The Lifetime of Protoplanetary Disks
Surrounding Intermediate-mass Stars

Chikako Yasui'!, Naoto Kobayashi?, Alan T. Tokunaga=, Masao Saitos
1. University of Tokyo, 2. University of Hawaii, 3. NAOJ

ABSTRACT Results

< penvation of cis | | IMDF derivation Disk lifetime o
- (IM-)stars (1.5-7Mo) | Target clusters e X2 fitting with an exponential function
v Derivation of IM-star disk fraction (IMDF) Almost all of the well-known clusters (N=20) * The disk lifetime is defined as the timescale
for many (~20) young (s10Myr) clusters | e Nearby: D = 2kpc of disk fraction to fall down to 5%
using 2MASS JHK (K-disk) and Spitzer IRAC (MIR-disk) data * Young: Age = 10Myr Mass WS tMIR
v Disk lifetime of IM-stars ~20 young clusters used (Me) | (Myr) (Myr)
tam) = 4Myr (innermost K-disk) / tam) = 6.5Myr (MIR- d1sk) Basically the same targets for JHK and MIR IM ~2.5 | 4.4+0.9 | 6.9+1.0
i (JHK: 2MASS, Spitzer: IRAC 8um) LM ~0.5 | 9.7+1.1 | 8.6+0.7
< Implication to disk evolution of IM-stars A Mass Mo-0.5402 | M—0.10.1
. v Significantly earlier innermost disk dispersal (~0.3AU) ' dependence
than inner & outer disk (225AU) is suggested (At~3Myr) | o (Intermed|ate maSS StarSI Tab. 1 Disk lifetime and stellar mass
— Probably faster dust growth in the innermost disk ol
i v IM-stars have much longer transition phase than ] ‘! ' :
. low-mass stars i ‘\s\‘ l 1.5—7Me I As comparison
AU I : i o [LOW maSS Stars]
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Disk lifetime of protoplanetary disks - : 1 & IR
 One of the most fundamental parameters because | b= e & 1 e S F . o
it directly restricts both star formation and planet formation = R { 8 : + & :
| - — - .J = ? \ -
« Estimated to be ~5-10Myr for Iow-mass stars ( 1I\/I@) v I N
(Williams & Cieza 2011, ARA&RA, 49, 67) - . l - ] i
Jlnner disk (~0.1-5AU): 5- 1OI\/I r -
Dust: NIR to MﬁR ) y [_ Inner d|Sk
e.g., Haisch+2001, Apd, 553, 153; N ~0 1 5AU
Sicilia-Aguilar+2006, Apd, 638, 897 } — - m — il
Gas: Ha (Fedele+2010, AgA, 510, 72) \ e — e
v Outer disk (=50 AU): . Outer disk 0 0 5 10
same as inner disks -~ ~30-100AU Age [Myr]
DuSt:(Submzsxmd & Williams 2005, Apd, 631, 1134)
e.g., Andrews illiams , Apd, : . .
Gas: FI O OO 12 AgA. 544, 76; Mathews+2010, 518, 127) Suggested that MIR IMDF is systematically JHK and MIR LMDF seem to
The entire disk (~0.1-100 AU/ gas+dust) disperse larger by ~3 times than JHK IMDF disperse almost simultaneously.
almost simultaneously (At<0.5Myr) (Data: MIR IMDF: mainly from Kennedy & Kenyon 2009, ibid:
_ MIR LMDF: mainly from Roccatagliata+2011, Apd, 733, 113;
* For Intermediate-mass stars (=z1.5Mo) JHK LMDF data: from Yasui+2009, Apd, 705, 54; Yasui+ 2010, Apd, 723, L133)
Qualitatively, suggested shorter disk lifetime
than low-mass stars
(Hernandez+2005, Apd, 707, 705; Kennedy & Kenyon 2009, Apd, 695, 1210)
Quantitative derivation is necessary
Motivation Discussion
Mass dependence of disk lifetime
could have a great impact on mechanism of
disk dispersal and planet formation . .
(e.., Gorti+2009, Apd, 705, 1257; Burkert & Ida 2007, Apd, 660, 845) Disk evolution sequence
Suggestions from comparison of JHK vs. MIR disk evolution
4+ IM stars (2—6Mo) 4+ LM stars (Mim<1Mo)
= Egm Rs R Rs R
Deflnltlon Of IMDF 0.3AU 25A|\gu10|0Au 0.1AU 5A6 100AU
IMDF= disk fraction for intermediate-mass stars Ha Ko MRy geomm r M'g* suomm
OMyr - s R g w*’"’:-.-v"":‘f"""" ..,.-
Mass range setting N
Set mass range as ~1.5-7Me 3Myr e Transition
*Pick up stars based on spectral types with cluster ages - \é‘\ disk phase
(PMS isochrone model from Siess+2000, A&A, 358, 593) f\l/l_ysr (At~3Myr) S Transition
Disk excess } disk phase
v JHK IMDF v MIR IMDF O e © ® (At<0.5Myr)
HAeBe stars have large H-K excess From MIR SED slope T 2 g /\ /\ Qg
J awR 2 ~2.2: widisk P < = = _ | S IM-stars may have
Spltzer IRAC (3.6-8um data) close-in planet? are strongly correlated . Iy . .
| both for IM and LM stars transition disk phase
—~ —————— K(e.g., Andrews & Williams 2005, Apd, 631, 1154)/ (Cf. For LM-stars s20%;
i F Muzerolle+2010, Apd, 708, 1107)
'|® HAeBe S
vl “ABA r (A=0.25) (AO)
. NIR K-band | | | Possible cause for the time-lag
< petar disk Possibility(® Disk dispersal Possibility@ Dust growth (settling)
&N |k : Different disk dispersal mechanism compared to  According to analytical calculation
o ’ : J. o | * low-mass stars? tgrow ™~ Zg/Zd'hd/Z'TK (e.g., Nakazawa+1981, Icarus, 45, 517)
8 1078 Q’% ey ¥ Inner disk edge ... determined by dust sublimation %: surface density
L \'/0\'/4/ % Not changed (In radiative equilibrium condition) Tk: Kepler orbital period o« r”3/2
_ - are | ; ¥ Inner disk dispersal ... mainly by accretion — Consistent with faster dust growth in inner disks
C . Not changed (Tracer (Ha) exist) However, difference between IM and LM inner disk evolution
-05 5 Sl sy v Ot dHk @ ronel e B f camnot be explaied
Separated reglon “A (um)” 11\1](; directly Il?glated - R 08 [T PO I Simply calculated t _grow appears much shorter

_ (e.g., a few 100 yr) than actually observed
— Seems u nllkely Additional processes are proposed (e.g., turbulence, two-layer disk model)
These processes may be less effective in IM-stars.



