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 Introducing Henrietta

. ° A near—lnfrared (NIR) spectrograph to be deployed at the 1 -m Swope
o TeIescope at Las Campanas Observatory L o

. _5 To survey the moIecuIar content of exoplanet atmospheres usmg o

transm|SS|on/em|SS|on spectroscopy at near photon I|m|ted preusron

i ° F|rst Ilght |n August of 2()22



Why a 1-meter telescope?

1200 W FFls
| 2-min

1000

800

600

400

v
p—
T,
-
-
o
le -
o
—
T,
o
=
S
—

200 |
=

8 10 12
TESS magnitude

Barclay et. al 2018



-3 Henrietta Swope L0




i N|ck Konldarls ' :
i - Staff.Scientist @ Carnegle Obs.." -
e lnstrument Co Lead/Lead PI

Tyson Hare
Semor Englneer @ Carnegie Obs
Lead Engineer

. Jason W|II|ams B
' 'Instrument Lead/Co PI

Johanna Teske
Staff Scientist @ Carnegle EPL
Co-PI



* Field of view: 25’ x 3’ , long-slit and multi-object

| nStru me nt I—ayO Ut dln d * Wavelength range: .6 — 1.2umor 1.2 — 2.4um

Specs

Guider

via interchangeable grism
e Resolution: ~ 200 at center of both spectrums

1:2 Splitter
/ Phase Calibration

Lyot stop

Diffuser (stage)

Dewar Window
Slit Mask (wheel)
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SLIT LOSS

Atmospheric seeing and atmospheric refraction
causes the amount of light across the slit to vary

SCINTILLATION |

throughout the night, which appears as noise.

Q NIR SKY EMISSION

Spatio-temporal variations in the near-infrared
sky emission couple to scattered light within
the instrument, appearing as noise.

DIFFERENTIAL
EXTINCTION

To second-order, atmospheric absorption
depends on the color index. Therefore,
wavelength dependent systematics can occur if
target star and comparison star have different
spectral types.

Scintillation occurs because turbulence in our
atmosphere deflects light in to and out of our
telescope randomly.

INTRA-PIXEL QE ﬂ
VARIATION

HAWAII-2RG (H2RG) infrared detectors have
quantum efficiency variations down to 1/32"
of a pixel. This can’t be removed by a flat-field
and when it couples to telescope jitter it
causes a time-dependent noise.

Template Credit:
PresentationGo



Exoatmosphere observations require high S/N
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Strategies to increase SNR

Remove Remove
Noise Add more systematics
photons:

Time Spectral Combining
binning binning transits




Noise budget

Assuming a spectrally flat star, binned to R = 70
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Scintillation is responsible for the ‘twinkling’
effect we see every night.

gifs.com

Vid credit:
Youtube.com/Flattermanlsland


https://Youtube.com/FlattermanIsland

For small apertures, scintillation is wavelength dependent!

Example Turbulence Profile at ESO Paranal
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On large telescopes, scintillation noise decreases and becomes achromatic

Example Turbulence Profile at ESO Paranal
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HAWAII-2RG detectors have intra (sub) pixel
sensitivity that can’t be removed by flat-fielding
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An in-focused PSF, when coupled with telescope pointing jitter, creates time-varying noise.
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Solution 1: Diffuse the point spread function
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~ Solution 2: Characterize the detector

1:2 Splitter
Stable | Calibration

Fiber Laser System

Lyot stop

Diffuser (stage)
Dewar Window

Slit Mask (wheel)




Subpixel # (32 subpix = 1 pix)
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Precision after 1 hour (ppm)

BEFORE

Assuming a spectrally flat star, binned to R = 70
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Assuming a spectrally flat star, binned to R = 70
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It we achieve our goal, Henrietta be a
scientifically productive in its own right.

Simulated Henrietta observation of a TESS mag = 10 M4.5V star - R = 70, binned to 1 hour
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Henrietta can complete a survey of ~ 100

exoatmospheres in a year, with most ‘unique’
targets sent to JWST for detailed followup.

0 Example of Henrietta survey

o
I

o0
1

J 1 magnitude

=
®

100

10!
Planet Radius (R)

Data from Open Exoplanet Catalogue



Henrietta will ultimately serve as a testbed for
future ground-based exoatmosphere instruments.
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Order Parts Lab Integration

Commissioning

and Testing (August 2022)

(April 2021) (September 2021)




i  - There are currently no dedlcated exoatmosphere mstruments to help |
prlorltlze targets for JWST . . | £

erI help prlorltlze targets for JWST - o |
S If we achleve our: goal of near-photon n0|se I|m|ted preC|S|on -

- Henrletta W|II be suentlflcally productlve on |ts own

. ;f'° Henrietta will uItlmater serve asa testbed for future IR

exoatmosphere mstruments





