds of Proplyds
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OMC-1S: Zapata et al. (2005)
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OMC-1S: Zapata et al. (2005)
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Proplyd photo-ablation flows: dm/dt~ 107M, yr -
HST4 (LV 6), LV 1

e =

| !E —
ol 4 S 157-323

G
| .‘___,__. LV 5 ¢
- (158-323) k.

1583 6
(161-322)  WELOCS2/8

Position (mas)

1H.I"F.-In::f.-::ir;.-- (km/s)




Disk Photc-ablation
lonizing EUV: A <912 A (E>13.6eV):

c, ~ 10 km/s
Soft FUV: 912A<A< ~2,000A (~6eV<E< 13.6eV)
c,~ 1-5 km/s

Escape at r > fGM / c? for c, (for Solar mass)
for c,

Self-irradiation vs. External irradiation:

External irradiation: L _..,(UV) ~ 10* photons / sec
Self - irradiation: L. {UV) ~ 10 - 10*3 photons / sec




Anatomy of a proplyd

Gas bubble

/ Stellar wind
Wind shock







6 —13.6 eV UV photons




6 —13.6 eV UV photons
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6 — 13.6 eV UV photons




6 — 13.6 eV UV photons




6 — 13.6 eV UV photons




6 — 13.6 eV UV photons




t~f Mgsk Noit rgigt Gt (years)
~ 10 - 10° years

r o = GM/c,2 ~ 40 AU

c, ~ 3 km/s
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6 — 13.6 eV UV photons




6 — 13.6 eV UV photons




6 — 13.6 eV UV photons




6 — 13.6 eV UV photons




6 — 13.6 eV UV photons




6 — 13.6 eV UV photons




6 — 13.6 eV UV photons




t ~ 9Xx 10 QY2 cll gt dypt My rigay™? years :

<2-5x10years

6 — 13.6 eV UV photons




Orion Trapezium
HST+SMA (Williams et al. 2005) M, ~ 0.003 to
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> 50 disks seen in silhouette




Irradiated
proto-planetary disks:
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Keck AO IR

Blue: Br vy
Green: H,
Red: PAH
2.12pm H, 0.6563pum Ha
=> Soft UV photo-heating of disk surface

(Kassis et al. 2007, in preparation)




Evidence for Sedimentation:

 Near-UV penetration:
- UV penetration depth, N(H) ~ 2 to 4 x 18 (cm)

- Ry, ~ 5 => grains are larger than ISM

 Chandra X-ray attenuation at 0.3 — 1 KeV
- lonization front (flux & radius)

- Wind model
- Chandra
- N(H) / N(metals) > 3 -5 x ISM
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d181-825 *“Beehive” proplyd Chandra COUP

KT ~ 0.57 keV &
1280 AU N, ~8x106%cnt? (soft)
Ny ~ cnr? (hard)




d181-825 “Beehive” proplyd X-ray absorption:
N, ~ 8 x1G°cm?
But, foreground & ~ 1 mag !

Neutral Column:
(from 50 AU, V = 3 km/s)

NL(R) = 2.2x16'V1lr,y

—Photo-ablation flow
metal depleted!

1280 AU
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UV-Induced Planetesimalformation:
 Problem: How do grains grow from
d <100 cm (gravity un-important)
(0]
d~1-100 km (gravity dominated)

c.f. Weidenschilling, S. J., & Cuzzi, J. N. 1993, PP3

e Grain growth + sedimentation + UV-photoablation

— Mass-loss from disk is metal depleted

— Retained disk becomes metal-enriched
Gravitational instability => planetesimals

Youdin, A. N., & Shu, F. H. 2002, ApJ, 580, 494
Throop, H. B. & Bally, J, 2005, ApJ, 623, L149




UV => Fast Growth of Planetesimals

Grain growth => Solids settle to mid-plane
UV => Remove dust depleted gas
=> High metallicity in mid-plane
Gravity => |nstability
=> 1 - 100 km planetesimals

- Fast Formation of 1 to 100 km
planetesimals




What will ALMA see?

NASA / NAI

R. Durisen




What will ALMA see?

Gas bubble

/ Stellar wind
Wind shock




. Possible ALMA Projects:
Solicit Legacy programs:

Surveys of Orion, Carina, M8, M16, M17, W40,rtSco...

continuum & line fluxes as functions of location,
environment, age
dust, gas,;t, composition
2(r)~r® Whatisa ?

The organic forest => chemical evolution
lces => gas transitions (HO, NH;, CH,OH, ...)
=> dynamical YSO masses
Gaps, spirals, accretion-heated protoplanets
Externally ionized protoplanets & disk features
(late-phase proplyds)
structure, velocity => mass loss
polarized dust, Zeeman in CN, SO, ...




n Carinae Nebula:
Trumpler 14 region

Pillars with jets

(< 3 Myr)




Trumpler 14

Dark globule:
facesn Car




Twin jets from# =
YSOs in e
Pillars near Tr 14 "







Bipolar jet \




The Bolocam 1.1 mm survey (as of Sept 2006)
« ~ 90 square degrees of the Galactic Plane

« 5,000 dense cloud cores (> 20 mJy / beam)

e Best tracer of massive star-forming cores

Single 45 min scan of 3 x 1 deg field in Plane (1Qy mbeam)
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Conclusions

* Most Stars from in dense clusters, near massive s$ta
Most planetary systems likely form in OB associatias

« ALMA Resolution to 0.005” (band 10 @ B = 14 km)
lonized photo-ablation flows, wind, & jets

Neutral flow (proplyd body)

Disks & Planets: Velocity field, Structure, Composiion

« Emphasize Legacy Surveys rather than GO programs










