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Direct imaging of exoplanets

! Dust & gas
} disk 3

! Planetc §

PDS 70 - Keppler et al. (2018)



Direct imaging of exoplanets
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Direct imaging of exoplanets
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Direct imaging of exoplanets

g(a)=0.5, Ag=0.5, M-R from Chen & Kipping (2017)
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VLT/SPHERE
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Direct imaging recipe

Seeing-limited PSF Diffraction-limited PSF Diffraction-limited PSF Coronagraphic image
X Adaptive optics v Adaptive optics v Adaptive optics v Adaptive optics
X Coronagraph X Coronagraph X Coronagraph v Coronagraph

Diffraction limited 10-4-10-5 contrast
within 20 A/D in dark zone

~10-5-10-6 contrast down to 0.2"

4—(post—processing)

Enough to detect young giant exoplanets
of a few Jupiter masses




SPHERE and GPI detections

GPl/H-band
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! Very low resolution }

spectroscopy!

- First order

characterisation

Go for high spectral resolution!



Detection boost at high-spectral resolution

‘ Standard CCF approach
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Detection boost at high-spectral resolution
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Characterisation at high-spectral resolution

R=50 R =100 000
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Exoplanet science at high resolution

Molecules detectlon
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Contrast [Fplanet / Fstar]

Young exoplanets characterisation in near-IR
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High-contrast imaging
with coronagraphy
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High-resolution
spectroscopy

Characterisation

10-15 companions
already known at

B Pictoris b (K) 4

e separation < 1"
e contrast < 104

Companions detected
by other means

¢ Imaging
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High-Resolution Imaging and Spectroscopy
of Exoplanets
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A unique window of opportunity

High-resolution spectrograph

CRIRCS
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Contrast [mag]

Expected performance
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Expected performance

Contrast [mag]
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Implementation
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Fiber injection module in SPHERE
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Fiber bundle

2d assembly, AR coating

2d assembly, AR coating

FIM feedback
source

Connectors

CRIRES+
guiding HiRISE
source cabinet

SPHERE section Long section CRIRES+ section
~5 m ~50 m ~5 m

Science fibers (Nufern 1310M-HP) Calibration fibers (Nufern 1310M-HP)
@ Science fiber, planet, 1.4-1.8 pm . SPHERE feedback fiber, max 1.4 ym

. Reference fiber, star, 1.4-1.8 ym . CRIRES+ calib fibers, 0.8-1.6 pm
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Fiber bundle

White fibre stubs
to complete
hexagonal packing Single fibre connectors,

Calibration fib
alibration fibres format: FC/PC

N (purple, green, red)

.0 get in/out at the level /
( L
()

Linear output, interface TBD,
but likely a fixed mount

AR coating:

- science = 1450-1850 nm

- calibration = 800-1450 nm

Sm——ep

2 multi-
connectors I

Again, stubs included for/

packing symmetry

of the connector
Mechanical - e

center
/ o0

Hexagonal
packed input
AR coated
1200-1850 nm

_ . Mechanical -
< Single fibre connectors, center

format: FC/PC
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Fiber bundle around UT3
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Fiber extraction module in CRIRES+

FEM optics

-

50 mm
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Fiber extraction module in CRIRES+

Fiber bundle
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CRIRES+: improving CRIRES Fmt

_}
e NIR infrared echelle spectrograph - - |

e New cross-dispersion
gratings stage

e New Hawaii-2RG
detectors




Performance estimation

Total transmission (top) Transmission components (bottom)
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Performance estimation

—— total
stellar halo

CRIRES+ H

Types of noise

---- planet
—— atmosphere

HIRISE H

---- dark noise thermal
—— read noise
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End-to-end model from Otten et al. (2021)
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Status of HIRISE

e Many discussions with ESO over the past 2 years
e Science case validated by the OPC: strong support!
e Technical proposal validated by STC and Council: strong support!
e HIiRISE accepted as a visitor instrument by Paranal
e Current activities:
e Final design
e |dentification of manufacturers
e Procurement of some hardware
e Laboratory validations
e Design review with Paranal
e Schedule:

Review preparation | 1
Manufactaning 1
AIT Phasw &% LAM [
@ 17002
b Hirise Packing and shipment
Hirtwe Parunal sctivities § I
Hirise ® NIH
Hirise Integrationon UT3
Hardwure tramsfer to UT3
7 Fiber bundie installation 2t UT3
FIM Installation on SPHERE |7
FEM intwgration an CRIRES+ |
T System verification
& 20/05
T Tuchnical nights



Technical activities
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HIiRISE postdoc!

Conclusions

1. High spectral resolution on exoplanets

e Improved characterization

e Detection boost

. ) Preparation and analysis of
e Opens new opportunities for understanding of exoplanets the first on-sky data

2. HIiRISE: high-spectral resolution of directly-imaged exoplanets

e Unique opportunity on VLT/UT3!
e Couling between SPHERE and CRIRES+

e Final design on-going
e Accepted by ESO/Paranal as a visitor instrument

e On sky probably mid-2022

e Demonstrator for future instrumentation
ELT/PCS or post-JWST exoplanet imagers
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