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SPICA Stellar Parameters and Images with a Cophased Array

A new visible 6T spectro-combiner for CHARA
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Framework
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• Up to now, ~200 different stars have their angular diameter precise at the 1% level based on different 

instruments (JMDC catalogue, Duvert+16): Mainly Giants, different techniques, different spectral 

bands…

• Why measuring many angular diameters?

• Angular diameter + Parallax (Gaia) give the Radius, one of the primary ingredient of stellar modeling

• Angular diameter + Fbol give the Teff with an excellent accuracy (~20-30K)

• Planet radius is generally known though Rp/R*

• Angular diameter and radius (pulsating stars, binaries) give the distance

• Opportunity because space missions are now looking to brighter targets for a better characterization

• And in parallel important progresses in sensitivity and precision in optical interferometry

• Unique opportunity with the 300m baselines of CHARA and the access to visible wavelengths to 

reaching 0.1 mas of angular resolution.
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What means large number and angular diameters ?
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• Large Number:
• In the past a few tens of objects only (PIONIER, CHARA)

• For the SBC relations, 5 LC, 7SP ➔ few hundreds of stars for a good sampling 
of the HR diagram and to improve the precision and accuracy.

• Almost 200 exoplanet host stars accessible to CHARA.

➔ ~1000 stars

• Angular Diameters



VLTI School 2021

4

Three objectives: 

1. Exoplanet Host Stars

2. Asteroseismology 

3. SBCR for distances of EB and PLATO

For these three objectives, stellar activity has to be taken into account:

1 – Spots

2 – Convection 3 – Wind & 

environment

4 – Rotation 

5 – Binarity 

Stellar

Activity
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𝜽∗ : CHARA/SPICA interferometric observations 
of a large sample of stars all over the HR diagram

Aim 1: radius, mass and age of planets

From Stars to 
Planets

Objective 1 : exoplanet

host stars (𝑹∗, 𝐓𝐞𝐟𝐟)
Objective 2 : asteroseismic 

targets (𝑹∗, 𝐓𝐞𝐟𝐟,𝑴∗)
Objective 3 : calibration of 
Surface Brightness Color

Relations (SBCR)

Stellar evolution
Age

Transit of 
exoplanets

From Bright to 
Faint stars

The ISSP Survey

Transit of 
stars 

Aim 2: distances in universe (Ho)

Objective 4 : limb-
darkening survey over 

HR diagram

Objective 5 : Stellar
activity survey over 

the HR diagram: 
binarity, rotation, 

wind & environment

Control of systematics

Interferometric Survey of Stellar Parameters (ISSP)

Strong links with:
- ESA/PLATO mission
- Araucaria program

But more generally speaking, the ultimate goal is a revolution in stellar 
fundamental parameters and thus on stellar physics
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Radius and Effective Temperature of  exoplanet host stars
TESS, CHEOPS, PLATO…

PHOTOMETRY

𝚫𝐅

𝐅
=

transit 
depth

𝑷=periodicity

𝝉=transit 
duration

Gaia parallax
and 

bolometric flux

𝑹∗ − Teff

𝑹𝒑=
𝑅∗

9.2984

Δ𝐹

𝐹

VELOCIMETRY

𝑲=velocity
amplitude

𝑀𝑃=𝑐.𝑀∗
Τ2 3𝑃 Τ1 3

Time (days)

R
ad

ia
l v

el
o

ci
ty

(k
m

/s
)

Stellar and Planet modelling

e.g.: Ligi+16

From Stars to 
Planets

Transit of 
exoplanets SPICA
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Observation of  a large and homogeneous sample of  asteroseismic targets
PLATO preparation/follow-up

𝑹∗[𝑺𝑹],𝑴∗[𝑺𝑹]

𝑹∗[𝑰] , 𝑹∗[𝑺𝑩𝑪𝑹]

‘full’ frequencies
analysis of benchmark (b) stars

CHARA/SPICA Angular Diameters: 𝜽

Scaling Relations (SR) in 
the litterature

Teff from spectroscopy

Comparison

Gaia parallax

Stellar
evolution Age

𝑹∗[𝒃],𝑴∗[𝒃]

Calibration Constraints
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SBCR of  early-type stars: 

➢ distance determination

of  M31/M33 (Araucaria)

Calibration of  Surface Brightness Color Relations  

all over the HR diagram
From bright to 

faint stars

SBCR of  late type stars:

➢ distance determination

➢ of  SMC/LMC (Ho)

➢ faint PLATO targets
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Scientific Requirements: qLD and (qLD +LD) measurements

sq/q=1%

qLD and LD from SPICA

qLD only with hypothesis 
on the LD law

DWARFS GIANTS
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SPICA instrument in a nutshell
• A H-band 6T-ABCD fringe sensor aiming at performing a group delay and phase delay tracking of the fringes.

