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SPIROUFANTASIO
Where is the Water? ||

Jupiter-like C/H but fT—_
strong H,O depletion \ ,

found on t B_qo b
fvel
S 3\\\



Ahhh, Spirou, wake up!
We're going to be late
to our class on giant
planet formationl!




A few moments later...

After hydrogen and helium,
oxygen and carbon are the
two most abundant elements
in The universe.




Unfortunately, constraining
both the O and C budget of
giant planets can be very

challenging, leaving us with
many unanswered questions.
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CFHT (3.6m) h

You hear that Spirou? No time to
waste, let's get to work and try to
find carbon and oxygen-based
molecules on hot Jupiters!

I think I know just the
instrument for this...
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Exposure #

But first, we have to Reducing the Data
clean-up the datal Detector Pixels

3000

Huh? So the planet
signal is hidden

somewhere in here??

165 166 167 168 1.69
Wavelength [um]



The Adventure Continues...

Now with the data
free of stellar and
tellurics contamination,
we can search for
water on T Boo b.




. 2.33
Wavelength [um]

We use the SCARLET
framework to generate
atmospheric models of T Boo b.

I LOVE THAT

& @C{:rzna ’
d- =

2 for i in range( ):
print( Atmospheres, Atmospheres! Do I look...")




Cross-Correlation
Search for Water @

Huh??? No water at the
known planet location?!?
That's unexpected!

H,0 Model

7z,

H,0

~75 =50 =25 0

Vsys [km/s]

25

50

75



Cross-Correlation
Search for CO ®

But wait, look!
There seems to be

CO absorption! , !Q 150 f

100F
. \‘S

‘M 75F

CO but nOT Hzo onrt

the opposite!

175F

50F

Boo b??? I expected !

CO Model

75 —-50 -25 0 25 50 75
Vsys [km/s]
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Well?? What do you
make of the CO?
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What about other Molecules?
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log(Pc) log(NH3)log(C2H2)log(TiO) log(HCN)10g(CO3)l0g(CHa4) log(CO)
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Full Retrieval Results

CO ~b times solar
H,O <0.007 times solar

No other molecules
Relatively cloud-free

b_' P8 Parameter Value
‘ \ 2 S VMR log(CO —2.46+025
SO VMR log(H. < —5.66 (30 upper limit)
) VMR log(CH4 < —3.78 (30 upper limit)
" ‘ L"‘ “- — VMR log(CO < —3.99 (30 upper limit)
ﬁ..i VMR Ig(HCN) <537 (30 upper it
m m ﬁ rﬂ n VMR log(TiO) < —17.54 (30 upper limit)
' VMR log(C2H>) < —4.88 (30 upper limit)
i ‘ VMR log(NHs3) < —6.10 (30 upper limit)
[ “ ’I ] ’!I A Cloud-Top Pressure (P.) > 0.26bar (30 lower limit)
B_l g_lg_l@_l @ Ig “ Scaling Parameter (a) 1.04 +£0.03
Keplerian Velocity (Kp) 109.2 + 0.4kms™*
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Systemic Velocity (Vays) —15.44+0.2kms™*
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1. 10
Elemental Abundance Relative to Solar

C/H Inference

T Boo b's C/H ratio
is ~3-10 times solar
and consistent with
the value of Jupiter.
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C/0 Inference

T Boo b €/0 ratio
Gas-phase: ~1
Envelope: >0.6
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T Boo b in Context

HD 189733b, HD 209458b,
and 7 Boo b all seem to follow

a trend of elevated CO and
depleted H,O abundances.

C/O =0.54

$ This work
$® Pinhas et al. 2019
Welbanks et al. 2019

Water Abundance
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Gandhi et al. 2019
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Link to Planet Formation

~ | -
The combination of a super-solar C/O
ratio AND a super-solar metallicity
most likely indicates a formation
scenario further out in the disk,
possibly due to pebble drift, followed |
by disk-free migration. 7RG




Summary

W™ 1 unow A

TR/ MAGAZITITINE THAT
» Super-solar abundance of CO found B - UbE BAYE e

% W HAPPY w "
on T Boo b using SPIRou \ i (y |

» Depletion of H,0, the consequence of

a super-solar C/O ratio (NOT a low
metallicity)

» Favored formation mechanism: gas
accretion beyond the iceline + disk-
free migration Image Credits: Spirou Comics




