Time Variable
Photo-Evaporation of
Protoplanetary Disks

%
ey
.

I'—Ienry'P-hroop (P Y 24

DDA M'eeting M’c Hood, OR o 3; "







“e = b . r‘ ".a..'.‘-' "c
“‘_' . . . oo’ .

Orlon Constellatlon
v1s1ble llght) e

.
., .-
4 . f' . . . 1
. . 0 . e’ '. . -
. ’ .
y 4 ‘e v e . .- Toe .. .
o' . » o‘-.'t . L . ot
! 3 . R oy e v
“. al "« " a8 su_ " ¢’ . « * P
. Py N - * »
AL FY N ®ie 10 8 e o ° .
& R .I. P « 7 o ¢ .
‘..‘0 ,s 5 ol B . .,0 2 » . .
Ly ‘ . L e \. ‘e Q ~ *s
- . . . Y
‘-..:. '.'. ’ N 9 ¢ ;0 ) :_' ¢ o *% >
»
v o S8 o D2 w0t gt e
..‘ e . 4 o . av o ‘o o ‘
% - - . - * Ve v
. N . * e8 ¢
» . ’ - 4 - ’ ™ -
~ 1 ‘-.' o® . - 3 ‘ .
@ . -‘ Vb . ® .o- ¢ \; ol ’
g ‘ . . . > .y . “: .-
. e L o - . ’
‘., N n Ve R o ¢ 8
‘ . o . .. . .
. . .- AN ¥ v v . )
. *s . . . . , e o
* e . . " N -
: o, W s - »
. 7 Yo LN S » ‘e o
F} - e . o )
vp ° . .
A - ° y " L ‘
. PR ° 1.0 < LY ¢
e “aes ’ 4 e
N “iq. e e . S0 & 7 e -
AN v - . 3 ot .o ® o ¢ o G0 %
% 2% X L ¢ AIRER FEd, o
. ’ A . SRy . '
kY % . L. v , > '
- ¢ e ¢ .‘..‘ . el .
. P - )4
' o ? . * ‘. ¢ . .
. o ) nd . "'; . .
. CREE | . . . - -
g . s ® L . .~ p-¥.
D . .:0 ° . * ® e .
. & . . "
. LI e * . ° ™ % ™
- oy * ’ . . g
- LYY . '
“a_e 4 a9 ¢ ' v '
. . . ... . 1 » v
. - ’ .
IR} 1 5 UL L T :
1 e X 2 "ae . A S ’ . >
¢ P e 0 . » v . '
:’-. ! .” . . d o . ) ’ ’
6 vgBrm . ®, Yo » .
. - 3'_ . . ." A .0 . Yo
s A * ' o . -
. l‘.. ' . . . L ¢
s P .s v : ot ’ 4 . . . .
> ® p ' -~ ' v

.
- - LN ., . .e ;-
. 0,00 4% . .
. —~ v . ' .
Ree e » coek®e 20 V- .a
. N RO AR Y : .« ¢ o
o T v LR ° 4 . 4
ot %0 .. . . ‘.
¢ . . - ® . .'. r '. ™
. . y e " ¢ “e e . ‘.
> ".‘.. - N
° ™ ! . fg r . o » * =} Y
. A . . ° . * e
r N O .
LR 0. g ' & S .t o3 . . .
.
.-o. .- ¢ . - - ’ .
. » A ® .-, . » -
en s s W e v Kol
.. ' . v . .
. » . . s
. . v - " . . .. -
- -
+ - . .
e 0. '40 - PR S ¢
\ ‘. ‘ . o dey .
N l. .:\. h » h o B
- . . . '
.._ . ® . - g
» - . " » - . . o "
< . - . ‘ - < . .
. > . L £
. ., . ..
e % L) 4 ‘ . .
- ‘ .
- . - L
@ $.. 21 » - - .
Rl L . Oy * >4
. H & .. - . ’
- - ' ¢ - e N e
. -
. . - » - .
. o014 N ®
L .-


















- Closest bright star
- Distance ~ 1500°y®
- Age ~ 10 Myr

- Radius ~ few ly
- Mean separatiof®=10+A
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CIRCUMSTELLAR DISKS IN
ORION

172-028 121-1925

o

e 100+ disks directly observed, diameters 100-1200 AU
e 80%+ of stars in Orion show evidence for having disks

These stars are too distant and young to directly search for planets... but we
want to study the environment and processes to understand the planets which

would be produced in these dense clusters -- and therefore throughout the
galaxy.



REGIONS OF STAR FORMATION

Large Dense Clusters: Small Sparse Clusters:
Orion Taurus

# of stars 103- 104 10-100

104 stars in last 10 Myr
(Orion)

w

Distance between stars 5000 AU 20,000 AU

Dispersal lifetime Few Myr

% of stars with disks > 80%




How DOES CLUSTER ENVIRONMENT AFFECT DISK
EVOLUTION?

Work we have done involves ...

— UV photo-evaporation from massive stars

— Interaction with cluster gas

— Close stellar encounters

— Organics and UV photolysis from massive stars

Throop 2000; Bally et al 2005; Throop & Bally 2005; Throop & Bally 2008; Moeckel & Throop 2009;
Throop & Bally 2010; Pichardo et al 2010; Throop 2011.



Photo-evaporation controls disk

structure in large clusters, where
nearly all stars form.




PHOTO-EVAPORATION IN ORION

- Disks surrounding solar-type stars are heated
by UV-bright stars.

- Gas is heated and removed from disk on 1-10
Myr timescales.

- If disk is removed quickly, we can’t form
planets!

Nebular Background, HIl, 50 K



Photo-evaporation from external O stars removes disks in
10°-10° years.




TRIGGERED PLANET FORMATION?

Photo
gravits

-evaporation re
ational instabili

ty to form planetesimz

2moves gas and allows

als.




Disk Photo-Evaporation

: dM
Mass loss rate from disk: —— = 4713 vgngmy

dt

Disk surface gas density 70

Gas velocity vg ~TY? ~ (Fyyv)2 ~ R
Gas mass
Disk radius
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Virtually all previous PE models assume static
stellar positions: R ~ 0.1 pc ~ 20,000 AU.

But we know that stars move quickly, with many
cluster crossings in first several Myr.



We performed N-body simulations to
look at how distance between disks and
external O star changes over few Myr.

t= 0.00/11.56 Myr
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N-body sims track
individual history
of solar-mass stars
in large Orion-like
clusters.

We couple N-
body sims, PE, and
a viscous disk
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Distance vs. Time, star #5
Flux vs. Time, star #

Cum. Flux vs. Time, star #5

Disk Mass Loss vs. Time, star #5
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Flux vs. Time, star #5
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Flux vs. Time, star #5




B Disk Mass Loss vs. Time, star #5
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Photo-evaporation is highly episodic.

90% of the UV flux is deposited during 10

¢

% of the time.




