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M dwarfs
L dwarfs
T dwarfs
Blﬂ(‘kf‘.n‘lﬂy

Exo-NEM
cloudless

cloud,
cloud,
cloud,
cloud,
cloud,

0g(g)=5.0
09(q)=4.5
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M dwarfs
L dwarfs
T dwarfs
Blﬂ(‘kf‘.n‘lﬂy

Exo-NEM
cloudless

cloud,
cloud,
cloud,
cloud,
cloud,

0g(g)=5.0
09(q)=4.5
0algi=4.0
uylygi—3.5
0g(g1=3.0

fsed = 0.5
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fsed = 0.3

M dwarfs
L dwarfs
T dwarfs
Blﬂ(‘kf‘.n‘lﬂy

Exo-NEM
cloudless

cloud, '0g9(q)=5.0
cloud, 09(ql=4.5
cloud, '0g(gi=4.0
cloud, 'oglgi—3.5
cloud, '0g(g)=3.0
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- Modelling of HR spectra

More major updates

Interior linkage

- Link this atmosphere model to an interior
model (Exoris)

- Gives a physically coherent radius to each
gridppoint, to be used in forward modelling
when diluting the model spectra

[see Wilkinson et al. 2024 for details]

~ Alice Radcliffe
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® Modelling of HR spectra

More major updates

Interior linkage Updated line lists

- Link this atmosphere model to an interior - Choice of line list can change the model drastically

model (Exoris) PRy - All of the line lists in Exo-REM were revisited

- Gives a physically coherent radius to each | - The Alkalines have been switched to use line lists
gridppoint, to be used in forward modelling | validated by experiment, leading to major
when diluting the model spectra difference in the continuum around 1 micron
' (more absorption in line wings than before)

2 10°13

’ = ---- Na, Burrows ---- K, Burrows
10_14 3 E
—— Na, Allard 3 — K, Allard
10715 5 ]
|
10_21 T T I\ T II T T
0.5 0.6 0.7 0.8 0.6 0.8 1.0 1.2

[see Wilkinson et al. 2024 for details] : T —

10716
10—17 -

o [m2/mol]

10718 4
10719 4

/
10—20 i /,’
’
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1020 1040
Wavelenah [nm]

What HR spectra bring to the table

102

10t

= 100
X 1071
102

1073
Wavelength (micron)

Constraint on shape & depth of absorption lines

v Chemical composition of atmosphere

v C/O
v Metallicity

v log(g)
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1020 1040
Wavelenah [nm]

What HR spectra bring to the table

102

10t

= 100
X 1071
102

1073
Wavelength (micron)

Constraint on shape & depth of absorption lines

v Chemical composition of atmosphere

v C/O
v Metallicity

v log(g)

Modelling of HR spectra
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Modelling of HR spectr’é

L A A A A A e 1 - - - k
1000 1020 1040 1060
Wavelengh [am]_

What HR spectra bring to the table

102

101 4

100 4

10-1 4

Flux,[Wm~2um™1]

1072 5

— log(g) = 3.0
log(g) = 5.0

1073

Wavelength (micron)

Constraint on shape & depth of absorption lines

v Chemical composition of atmosphere

v C/O
v Metallicity

v log(g)

Alice Radcliffe

What photometric points bring to the table

1015 4 — e RIM | = D12 K leglgl = A2 [Fe'H] =002 QO = UL R = 104 R

c - ']:; r

£ 10 7

o

j=

5 107

=

w ]

1 2 3 4 5 6 7 8 910 15
Wavelengths (pm)

v Effective temperature

v  Radius




Modelling of HR spectr’é

T

T

2.0

What photometric points bring to the table

1.5
V. L A A 4 A - 1 A - 10~ —_— D REM I =512 K eQlgl = 12 [Fe'H] =002, GO =0 R = 1.U4 R
1000 1020 1040 1060
_ Waveleng:h [nm] _ ~ ‘
é‘ . \Nw/‘ /
p | E
What HR spectra bring to the table £,
102 - v v - ——rr _.4
10
10" 4
= 1 2 3 a 5 6 7 8 910 15
N§ 10° 4 Wavelengths (pm)
g
107 v Effective temperature
1072 4 .
I v Radius
log(g) = 5.0
1073 T

