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JWST is enabling 1-20 um moderate resolution
(R~2,700) spectroscopy of exoplanets
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JWST is enabling 1-20 um moderate resolution
(R~2,700) spectroscopy of exoplanets
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Spectroscopy of faint companions next to bright stars
requires extremely accurate modeling of the host star

NIRSpec IFU slices (~4 pum):
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Spectroscopy of faint companions next to bright stars
requires extremely accurate modeling of the host star

NIRSpec IFU slices (~4 pum):

K -760- HD 19467
Brown-dwarfs
ol
‘ — WW P e’ s T
VHS 1256 b e \““"““""g"*
$N
£+

Mass: ~12M,,, ~6M,,p ~14M,,, ~70M,,,
Flux ratio: ~2x10? ~6x10 ~10°2 ~104
Separation: ~7” ~3.3” ~1.7"” ~1.6”
ERS 1386 (PI: Hinkley) GO 2044 (PI: Hoch) GTO 1414 (PI: Perrin)

Miles+2023 Ruffio+(submitted) & Hoch+(in prep.)



JWST/NIRSpec includes an integral field spectrograph

Spectral cubes can be reconstructed from 2D detector images.

20007 NIRSpec Detector (NRS2)
1750 e

1500 - ma————

1000

Rows (pix)

250 + sevCOMmpanion
s area
0- . . . . Kielan Hoch
0 500 1000 1500 2000

Columns (pix)

Moving through wavelength axis



What is the main challenge?

The spectral cubes feature high level of systematics as a result of spatially undersampled IFUs
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Where do the oscillations come from?

The flux is periodically split between rows due to the curvatur
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Fitting the data in the “point cloud” can mitigate these oscillations

The point cloud & {x,y,A\;}; © Detector images

2000 -

Original 2000 A

Interpolated I

Spatial sampling of cut
1500 st s 1500 | e

0000000000
................
..................

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

°® ()
...................
........................
............................
ooooooooooooooooooooooo

e Hac B A O . B R 101

10004 | w1004 0| e

. °
ooooo
O A LA

1000 -

.........
............
....................
oooooooooooo
--------------
oooooooooooooooooooooo

y-axis (pix)
y-axis (pix)

|
|

ADec (as)

oooooo
....................
oooooooooooo
...................
ooooooooo
...............
ooooooooooooo
..............
ooooooooooooo
................
oooooooooooooooooooo
000000

500 ria S 500 -

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

0 . LS

0 500 1000 1500 2000

425 450 4.75 5.00 5
Wavelength (um)

N -

25 2 1 0 -1 -2
x-axis (pix)

m) |nterpolations come at a cost, so they should be used sparingly.



Combining dithers improves the spatial sampling
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Accurate PSF subtraction for JWST NIRSpec is possible!
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Atmospheric characterization of HD 19467 B is in progress

Best fit model is consistent with solar composition

—— NIRSpec IFU G395H
5 - —— NEW-ERA-PHOENIX: Teff=1103, logg=4.5, log10kzz=5.033

1018 W/m?2/um

3.0 3.5 4.0 4.5 5.0

A (um)

Hoch+(in prep.)



Fully forward modeling detector images is the best way to
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https://github.com/jruffio/breads
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The spectral information makes it easier to detect a companion!
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NIRSpec IFU can detect extremely faint companions

next to bright stars
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Planet-to-star flux ratio
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Based on these results, NIRSpec should enable the
direct detection and spectroscopy of Jupiter analogs
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