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Focus as competition  
becomes tougher



The different missions



NEAT



Formation in flight

Proposed to answer the ESA M4 call.  
Main focus: a census of all exoplanets around 50 closest stars 



1-m telescope and 40-m focal length



Theia

Thales

Proposed to answer the ESA M5 call.  
Main focus: Dark Matter (70%) ; Earth-like exoplanets (20%)



Too much competition: 
Let us focus on Earth-like exo-planets

Exo-planets should be near bright stars (no mag limits) but these are sparse

At 10 pc, the astrometric signature of an Earth-like planet in the HZ of a Sunlike star is 0.3 μas.

wide angle astrometry + ultra high precision

This means a great instrument for only 20% of observational time



Chapter 3. Dark matter spikes at the centers of galaxies? 55

Figure 3.1: Illustration of the variety of possible DM profiles on sub-kpc scales in the MW.

The cusp/core controversy is still unresolved, although baryonic feedback may reconcile the
results of numerical simulations and observations by reducing the DM density at the center of
halos through supernova-driven gas bulk motions and galactic winds (Navarro et al., 1996b; Read
& Gilmore, 2005; de Souza et al., 2011; Pontzen & Governato, 2012; Teyssier et al., 2013; Di
Cintio et al., 2014). This has a dramatic e�ect especially for dwarf galaxies, with cusps readily
turned into cores. However, this e�ect seems to depend on the characteristics of galaxies, in
particular the stellar-to-halo mass ratio (Di Cintio et al., 2014). Including baryonic physics in
simulations is therefore essential but requires to model even more complex processes related for
instance to gas dynamics and radiative transfer, which makes such simulations computationally
expensive. Moreover, although baryonic processes are likely to have a significant impact on
DM profiles, it is not even clear yet whether these processes eventually soften or steepen DM
profiles, and this is a matter of debate. In particular, while baryonic feedback seems to flatten
DM profiles, adiabatic contraction of baryons has been suggested to produce steeper DM profiles
(Blumenthal et al., 1986). On top of that, alternatives to the CDM scenario like self-interacting
DM can also address the cusp/core problem, but this has yet to be investigated in more detail in
conjunction with baryonic feedback. For a discussion of prospects see e.g. Brooks (2014).

Table 3.1: Parameters of the DM profiles shown in Fig. 3.1, based on Bertone et al. (2005);
Cirelli et al. (2011).

– — “ r0 (kpc)
Burkert ≠ ≠ ≠ 12.67
Diemand 1 3 1.16 30.28
Einasto 0.17 ≠ ≠ 28.44

Isothermal 2 2 0 3.5
Kravtsov 2 3 0.4 10

Moore 1.5 3 1.5 28
NFW 1 3 1 20

The inner slope of DM profiles is of the utmost importance in indirect searches for DM which
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74 4.3. Electron/positron spectrum Â accounting for propagation

coe�cient K0 and its energy dependence ”, as seen in Eq. (4.43). The di�usion parameters are
constrained by cosmic-ray measurements at the position of the Earth, especially the boron-to-
carbon (B/C) ratio and fluxes of radioactive nuclei (Maurin et al., 2001, 2002; Putze et al., 2010).
In particular, the sets of di�usion parameters compatible with measurements of the B/C ratio
and giving the minimal (MIN), median (MED) and maximal (MAX) antiproton fluxes from
supersymmetric DM (Donato et al., 2004) are used as references:

MIN : L = 1 kpc, K0 = 0.0016 kpc2 Myr≠1
, ” = 0.85,

MED : L = 4 kpc, K0 = 0.0112 kpc2 Myr≠1
, ” = 0.7,

MAX : L = 15 kpc, K0 = 0.0765 kpc2 Myr≠1
, ” = 0.46. (4.45)

In practice, we use the MED set as a benchmark model, whereas the MIN and MAX are used to
bracket the uncertainty from di�usion.5
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Figure 4.4: Left panel: Optical image of the edge-on NGC 891 galaxy taken with the Canada-
France-Hawaii telescope, overlaid with contours of the radio emission at 3.6 cm observed with the
100-m E�elsberg telescope and magnetic field lines shown as dashed lines. Credit: Max Planck
Institute for Radio Astronomy, M. Krause & CFHT/Coelum. See also Krause (2009). Right
panel: Schematic representation of the di�usion zone of cosmic rays as a flat cylinder of radius
Rgal and half-thickness L, on top of an artist view of the MW.