VIVaveIIengthl (micéon)
Constraint on shape & depth of absorption lines
— Optimum scenario:

v Chemical composition of atmosphere

j ;gamdty - combination of low- and

v log(g) high-resolution
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W @ Modelling of HR spectra

Medium

R~10000/ \R=200000

1-250 um 0.9-28 um = 0.9-6 um

VLT/SPHERE, HiCIAO, JWST/MIRI JWST/MIRI, JWST/NIRSpec, ESO/SINFONI VLT/CRIRES, VLT/HIRISE

= Self consistent set of models that only differ from one another in resolution
and wavelength coverage

~ Alice Radcliffe w ‘ e 78



‘ | I\/I.bdeHing of HR sp'ectr'é

Low-res simulated
' spectra

~ Alice Radcliffe
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‘ | I\/I.bdeHing of HR spectr'é

v

| Aerosol
abundances

Low-res simulated
' spectra

\4

Atmospheric species
VMR profiles

~ Alice Radcliffe
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Modelling of HR spectra

J. Leconte

Aerosol
abundances

Low-res simulated
| spectra

Atmospheric species
VMR profiles
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Modelling of HR spectra

J. Leconte

Aerosol
abundances

CIA data |

Low-res simulated
' spectra | | High-res

X section data

Atmospheric species
VMR profiles

~ Alice Radcliffe

82



Modelling of HR spectra

J. Leconte

Aerosol

abundances

Low-res simulated
| spectra

CIA data |

High-res

X section data

Atmospheric species
VMR profiles

Radiative

" ..transfer

: '(Liné—by—/ine) |

> -

Simulated spectra
at R =10°

~ Alice Radcliffe
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Modelling of HR spectra

J. Leconte

Radiative

" . transfer Simulated spectra
—— — | - _ 106
' (Line-by-line) atR = 10
Acress] _ | ' Downgrade

abundances resolution

CIA data |

Low-res simulated
| spectra | | High-res

X section data

High-resolution

Atmospheric species : |
simulated spectra

VMR profiles

at R =200 000, from
1-6pum
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@  Modelling ofHRsp'e_c’trié

10° 1

Terr = 1300K, log(g)=5.0, [Fe/H]=1.0, C/0=0.55, Feeq = 9
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Modelling of HR spectrs

109
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@  Modelling ofHRsp'e_c’trié

10° 1

Terr = 1300K, log(g)=5.0, [Fe/H]=1.0, C/0=0.55, Feeq = 9

| Low-Res (R = 500)
~— High-Res (R = 200K)

105 - r ..H I”KJ ;

WI

H..
o -
=

Flux (Wm—2um™1) -
)

=
o
~N

10!

109

1 g 3 5 'd"‘s 6

. . - Wavelength (um)
Alice Radcliffe ‘ : :



‘ ' I\/IbdeHing of HR spec:tr’é

Terr = 1300K, log(g)=5.0, [Fe/H]=1.0, C/O=0.55, Fseqg = 9

10°
Low-Res (R = 500)
High-Res (R = 200K),
downgraded
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® Modelling of HR spectra

Terr = 1300K, log(g)=5.0, [Fe/H]=1.0, C/O=0.55, Fseq = 9

10°

Low-Res (R = 500)

High-Res (R = 200K),
downgraded

105 4

104 4

103 4

Flux (Wm™2um~1) -

101 4

100 3

1 b g VU 5

‘ - Wavelength (um)
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R = 200 000

— data - star
—— planet model|

1.670 1.672
wavelength (um)

