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Direct imaging of exoplanetary systems




Direct imaging of exoplanetary systems

t' Dust
§{ properties §

; Planet
§ composition §




Direct imaging of exoplanetary systems
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New SPHERE and GPI detections
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New SPHERE and GPI detections
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Characterisation at high-spectral resolution
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Characterisation at high-spectral resolution
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Detection boost at high-spectral resolution
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Detection boost at high-spectral resolution
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Detection boost at high-spectral resolution
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Young exoplanets characterisation in near-IR

High-contrast imaging High-resolution
with coronagraphy spectroscopy
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Young exoplanets characterisation in near-IR
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HIRISE: a unique window of opportunity

VLT/UT3

.......................................................... V Extreme adaptive optics x
.......................................................... V Coronagraphy x
................................................. Y J H K Spectral coverage Y J H K L M

.............................................. 50 — 350 Spectral resolution 50 000 - 100 000



HIRISE: a unique window of opportunity
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Expected performance CRIRCS™
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Confirming borderline candidates
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New science at high-spectral resolution
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New science at high-spectral resolution

Molecules detectlon
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HIRISE general implementation
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FIM conceptual design

Tracking
camera

Tip-tilt mirror

I Fibre bundle

Dichroic

IFS beam
Retractable

pick-off mirror

Arthur Vigan - VLT2030 - 2019-06-19 Inspired by Mawet et al. (2017)



FIM opto-mechanical design

Injection /\ | |
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Preliminary designs
Optics: E. Muslimov

Mechanics: Y. Charles
N. Tchoubaklian
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FIM opto-mechanical design

Injection / |
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T“?_tllt _ Dichro _ Preliminary designs
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%NM = = ' 100 mm

stop IFS beam

D d

L - A =
- Translation stage
_ with pick-off mirror

7|

Arthur Vigan - VLT2030 - 2019-06-19



Fiber bundle around UT3

v-groove

Feedback

Connectors Connectors

NB filter

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

ZBLAN single-mode fibers (LVF) Standard telecom fibers
@ Science fiber, planet, 1.4-2.5 pm ‘ SPHERE feedback fiber, max 1.4 pm

. Reference fiber, star, 1.4-2.5 ym . CRIRES+ centering fiber, 0.8-1.6 pm

. SPHERE centering fiber, ~1.6 pm
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Fiber extraction module in CRIRES+

Fully reflective design

fiber bundle plane 73
(telecentric abject/ 3 -
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- 8 ~
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242 N image plane

Allocated volume: 180x70x150 mms
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HIRISE operations



HIRISE operations
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HIRISE operations

transparent |
»—;—m e ‘4;.,?41

e Standard acq
e Standard AO mode

e Derotator disabled

e AO + slit viewer




HIRISE operations
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e Acquisition
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Risk assessment

Installation in SPHERE

Arthur Vigan - VLT2030 - 2019-06-19

Installation in CRIRES+

Operations & overall performance
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Risk assessment

Installation in SPHERE

Installation in CRIRES+

| Low risk |

o2

Operations & overall performance

e R =
g“%‘; % - ;ga:;
4

e HIRISE is a R&D project
l.,al))\lmm@

| Low risk |

e Development as a visitor mode

e Totally new approach... uncertainty is
inevitable!

Arthur Vigan - VLT2030 - 2019-06-19 23



Building HIRISE

Cost
Estimated: 150-170 k€

Dominated by fiber bundle,
tracking camera, dichroic,
custom optics, ...

Contingency: 20%

Hardware funding
Available (ERC): ~120 k€
Requested: 60 k€

Backup and co-funding
under study

Manpower
AIT engineer: 2 years
PhD student: 3 years
Postdoc: 2 years

1 FTE margin
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Building HiRISE

Cost
Estimated: 150-170 k€

Dominated by fiber bundle,
tracking camera, dichroic,
custom optics, ...

