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Why model disks?

+ Resolved disk examples

+ get grain sizes

+ see structure & infer history
+ Two-temperature disks

+ 1nfer structure (i.e. two belts?)

+ origin of warm components?



Resolved disks ,

O offset (")

compare with

& cos & offset (") stars/planets

Kennedy+20126



Disk spectra

Size distribution means Dmin and rdisk degenerate

1.000} D,=0.1
E D,=1.0
D, =100
10" -
0.100
lﬁ LT:
; 10°F larger ;
0010 / s
-
Dmln
L
00011 - L d IS bl Lk ~ W 10° e
10 100 10C 10 100 1000

A (um) A (um)

Resolved disks: measure rdisk, get Dmin

KennedyeosWyattil4d
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Procedure

TN 1 \
" Resid@ials
+2-306 centours

Q

HiResModel -

1) Create disk model: get r |
2) Make disk spectrum at r o

(with size distribution) :
3) Find Dmin to get a match

102 =

also get geometry (+ other

info 1f resolution 1s good) =3

10 100 1000
A (um)




Dlsk s1ze > BB size (I'=R4isk/Rpp>1)

~ 0.6

o 4
g I{mnwui\' 2012 °
81 @ Lestrac { 2012 ] .
= infer greater Dmin for
2 6f e :
5 more luminous stars
= 4l B 1) 26 = e
2.4 ,} =14+01 |
| .#:‘ 59 I ?:(()).%io.oz ]
....................................................... PROTTITOPRRRNORY - T 20 % r. =—-0.71
@ Iz 1 Io 1 2 1.8 # *
10° 10 10 10 10
L, (L) 2 16 é
E"’ 1.4
5 3 = 1.2 ._-l,
4+ _
1.0
3._ -
0.8 s b
== F. 1 0.01 1 10 100
2 - - = L/Lgyn
1 [ but how much greater?
i
1 g y retotscmtnliyy
10 100

Luminosity, Lg,a

Morales+ 15, Pawellek+ 149, Booth+12



Grain size and stellar mass

more stirring 1n disks around higher mass stars?

(but grain properties could be ditferent too)
linked to higher planet frequency?

(d) 100 ¢ : ———— : —————————— 1000.00 £
5 a=10%2 e
[ b=-0.57+0.08 I
! r =—-0.85 g 100.00 f ...
10 &f r, =-0.86 5
! q f ,S 10.00
=14
N :
S é 1.00 5
g =
£ g
0.1 Sl
0‘01 : I I — — : I : ———— e Hi e “‘10 = HH‘l‘OO = “‘1‘(‘)‘00 1‘(‘)‘000
1 10 100 size (in s¢s units)
L/LSHII

Pawellek+2014, Thebault+08



Circumbinary dynamics
e>0 (0.6 bere

e=0(=boring

5 Pic

Doolin+15

lts1n {2

polar
orbits

Pcos(W)/pi

( relative to binary orbital plane

(2 relative to binary pericenter



Circumbinary dynamics

coplanar

pericénter e=0.77

polar



Circumbinary dynamics

coplanar
— > C D
pericénter e=0.77



Tracer of star formation

“close & tldy” “Wide & meSSy”
T I T e A i I :

Y =
'''''
...

3 Tr
o CrB HD98800BaBb 99 Her
DE Boo

NRAO, Hale et al 1994, Retpurth et al 2014



Bmary-dlsk ahgnment

15}

O offset (")
O offset (")

10

o. cos O offset (")

close binaries: P = weeks
(inchinations and nodes)

Moerchen+2010, Kennedy+2012b



Primordially aligned? Yes

Radial distance %%
1OO.OO 2.57 5. 15 10.29 12.87
1 R AN NSAARRRRE §” 255~  ahE RELARLAE RARRRARRE 3
~ 10 AN P e e e~
" -
qé :4— most Of dlSk_> E
S ok : outside ralign ' =
S ‘ | E
% - |
5 .
a. 10’ = |
= : |
'E‘ |
¢ :
2 10% |
: Erin :
105 ; J_J__L_; LY T T : ...... T T T T T T | T T T T T A | .........
0 100 200 300 400 500

Semi-major axis (AU)

Kennedy+20126



set (")

99 Herculis

misaligned!

binary

| hine of

1 nodes

Kennedy et al 2012a



Disk perpendicular to pericenter direction?
P=50 years, tsec ~0.6Myr @ 120au
(1.e. particles must be perturbed)

\

10

DEC offset (")
o

10+

.
S
S
-
.
.
. =
S
‘ L
.
-
S E
S
’ =
.
2 =
. L
. v
S 20
|

Kennedy et al 2012a

RA offset (")



’\ 99 Herculis:

single particle,

2 parameter
model

mean SB:0.327 mJy/sq"