4.3.4 A qualitative picture of spatial di�usion
Here we describe very qualitatively the e�ect of spatial di�usion on a given source term. Let R

and E be characteristic length and energy scales, respectively. Then Ò
2

≥ 1/R
2 and ˆ/ˆE ≥ 1/E,

so that in terms of characteristic scales
K

R2 Â + btot
E

Â + q = 0. (4.46)

Therefore, the di�usion term shapes the spectrum at all scales below a certain length scale defined
by R . (KE/btot)1/2. This length scale is in fact to order of magnitude the distance traveled by

5We note that these parameters would have to be updated to account for new data from AMS-02, and the
standard picture may change. It turns out that due in particular to its very small value of L, the MIN set is
already in tension with the positron data (Lavalle et al., 2014; Di Mauro et al., 2014), radio observations (Di
Bernardo et al., 2013; Bringmann et al., 2012b; Orlando & Strong, 2013; Fornengo et al., 2014), and seems to be
disfavored by observations of “-rays (Ackermann et al., 2012c) and antiprotons (Giesen et al., 2015).

oblate/prolate

Testing LCDM



Wavefront sensor (WFS) detectors

274 mm

6x6 Elliptical FoV Science Array 
of 4k vs. 4k Detectors

31
0 

m
m

TMA + camera with a 0.6 deg FoV

Detectors: 
-FPA: 24 e2V 4k2 CCD 
-WFS: 4  e2V 4k2 CCDSoyuz -> Ariane 6
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Lesson from Gaia :: Monitor, monitor, monitor

Interferometers for instrument monitoring and astrometric corrections.

Theia : the new Astrometry frontier
Outstanding precision requires metrology



Theia : the new Astrometry frontier
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Lesson from Gaia :: Monitor, monitor, monitor

Prototype DICE @ IPAG 
reached 5x10-5 pixel size

CNES

Interferometric FPA callibration
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LSST 10yr accuracy
Gaia    5yr accuracy (~0.8h, V-I=0.75, no prior)
Gaia    reference stars max grid accuracy
Theia >2yr precision: 40h
Theia >2yr precision: 1000h
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30-100 times better than Gaia

Relative Astrometry ; point and stare
+ photometry (optical, 350-1000nm)
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The 1000 brightest stars in Draco 
have magnitudes R = 17.5 to 20.5  

Draco  seen in one single shot 

R < 22 stars in dwarfs such 
as Draco and Ursa Minor  



THEIA
Microarcsecond Astrometric Observatory

Faint objects in motion : the new astrometry frontier
Proposal for a medium size mission opportunity in ESA’s science programme (M5) mission

Theia lead proposer :  Prof Céline Bœhm

G
r
a
p
h
is

m
e
 
: 
R

o
x
a
n
e
 A

r
le

o

Exoplanets

Complete census of exo-Earths and superEarths orbiting our 50 nearest stars 
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Figure 3.1: Illustration of the variety of possible DM profiles on sub-kpc scales in the MW.

The cusp/core controversy is still unresolved, although baryonic feedback may reconcile the
results of numerical simulations and observations by reducing the DM density at the center of
halos through supernova-driven gas bulk motions and galactic winds (Navarro et al., 1996b; Read
& Gilmore, 2005; de Souza et al., 2011; Pontzen & Governato, 2012; Teyssier et al., 2013; Di
Cintio et al., 2014). This has a dramatic e�ect especially for dwarf galaxies, with cusps readily
turned into cores. However, this e�ect seems to depend on the characteristics of galaxies, in
particular the stellar-to-halo mass ratio (Di Cintio et al., 2014). Including baryonic physics in
simulations is therefore essential but requires to model even more complex processes related for
instance to gas dynamics and radiative transfer, which makes such simulations computationally
expensive. Moreover, although baryonic processes are likely to have a significant impact on
DM profiles, it is not even clear yet whether these processes eventually soften or steepen DM
profiles, and this is a matter of debate. In particular, while baryonic feedback seems to flatten
DM profiles, adiabatic contraction of baryons has been suggested to produce steeper DM profiles
(Blumenthal et al., 1986). On top of that, alternatives to the CDM scenario like self-interacting
DM can also address the cusp/core problem, but this has yet to be investigated in more detail in
conjunction with baryonic feedback. For a discussion of prospects see e.g. Brooks (2014).

Table 3.1: Parameters of the DM profiles shown in Fig. 3.1, based on Bertone et al. (2005);
Cirelli et al. (2011).