Contingency: 20%

Hardware funding

Available (ERC): ~120 k€

Requested: 60 k€

Backup and co-funding

under study

| Hardware and manpower mostly funded |

Manpower
AIT engineer: 2 years
PhD student: 3 years
Postdoc: 2 years

1 FTE margin

HIiRISE implementation timeline:

2020

2021
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o

[
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EpEENE
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Coordination with SPHERE+

Arthur Vigan - VLT2030 - 2019-06-19
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Coordination with SPHERE+

e HiRISE will benefit from an ExAO gain
e Full integration with SPHERE: software, operations, calibrations... = fully supported mode

¢ Improved transmission



Coordination with SPHERE+

e HiRISE will benefit from an ExAO gain
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Coordination with SPHERE+

e HiRISE will benefit from an ExAO gain
e Full integration with SPHERE: software, operations, calibrations... = fully supported mode

e Improved transmission
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A European opportunity in the South

NAOJ

Korea

/\

North-South
complementarity

Guinea

NT

Australia

New
Zealand

On-going projects on 8-10 m telescopes with ExAO:
O Keck/KPIC: D. Mawet, Caltech [already on-sky!]
O Subaru/SCEXAO: O. Guyon, University of Arizona
¢ VLT/HIRISE: A. Vigan, CNRS/LAM
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Conclusions

e SPHERE is a powerful direct imaging instrument with limited characterisation capabilities

¢ Next step => high-spectral resolution!

e Opens new science opportunities for young giant exoplanets

e Atmospheric chemistry & physics

e Orbital and rotational speed

e Calibration of mass-luminosity relationships with Gaia planets
¢ HiRISE: fiber optics coupling with CRIRES+

e Doable TODAY

e Completely independent from SPHERE+

e Design almost finalized

e Funding mostly secured
e \We propose a fast-track implementation as a visitor mode!
e Pathfinder for ELT instrumentation: PCS, HARMONI

LAM -
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Fiber injection module (FIM) in SPHERE
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Optical design: E. Muslimov

FIM optical design

OBJ: 0.0000, 0.0000 (deg) OBJ: 0.0000, 0.2300 (deg) = - (deg)
T Injection
=
" p: 0.000, 0.001 m na: 0.000, -0.133 m 4 0.259, 0.000 m
OBJ: -0.2300, 0.0000 (deg) OBJ: 0.4500, 0.0000 (deg) OBJ: 0.2300, 0.0000 (deg)
- -
Injection
- -
.. _ objective
Tlp'tllt B Dichro ne: 0.133, 0.001 m D4 -0.25¢, 0.000 m D4 -0.133, 0.001 mm
H 'b 0BJ: 0.0000, -0.4500 (deg) 0BJ: 0.0000, -0.2300 (deg) O0BJ: 0.0000, 0.4500 (deg)
mirror ) Fiber
NN 1l =
bundle Tracking
lens
ot
-
TI‘aCkIng I 0.000, 0.258 mm I 0.000, 0.133 m D4 0.000, -0.257 m
camera ~30 nm rms on axis
I M l / OBJ: 0.0000, 0.0000 (deg) OBJ: 0.0000, 0.2300 (deg) ORT: -0.4500, 0.0000 (dag)
/ T -
Tracking
= A 4 | SEECRE ]
R
TN F
+ LI T]
D 0.000, 0.010 m ne: -0.000, -1.216 m I 2.390, 0.009 m
— : | 1 100 mm 0BJ: -0.2300, 0.0000 (deg) 0BJ: 0.4500, 0.0000 (deg) 0BJ: 0.2300, 0.0000 (deg)

+ Ty

IFS Lyot Relay lens ;
stop IFS beam Liazaw
=—F—2» Pick-off mirror ne: 1.224, 0,008 m na: -2.390, 0.008 m na: -1.224, 0.008 m
| : : : : ' 500 mm 0BJ: o.ooo, -o.oo (deg) 0BJ: 0.0000, -0.2300 (deg) 0BJ: o;ofo?,'fn.fs‘oop (deg)
Arthur Vigan - VLT2030 - 2019-06-19 na: -0.000, 2.397 m a: -0.000, 1.233 m Ia: 0.000, —.332 m

~60 nm rms on axis



Mechanical design: Y. Charles
N. Tchoubaklian

FIM mechanical design

Enclosure main top

Total weight < 50 kg

v1S/IR bench door
(open)

s 4 4 y £ \

with pick-off r i/r
= =
. ‘
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iber extraction module (FEM) in CRIRES+

CRIRES+ warm bench
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VLT focal plan
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HIiRISE FEM location

Art Allocated volume: 180x70x150 mm?3



Technical risk assessment

Installation in SPHERE Installation in CRIRES+

e No upgrade required
e RV gas cells designed
to be swapped

e Easy access

e FEM can be removed
at any time

e CRIRES+ team
experience

: o Easy access

e FIM can be removed
at any time

e SPHERE team
experience

| Low risk |
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Low risk |
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Operations & overall performance

e No hardware required

e FLAMES/UVES
experience

e Very low throughput
e Fiber injection is extremely sensitive

1 e Centering of the planet is critical
T —. e Existing cable duct
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