Resolved disks - summary

+ Dozens of disks now resolved

+ Grain sizes larger than expected for Sun-like

+ No signs of “tilted” disks (yet)

+ Close binary disks aligned (4), wide are not (1)
+ Much more detailed modelling to be done

+ e.g. reconciling HST with Herschel



1wo- -temperature dlsks

50 1 IIIIIII 1 1 IIIIIII 1 r 1T 1T 1T 11
a: dust IR excess

HD107146

1.00}

F, (Jy)

0.10}

0.01E

F, (Jy)
[y
1} rrrrrrr[ 1l rrrrrrr[ 1 J rrrrrnT LALA J

1.00F
1 S
u 0.10
'01 | | L II | | | L II \/’ | | | | 1 1 1 Il g L
2 5 10 30 100 300 1000 W 501k
I 10 100
— ————————ry — A (pm)

HIP26966 (HD38206, HR1975)

- === = Temperature of 45 K

e L

140 [
120 |
100 |
80
60 |

10:—
o 40 ¢

Excess FV (mdJy)

201,

C/zf'm+07, MOWZ[&J+]], SLL+09, Bdl[elf‘[/flg+]4 —_——



HR8799 - planets between belts

(sound familiar?)

HR 8799bcde
1015—
1005—
B v
g 1 v
L 10'15— \\v
_ v A\
10_2-_ .o offe ‘.'-—
I T e 4999 b
10! 10° 10! 10° 10°

wavelength (um)

Talks by Hinkley, Booth to come. Poster by Zakhozhay

Matthews+ 149, Marowws+10



n Corvi

The other “original” two-
temperature disk

Inner belt mid-IR confirmed

No material seen between
inner and outer belts

Ditferent mimimmum grain
sizes, smaller in warm belt

Possible origin 1n outer belt

logla,,,, (m)] (FEBS?)
Duchene+14




Ratio of temperatures constant - surprising?
do all therefore have the same or1g1n'7

10 = Twarm/ Tcool __

two-temperatures not detectable

| Potos s e e S e e e T b e s i

5000 6000 7000 8000 9000 10000

KennedyeoWyattl4d Lo




Two-temperature diagnostics

7
10.0 /

i

# N Crv :
- 10 {:i;é; EIE)45689 _

181327
+ [3 Pic J
HD 3229@ Fomalhaut P
HR 8799
nALL
1 2 3 4 5 6 .
Ry

KennedyesWyatt14



F, Jy)

Relative residuals

10"k

10°

102

1.00

oS &S o8
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10°E

10! 10°

10! 10° 10°
wavelength (um)

HID)32297
2Temp — 2Comp

Model 6
Outerdisk — = = =
Inner disk

10 100
Wavelength (um)

1000

10'
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2
LI.4>
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10_4 ettt s 0] A - W
10" 10° 10 10 10°
wavelength (Lm)
2Temp — 1Comp
1.00}
3
E
— 0.10}
0.01

Wavelength [pm]

Kennedyeo Wyattl4, Donaldson+15, Lebreton+12




Blowout S1Z€ varies & blackbody'

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

10 e Twarm/ Tcool ICy 5

=
---
--
=

\~§

two-temperatures not detectable

! i T P T e b pg e TR R e = i iy e e

5000 6000 7000 8000 9000 10000
Teff

KennedyeoWyattl4d



HD 207129 Parent bodies = disk!

star subtracted

Uter ring (55-90 A

T - T =1 -T 11 T T =L 10° Y - "
scaled Vega run total) ] — without pile-up
@ - reference run ( ) | 10%} -~ with pile-up
-3 L  noice (runcl) ----- a Sstellal .
o 10 : : 1 < stellar .
_g i photosphere . (—LBTI
£ : | | 10
= = =
107 ¢ =101 ?é@
Q - €3 )
e ' 107 o
Rl 02 g
= : : analytical
= 104 - maxima :
t =
10_6=' I A I B B I il 10_5' Samaesy ) A& | I'e";gs M* 1M@
20 50 100 200 500 0.1 1 10 100 1000

Radial df A - - -
aoigigistancesl Lobne+12, Reidemetster+11, van Lieshout+14



Age depen

dence

® >7/500K

100 © <7500K

1.0

0.1

10!

KennedyesWyatt14

:

evolution

1 expected for
| independent

belts, but

not seen...



Iwo-temps - summary

Fout =
grains / \
not BB

Kuiper/Asteroid .
= Comet delivery

belt analogues .
0 (PB unrelated) (link w. FEBs?)

a future goal: correct

transport : : : :
P interpretation without images

important (an application: planet hunting)



ioa Summary

Resolved disks:

Uniform studies revealing stellar mass trends

No signs (yet) of star-disk misalignment

Goals: stellar mass dep. and dynamical history
Two temperature disks:

Potentiaﬂy powerful but understanding needed

Goal: predict system structure from SED



Two-temps - summary?
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