— ccf
- acf
Reterence tiners

T

-

I R Ve

|
N
I

-20C =100 0 ] 300 -300 =200 -1CC 0 100 200 300
RV (km/s) RV (<m/s)

Denis et al. 2025
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— ccf
— Cf

Reterence tioers

-300 =200

-100
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RV [km/s)

— data - star
—— planet model|

1.670 1.672
wavelength (um)

-20C =100 0 1 -200 -1C0C
RV (km/s)

Alice Radcliffe




‘. | Applicativons-'
GJ504b

' SPHERE
' : HICIAQ
' ' i LMIRCam
" MIRI

-J
L

o

9}

Flux [W m~—2um~1]
F =Y
o]
e I

3l
.ZJI L2 i
1 | g |
4 - 3 [l=x - gl 2 Gyrochronology and
1 2wl ARTE L 6 e 780100 s % chromospheric
| e e NG : activity Kuzuharaetal. 2013
160 5 Myr ———» M, = 4.0+4-5M Jup |
Interferom_etry .............. Gas giant
radius measurement
+ isochrones } Brown dwarf

Bonnefoy et al. 2018

= Degeheracy in age and therefore mass of GJ 504b
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Applications
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Applications

+ interior linkage....
(Aka link radius)
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Applications

Te' () = 478 38413 %

L wogigl (dax) = 4.05%043

Two Solutions
e High log(g) solution —> Brown dwarf

* Low log(g) solution —> Gas giant
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A

Medium

VHS-1256b _
® NIRSpec+MRS/JWST medium 2
R~ 10000

& 3‘ resolution (Miles et al. 2024)
O 3 |

3 o Very red

® Evidence of optically thick cloud
cover -

Miles et al. (2024)
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D

— Best fity, Petrus et al. (2024)

— EeSt ft”indcws

Normalized log(F;) + offset

— Data R , —— Data
. Best fit:, i h — Best fity

— E’C'Stftmndcws bn| —— Best mmnccns

A
v
vl
by
o
+
W
o
2
e
v
N
™
=
—
o
=

None of the currently
available models fit the
silicate absorption

..
Best Fitam

e BOST FIt ineone

Normalized log(F,) + offset

10 12 6 10 12
Wavelength (pm) Wavelength (pm)

Alice Radcliffe | : 102



® ~ Applications
VHS-1256b

— Data
— Best T’itfun
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—  Best fitw ndows
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® ~ Applications
VHS-1256b

New fit | o

—— Spectroscopic data
~——— Spectroscopic model

— Data
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® ~ Applications
VHS-1256b

New fit | o

— Spectroscopic data
——— Spectroscopic model

i
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— Data
— Best T’itfuu
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—=
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—  Best fitw ndows

-
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— f..q parameter crucial to fitting certain objects
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Conclusions

I

Medium
R~15000/ \R=200000

1-250 um 0.9-28 ym . 0.9-6 um
VLT/SPHERE, HICIAO, JWST/MIRI  JWST/MIRI, JWST/NIRSpec, ESO/SINFONI VLT/CRIRES, VLT/HIRISE

v Revisited isotopologue abundances B —

—— Na, Allard — K, Allard

v Updated line lists

o [m2/mol]

Y Interior linkage

V.t  parameter
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Conclusions:

Thank you for listening!

- Contact me: alice.radcliffe@obspm.fr

"HR_grids” ~
“medres_g rid”'

"YG P_grids_updated”

@

Access to the new grids:
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- Data from NIRSpec ===+ Data from MIRI
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- Data from NIRSpec ===+ Data from MIRI
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- Data from NIRSpec ===+ Data from MIRI
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- Data from NIRSpec ===+ Data from MIRI
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- Data from NIRSpec ===+ Data from MIRI /\

R =200 000
? Medium
g R~ 10000

7.5 10.0 12.5
Wavelength (um)
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- Data from NIRSpec ===+ Data from MIRI /\

R =200 000
? Medium
g R~ 10000

7.5 10.0 12.5
Wavelength (um)
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