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=MS stars mred giants

(Burkert+lda’07,Currie’09)



=MS stars mred giants
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' close-in planets may not be
(Burkert+Ida’07,Currie’09) formed around IM stars



snow line

nif the disk lifetime is shorter...

o

(Burkert+lda’07,Currie’09)

| the disk lifetime is important |
| for the distribution of planets |




dispersal of protoplanetary disks
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dispersal of protoplanetary disks

XUV photons / /

> M 4 —— Macc
accretion —
[ a—
» photoevaporation rate (Mpg) is
:t < important for the disk lifetime
—> higher Lxuv (X-ray and UV luminosity) and

then higher Mpe can make the disk
lifetime shorter




disk lifetime around IM stars — Observation
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the disk lifetime of IM stars is

shorter than that of low-mass
stars by Near-IR observation
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disk lifetime around IM stars — Theory

= Gorti et al. (2009): calculated the disk evolution including X, EUV & FUV
— “the disk lifetime almost constant from low-mass to IM stars”
—inconsistent with observed feature
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disk lifetime around IM stars — Theory

= Gorti et al. (2009): calculated the disk evolution including X, EUV & FUV
— “the disk lifetime almost constant from low-mass to IM stars”
—inconsistent with observed feature

mcause: small and constant Leyy, Lx
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aim of this study

MS _ o | 2Mo on Hayashi track
no convective | = fully convective
envelope ) .
O . “X-ray saturation”
Lx~107 Ly : | Lx~1035 Ly

l0g Teff

on Henyey track
radiative core develops

Lx~10° Ly

—>L>< and then MPE can be very Iarge at flrst and evolve

mvestlgate he |m|oact of the evolutlon of L><

on the P.E. rate and the disk evolution



method

Paxton+’11)
/11. stellar evolution: MESA \

/

log Li[Lg,p]

3

25 1
o |
1.5
1t
05 f
ot
-0.5
R
-1.5

|

43 42 41 4 39 38 37 36 35
log T «[K]

disks w/ inner-holes

.I_*(t), Mconv(t) -M*:O.S'SMQ
\-t:O: birthline Benrend+Maeder'01)
/2. P.E. model

full disk
XUV photons // '
S — iccretlon

X: Owen+’12

k EUV: Hollenbach+'94

=;;—

X: Owen+'12
EUV: Alexander+'06

nQpyy=1041 [1/s] \

m| x is calculated using
I_* aﬂd Mconv tO

reproduce “saturation”
relation
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minitial surface-density profile © self-similar solution, r1=10AU
sfrom the observed relation, Md,ini«My, <My (from M=«My2and Ly=Mx2)

(Williams+Cieza’11, Calvet+’'04, Muzerolle+’'05) /




Result: example of the disk evolution around 1Me
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Result: example of the disk evolution around 1Me
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Result: example of the disk evolution around 3Me
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» after leaving the Hayashi track, Lx becomes smaller
» at last, the dominant source of P.E. is changed to EUV



Result: example of the disk evolution

10°
10° |
10% |
103 i
10° |
10" |
100 i

K~10cm?2/g

Nakagawa & Miyake (1993)

Wavelength

detection limit:

10"
1072 |
103 |

Surface Density [g/cm2]

0.1g/cm?

4
10
1072

10_1 100 10'° 10" 10'* 10"
F[AU] Frequency (Hz)

icm imm 100um 1 0um 1m

10
10 ’[ ettt ettt etmtbtstthettdbstidhtasssed = 100M

10"

Near-IR emitting region

we define disk litetime as “the surface density in the
NIR emitting region falls below the detection limit’




lifetime [Myr]

Result: the disk lifetime as a function of My

sLx=const. with time Lx=103"Ly, Lx=2Lo(Mx/Mo)?
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lifetime [Myr]

Result: the disk lifetime as a function of My

sLyx=const. with time Lx=1035Ly, Lx=2Lo(Mux/Mo)2 * Maiskin=0.TMx
¢ =103 xX(Mx/Mo)

