Spitzer follow-up of the young (transiting
Jupiter-sized) planet V1298 Tau b
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23 + 4 Myr KO-K1.5 star

2.865 + 0.012 day rotation period

David et al. 2019a



Galactic latitude (deg)

-6° T BE] T B v T
‘-.
P e
» -
-10° | i S !
.2
- -
X
: s
o N -~ g
‘ »
5
.
-20° | Sl -
g
A L]
-25° |
1 1 s 1
185° 180° 175° 170°

Galactic longitude (deg)

Group 29

Taurus-Auriga vicinity

Y (pc)

V (km/s)

60
50 |-
40 |
30 |
20 |
10 |

-10
-20

1

(a) |

EW 3
M
e

# -1

| | |

-300

-250

-200 -150 -100 -50

X (pc)

-10 |
~12 |
~14 |
~16 |

-18

-22 -20 -18 -16 -14 -12 -10 -8

U (km/s)

Z (pc)

W (km/s)

-250

-200 -150 -100 -50

X (pc)

-10 |

12 |

(e)

-14

-22 -20 -18 -16 -14 -12 -10 -8

U (km/s)

Z (pc)

-40
-50
-60
-70

-12

-14

(c)

" .\
¥ 7;:“ x
- AN .
L | | 1 1 1 1
-20-10 0 10 20 30 40 50 60
Y (pc)
P Taurus
- . Group 29
i | Y& V1298 Tau
. ¥*%
-18 =16 =14 =12 =10 -8 -6 -4
V (km/s) David+2019

Luhman et al. 2018, Oh et al. 2017



O | | | | | 1 | | | I I I I
5 ’ Taurus N T B Pic (24 Myr)
g . Group 29 [] — — Tuc-Hor (45 Myr) ||
4l . % % V1298 Tau | 3L —— Pleiades (112 Myr) |
6 — Q.,o s = 4 — =
° ¥.8 .
~ r ko O
) - % i ol — ) - -
g 8 3, E °
— (T .
2 10 . - E 6} -
X0 =
12 — o S - 7 — @ —
& ¢ .
14 | o8 7 8- \‘%: |
16 | - 9L € -
18 L1 l l l | 10 l l l | 1 ‘g 9
0.0 0.5 1.0 1.5 2.0 00 05 10 15 20 25 30 35 40
David+2019 G-Ggrp (Mmag) David+2019 Ggp-Ggrp (Mag)

Group 29

Taurus-Auriga vicinity

Luhman et al. 2018, Oh et al. 2017



100 : T I J !
10 b 3
»
>
©
=2
ge] 3 :
Q
o
& o
0.1} E
>3 o Pleiades (112 Myr)
e Upper Scorpius (5-10 Myr) ||
V1298 Tau
0.01 | ‘ ' '
0 4 6 8
David-+2019 (V-Ks)o (mag)

V1298 Tau

Group 29

10

log1o(L/Le)

Probability density

-0.8

o anl and aul el
ONADNOONAD®

0.9
David+2019

| 1 1
3.74 3.72 3.70

| I I N I N N |

10 11 12 13 1
Mass (Mg)

|
3.68

|Og 10(Teff/K)

Probability density

CO000LO0O

A

|
3.66

|
3.64 3.62

3.60

16 T ! | ,

14 0 Magnetic
12 [ Standard _]
10 |
08 7
.06 7]
.04 7]
.02 7]
00 ' '

0 20 30 40 50
Age (Myr)

David et al. 2019a



[ ]
1.03 F °
.0
102} . *%e.e,
o® d
o’...
101 '_Q. 1 1
11.0 112
1.000 o’
o.oo‘.
0.995
[
0.990 .
J..‘|... 1
35.4 35.6
o0,
[ [ ]
. g
1.020 o*
[ ]
...
[ ]
1.015 Le L L
48 4 48 6
0.9775 | o
[ ]
0.9750 B ..'
| ° 000.
0.9725 . ‘...,.,.l .
61.0 61.2 61.4

1.01

1.00

1.010

1.005

0.99

0.98

0.975

0.970

66.6

Stellar flares(?

Found by manual inspection

1.005

1.000

1.0225

1.0200

1.0175

1.025

1.020

1.01
1.00
0.99

1.02 |

101

1.005

1.000

102 ¢

101

1.00 E

Should be masked or explicitly modeled



Relative flux [ppt]
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Four young planets
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Four young planets

8.2,12.4,24.1, and 42-120 day orbital periods

David et al. 2019b



1.040

1.020
pas
o)
&= 1.000
()
2
©
© 0.980
o
0.960
0.940
David+2019

Rp = 0.9 + 0.05 Ryup

[ 1.02 1.01 1.02
[ 1.01 ’ Y 1.00 A o /
F 1.00 E 0.99 .//- | /
-0.99 - 0.98 g - 1.00 .
0 10 20 30 40 50 60 70
Time from start of campaign (days)

24.1 day orbital period

David et al. 2019a




First transit Second transit Third transit All transits

1.002
1.000
0.998
0.996
0.994
0.992

Relative flux

0.004
0.002
0.000
-0.002
-0.004

Residuals

David+2019 Time from mid-transit (hours)

RP = 0.9 e 0.05 RJUP

24.1 day orbital period

David et al. 2019a



Radial velocity (m/s)

_800 | | | |
0.0 0.2 0.4 0.6 0.8 1.0
_ Orbital phase
David+2019a
MP - 8.3 Mjup
Keck/HIRES

David et al. 2019a



1000

MPIanet
% 90 5 O e 1.0 My
£ 500- — 2.3 My
%
5 250 -
+
> 0
i
£ -250 - 5
: . °
c%, —500 =
M _750 | V1298 Tau
Y-band data =
-1000 . . L
-0.50 -0.25 0.00 0.25

Beichman+2019

Orbital phase

MP - 2.2 Mjup

Subaruw/IRD

0.50

Beichman et al. 2019



HO]

1009

flux

099

5.8 =9 6.0 .1 6.7
time (BID) +2.45863e€6

Spitzer follow-up

IRAC2 (4.5 ym), Program ID 14227 (P.I. Mamajek)

Livingston et al. (in preparation)
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Spitzer systematics

Induced by pointing jitter + intra-pixel gain variations

Slow drift + 40-minute battery heater cycle + ???
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Spitzer systematics

Induced by pointing jitter + intra-pixel gain variations

Slow drift + 40-minute battery heater cycle + ??2?



Normalized pixel hght curves

Form a basis set for PLD

Livingston et al. (in preparation)
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Systematics model

Pixel-level decorrelation systematics model (PLD; Deming et al. 2015)

Livingston et al. (in preparation)



Pl.D demo

Transit and systematics parameters fit simultaneously

(different dataset)
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(Fit jointly with K2 data, Fits 1 & 2 from David+2019)
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Assuming solar metallicity and clear H atmosphere

Livingston et al. (in preparation)
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Assuming spot coverage fraction = 50% and spot temperature contrast ratio = 0.8
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Separate the kernels

Rotation kernel sees only out-of-transit data, Matern-3/2 kernel sees only in-transit kernel

Livingston et al. (in preparation)
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Young planets have much to teach us!

Transiting planets are a window into photo-evaporation

David et al. (2019b)