• A All-In-One 6T combiner (600-900nm) with three dispersion

MODES Nb of 
SpCh

SpCh Spectral 
Band

MagLim
V²=0.6

MagLim
V²=0.6 + FT

MagLim
Vdiff

MagLim
Vdiff+FT

LR: R=140 60 ~5nm 300nm 8.5 11.5

MR: R=4400 500 0.17nm 85nm 5.5 9.5

HR: R=13000 500 0.06nm 29nm 4.5 8.5

MagLim: V²: SNR=10, 10mn of integration, for one spectral channel
Vdiff: [SNR=10, sf<5°], V²=0.6 in the reference channel, 30mn of integration, for one spectral channel

SNR calculator based on FRIEND calibration (Martinod+2018), CHARA-AO hypothesis (SR=20%), SPICA estimations 
Validation to be done on sky beginning of 2022

SR=5%

6.5
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SPICA in the lab

SPICA_VIS
Spectrograph

SPICA_VIS
Injection Table

PERISCOPE
+

ADC

VISIBLE TABLE
CHARA Reference 

Sources

CLIMB 
CLASSIC

MIRCx, MYSTIC

OI Chip in 
MIRCx

METROLOGY
TABLE

VISIBLE 
TABLE

IR

STS

L
D
C

M-LDC

D
I
C

OPLE

CHARA/SPICA 11



VLTI School 2021

SPICA-FT

• Fibered IO device performing a 6T ABCD H band combiner, using the MIRCx fiber
injection systems, the MIRCx spectrograph, and the CRedOne detector.

• Specifications:
• Exposures from 20ms (GD) to 200ms (GD+PD) in the visible, l/8 rms
• Goal: reaching a few seconds of integration time

• First light in January 2020 (5T, GD only)
• Optimisation of the GD+PD loops on the testbed in Nice and in Mt Wilson
• Development of the State Machine 
• 6T fringe search operational

• Ongoing activities
• More on-sky tests, also including the new OPLE control system
• 3rd generation of the integrated optics chip: correction of internal 

instrumental CP, optimisation of the splitter function (summer 2021)
• Addition of a predictive filtering (End of 2021 ?)

𝐾𝐺𝐷=0.05 𝐾𝐺𝐷=0.05 & 𝐾𝑃𝐷=0.1

TIME

P
H

A
SE
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CHARA 6T simulator in Nice
+

Periscope
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SPICA-VIS General design

SHU

PDC

BSP

PUP/M3

TTT/M4

RFL

SFU

BCD

FOP/M1

IMG/M2

ADC

FOC

COL

FOM/M
5

BCC/M6

PIS

SPIE 2020, Pannetier et al.
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SPICA-VIS General design

SHU

PDC

BSP

PUP/M3

TTT/M4

RFL

SFU

BCD

FOP/M1

IMG/M2

ADC

FOC

COL

FOM/M
5

BCC/M6

PIS

FBI

CHARA/SPICA 15



VLTI School 2021

SPICA-VIS injection table
Every thing has been designed to optimize the injection in the fibres:
• Optical quality and high performance coatings
• Alignment in image and pupil plane control
• Fast tip/tilt correction to compensate the partial AO correction
• ADC for a good coupling all over the spectral band
• Fibre Back Illumination to avoid a time-expensive fibre explorer solution

IMPUP

FAST TT
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SPICA-VIS spectrograph table
At the output of the V-groove, separation of photometric and interferometric channel
Anamorphosis of the interferometric channel and fringes in the image plane after the dispersion
Dispersion of the photometric channel in the ‘pupil’ plane
Optical design by CP, mechanical design by JD

V-groove

Dispersion
1 double prism
2 gratings
1 mirror (no disp.)
1 single rotating stage FBI

Beam splitter

Andor Ixon888 
Aarhus Univ.
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Photos: C. Pannetier
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SPICA-VIS Observing Software

Global architecture
- CHARA Cosmic Debris is the highest client (including SPICA-FT server)
- OB supervisor for observation information (JMMC A2P2 principle adapted to CD)
- OS observation information from CD
- OS control of all SPICA-VIS devices thru servers
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SPICA-VIS Science operation (JMMC collaboration)

Targets Prim. Cals Observing Blocks

SPICA-
Survey 

SPICA-
Proposals

SPICA-DRS

SPICA-QCS

SPICA-SAS

SPICA-NSS

SPICA-Runner

2 3 4

5

6

1

Catalogues and 
publications

SPICA DATABASE

7

Preparation

Operation

Exploitation

SPICA-DFS

DF-API NS-API R
C
-
A
P
ISCI-API

8
9

10

Database based 
on ObsPortal, 
OIDB, JSDC, 
ASPRO2 at JMMC
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SPICA-VIS DRS (heritage from VLTI/MATISSE & FRIEND Martinod 2018)

Processing Module

Calibration
Target/Calibrator
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SPICA-VIS Quality Control

residual V² residual CP

Automatic fit at the end of the
night on all targets and
calibrators. 4 models:

1. Uniform disk

2. Uniform disk + gaussian

3. Elongated disk (fast
rotators)

4. Binary using CANDID
(Antoine Mérand)

Computations made by D.
Salabert, using ASPRO2 (SPICA)
and the SPICA autofitting
function. Database feeding
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SPICA planning 
03/21 04/21 05/21 06/21 07/21 08/21 09/21 10/21 11/21 12/21 01/22 02/22 03/22 04/22

Integration Injection
Alignment Control

Integration Periscope
Integration CHARA SIM
Tests Alignment/Injection

Integration Spectrograph
Tests Spectrograph

Tests birefringence

Tests & Templates, DRS

Shipping

Integration MWI, 
commissioning

Science verification

Shared risk Programs

SPICA-FT milestones

Science Preparation

AdvGt Interferometric Survey of Stellar Parameters
Large stellar survey – 200n guaranteed
5-year grant, many job opportunities (observation, stellar models…. Stay tuned!)
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