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WASP-121b
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WASP-121b

Thermal Emission Spectra
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TiO/VO

Presence of gaseous TiO/VO = inverted profiles
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Thermal Emission Spectra

0.001

0.01

0.1

P (bar)

1.0F
10F

100 F

1000 E

Inverted Thermal

Profile

1000 1500 2000

T (K)

2300

TiO/VO

3000

P (bar)

High-Res Spectroscopy

0.001

Non-Inverted

0.01 Thermal Profile

10F

100

1000E . . . Ll L
1000 1500 2000 2500 3000
T (K)

ol s

Condensed out TiO/VO




TiO/VO

0.001

0.01

0.1

1.0

P (bar)

10

100

1000E .
1000

Thermal Emission Spectra

T T

Profile

Inverted Thermal

A5bOl - EOBOI . 5550. |
T (K)
® 0\.’ ﬂ."'
TiO/VO

3000

’Q_k.»'*.

Partial TiO/VO Depletion

P (bar)

0.001

0.01

0.1

1.0

100

1000E .
1000

High-Res Spectroscopy

Non-Inverted
Thermal Profile

1500 2000 2500 3000
T (K)

at” s

Condensed out TiO/VO P



TiO/VO

1000E . . .

Thermal Emission Spectra High-Res Spectroscopy
0.001F R 0.001 l | | | | L
Non-Inverted
001F 0.01 Thermal Profile
Inverted Thermal :
0.1F Profile ] -

thermal profile with emission features?

1 OOO P S S I S S | TR SR TR R S T

1000

1500 2000 2500 3000 1000 1500 2000 2500 3000

T (K) T (K

TiO/VO Partial TiO/VO Depletion Condensed out TiO/VO .



We simulate disequilibrium chemistry in WASP-121b’s atmosphere through
Global Circulation Models (GCMs): MITgcm (dynamics), Marley & McKay
(radiative transfer) & gCMCRT (post-processing). Avoid biases inherent to 1D
analyses (Feng+20)

How do we simulate TiO depletion? Input opacity tables with reduced TiO/VO
(wrt chemical equilibrium)

Solar Equilibrium Supersolar (10x [Fe/H],,

1.5% C/0,) Equilibrium
DS E 0%, 0.2%, 1%, 2%, 10%, 20%, 0%, 0.2%, 1%, 2%, 10%, 20%,
TiO & VO 100% [TiOlq 100% [TiOl.q
0L 0%, 0.2%, 1%, 2%, 10%, 20%, 0%, 0.2%, 1%, 2%, 10%, 20%,
TiO 100% [TiO]eq 100% [TiO]eq

_11_



We simulate disequilibrium chemistry in WASP-121b’s atmosphere through
Global Circulation Models (GCMs): MITgcm (dynamics), Marley & McKay
(radiative transfer) & gCMCRT (post-processing). Avoid biases inherent to 1D
analyses (Feng+20)

How do we simulate TiO depletion? Input opacity tables with reduced TiO/VO
(wrt chemical equilibrium)

Deplete DO 0%, 0.2%, 1%, 2%, 10%, 20% 0%, 0.2%, 1%, 2%, 10%, 20%,
D & VO 00% [TiO],, 100% [TiOl,

JILERIEER 0%, 0.2%, 1%, 2%, 10%, 20%, | 0%, 0.2%, 1%, 2%, 10%, 20%,
0 100% [TiOl,, 100% [TiOl,,
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PT Profiles

Pressure [Bars]

1075F

10—4 B

1073 B

._.
1)
4

i
o
i

100F

101 B

102 B

— 0.2% [TiOlo ¢
—— 0% [TiO]e

Fe-driven
Inversion

TiO-driven
Inversion 1

20% [TiOJo
10% [TiOlo
2% [TiOlo
1% [TiOlo

500

1000 1500 2000 2500 3000 _ 3500 _ 4000
Temperature [K]

Dayside solar models confirm theoretical
predictions:

« As[TiO] decreases from equilibrium, thermal
profiles get progressively non-inverted
(between 1-100 mbar)

« An inversion threshold occurs at ~3.5%
[TiO],
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Emission Spectra

Wavellength [um]zl ; .

Fo/F. (ppm)

JWST NIRISS obs. (Pelletier, 2025)
JWST NIRSpec obs. (Evans-Soma, 2025) H,0 co H,0

[TiOle

 —— 20% [TiO] o

H-

Chi-Square: 2783

(Data-Model)/Data

/ -~
20% [TiOl o R LIRI
. .
..‘ . ".' v‘f' L)

Wavelength [um]

o
n *’yﬂ¢+ Nightside




Emission Spectra
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Emission Spectra
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Emission Spectra
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Emission Spectra
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Emission Spectra
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Solar Models:

- Best-fit (x2): 10%
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WASP-121b | TiO/VO | Methods | PT Profiles | Emission Spectra | Conclusions

We present a suite of 3D GCMs studying TiO/VO depletion effects in WASP-121b:

- TiO/VO depletion turns thermal profiles non-inverted, with transition at 3%
[TiOl., for solar equilibrium chemistry

- TiO partial depletion is preferred for all chemical equilibria (VO depletion a
secondary factor)

« Metallicity and C/0 equilibrium alter substantially the [TiO]-inversion
strength relation = Highly depleted supersolar case favored

Future work:
 Active dynamic modeling of [TiO] abundances through tracers

« Further exploration of metallicity and C/O parameter space

* Modeling of clouds!
_16_
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BONUS: Fortney Absorption Spectra
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BONUS: Solar T-Maps
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BONUS: 3D Projected layer
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BONUS: Solar Mean Zonal Winds
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BONUS: TiO/H20 Metric (1)
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BONUS: TiO/H20 Metric (2)

Inversion Transition Contours for TiO Disequilibrium
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BONUS: Water Feature Strength

0.00

I I I
© o o
o o o
o N N

I
o
o
0

Water Feature Strength (Su,0)

—0.10F

* 0

——— WASP-121b's Sy,0 w/ HST *10
—— WASP-121b's Sy,0 W/ JWST 10

Models w/ Solar [Fe/H] & C/O

¢ Models w/ SuperSolar [Fe/H] & C/O
M | n n n — n

109

~it
[TiO] (in % wrt [TiOleq)



	Slide 1
	Slide 3
	Slide 5
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 47
	Slide 49
	Slide 50
	Slide 51: BONUS: Fortney Absorption Spectra
	Slide 52: BONUS: Solar T-Maps
	Slide 53
	Slide 54: BONUS: Solar Mean Zonal Winds
	Slide 55: BONUS: TiO/H2O Metric (1)
	Slide 56: BONUS: TiO/H2O Metric (2)
	Slide 57: BONUS: Water Feature Strength