- qelfthe Lxincreases with My, the
e | disk lifetime decreases with My
N A R B R I R contrary to Gorti et al. (2009)
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lifetime [Myr]

Result: the disk lifetime as a function of My

sLyx=const. with time Lx=1035Ly, Lx=2Lo(Mux/Mo)2 * Maiskin=0.TMx
mlx=Lx(t) ® 0=103x(Mux/Mo)

_J ®ltthe Lx increases with My, the

- e | disk lifetime decreases with My
S S contrary to Gorti et al. (2009)

| e However, the evolution of Lx
makes the disk lifetime longer on
the high-mass side
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lifetime [Myr]

Result: the disk lifetime as a function of My

sLyx=const. with time Lx=1035Ly, Lyx=2Lo(Mx/Mo)2 * Mdiskini=0.TMx

0.1

mlx=Lx(t)

X
the durahon of
Hayash|track A
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e a=103 x(Mx/Mo)

| ®|f the Lx increases with My, the

disk lifetime decreases with My
contrary to Gorti et al. (2009)

1 e However, the evolution of Lx

makes the disk lifetime longer on
the high-mass side

{ ethis increase is caused by leaving

the Hayashi track
e the large Lx at the beginning does
not play an important role




lifetime [Myr]

Discussion: dependence on the initial disk mass

01— ——% | a=1x10%xMy
N e o
N~ / /01M | mthe disk lifetime of 2-4Me stars can
/] be sensitive to the initial condition
TP T~ 1 mthe qualitative behavior is not
 inital disk mass=0.050 | hanged
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DIScUSSsIonN:

Kun/tomo GU///ot & Ida (in ,ore,o )

w/ extra heat(O 01) ——

cold acc
1Msun
0.8Msun
0.5Msun
0.3Msun

PMS evolution

..............................................................................................

red& green: w/ accretion & extra heat
w/ extra heat ({:OO], ()5)

liblue: w accretion & w/o extra heat
|iblack lines: non-accreting model

Ladd= EGMM/R

- the efficiency of the energy injection into the star by the
\ 1accreting material can change the evolution track largely

top of the
Hayashl track

0.1

Host star’s mass [Msun]

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

mif the disk evolution is calculated from
the top of the Hayashi track,

the lifetime can become shorter by the
initial larger Lx and the loner Hayashi
track duration

mhowever, again the qualitative behavior
IS not changed
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The distribution of planets around IM stars may be affected by the disk
ifetime.

We investigated the disk litetime around IMs including the

photoevaporation by X-rays and EUV photons.

In particular, we focused on the eftect of Lx evolution.
As a result, we find

® the dominant source of P.E. can be changed to UV around IM stars
® the disk lifetime around IM stars can increase by the evolution of Lx
® only the evolution of Lx may not explain the observed disk lifetime

future work:

® including another effect (e.g., FUV P.E.) would be needed especially for
the high-mass stars




Supplement slides
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Lx = max (10_3'5L* (

Lx = max (10_3'5L* (

before ZAMS

after ZAMS



mass |loss profile by photoevaporation

>x[g/s cm?]

éblue: w/ inner hole @10AU
:Owen et al. (2012) (both)

EUV

>euv[g/s cm?]

éblue: w/ inner hole @10AU
:Hollenbach+(1994), Alexander+(2006)



I h = 0.05 AU (1 ;U)

hole

edirect PE. EUV: Alexander+'06, X: Owen+'12

®Rhoe: the radius where T=0No=0fnodr=1  (for EUV, 1=4.61)
» Oeuv=6.3%x10-8cm?, ox=10-22cm?

oif Rnole>rg, we change the photoevaporation rate into direct P.E.



Discussion: comparison with olbservation
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min the case Mdiskini = 0. 1My, if the most of observed objects are lighter than

3Mo, only X-ray P.E. can explain the observed feature. However, it is not
promising.
sFUV is needed
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