– — “ r0 (kpc)
Burkert ≠ ≠ ≠ 12.67
Diemand 1 3 1.16 30.28
Einasto 0.17 ≠ ≠ 28.44

Isothermal 2 2 0 3.5
Kravtsov 2 3 0.4 10

Moore 1.5 3 1.5 28
NFW 1 3 1 20

The inner slope of DM profiles is of the utmost importance in indirect searches for DM which
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coe�cient K0 and its energy dependence ”, as seen in Eq. (4.43). The di�usion parameters are
constrained by cosmic-ray measurements at the position of the Earth, especially the boron-to-
carbon (B/C) ratio and fluxes of radioactive nuclei (Maurin et al., 2001, 2002; Putze et al., 2010).
In particular, the sets of di�usion parameters compatible with measurements of the B/C ratio
and giving the minimal (MIN), median (MED) and maximal (MAX) antiproton fluxes from
supersymmetric DM (Donato et al., 2004) are used as references:

MIN : L = 1 kpc, K0 = 0.0016 kpc2 Myr≠1
, ” = 0.85,

MED : L = 4 kpc, K0 = 0.0112 kpc2 Myr≠1
, ” = 0.7,

MAX : L = 15 kpc, K0 = 0.0765 kpc2 Myr≠1
, ” = 0.46. (4.45)

In practice, we use the MED set as a benchmark model, whereas the MIN and MAX are used to
bracket the uncertainty from di�usion.5

  

R
gal 

= 20 kpc

2L

Figure 4.4: Left panel: Optical image of the edge-on NGC 891 galaxy taken with the Canada-
France-Hawaii telescope, overlaid with contours of the radio emission at 3.6 cm observed with the
100-m E�elsberg telescope and magnetic field lines shown as dashed lines. Credit: Max Planck
Institute for Radio Astronomy, M. Krause & CFHT/Coelum. See also Krause (2009). Right
panel: Schematic representation of the di�usion zone of cosmic rays as a flat cylinder of radius
Rgal and half-thickness L, on top of an artist view of the MW.

4.3.4 A qualitative picture of spatial di�usion
Here we describe very qualitatively the e�ect of spatial di�usion on a given source term. Let R

and E be characteristic length and energy scales, respectively. Then Ò
2

≥ 1/R
2 and ˆ/ˆE ≥ 1/E,

so that in terms of characteristic scales
K

R2 Â + btot
E

Â + q = 0. (4.46)

Therefore, the di�usion term shapes the spectrum at all scales below a certain length scale defined
by R . (KE/btot)1/2. This length scale is in fact to order of magnitude the distance traveled by

5We note that these parameters would have to be updated to account for new data from AMS-02, and the
standard picture may change. It turns out that due in particular to its very small value of L, the MIN set is
already in tension with the positron data (Lavalle et al., 2014; Di Mauro et al., 2014), radio observations (Di
Bernardo et al., 2013; Bringmann et al., 2012b; Orlando & Strong, 2013; Fornengo et al., 2014), and seems to be
disfavored by observations of “-rays (Ackermann et al., 2012c) and antiprotons (Giesen et al., 2015).

oblate/prolate

Testing LCDM
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Degeneracy between the radial 
DM profile and orbital anisotropy 
quantifies whether stellar orbits 
are more radial or more tangen- 
tial in the Jeans equation (Binney 
& Mamon 1982). 

Pessimistic case (CCDs)

Adding proper motions 
can help removing these 
degeneracies!
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We can tell how DM is distributed 
and discriminate between cusp/core

distributions

Theia can probe self-interactions 

Dark Matter 
in dSphs

CDM halos can be heated by bursty star 
formation inside the stellar half light radius 
R1/2, if star formation proceeds for long enough. 

Some dSphs like Fornax have formed stars for 
almost a Hubble time and so should have large 
central dark matter cores, while others, like 
Draco and Ursa Major2 should retain their 
steep central dark matter cusp. 
But it depends on the DM nature.
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Theia is sensitive to the inner DM profiles of Dwarf galaxies

Pessimistic case (CCDs)



THEIA
Microarcsecond Astrometric Observatory

Faint objects in motion : the new astrometry frontier
Proposal for a medium size mission opportunity in ESA’s science programme (M5) mission

Theia lead proposer :  Prof Céline Bœhm

G
r
a
p
h
is

m
e
 
: 
R

o
x
a
n
e
 A

r
le

o

halo

subhalos

still visible after 1st passageLargest effect when subhalo passes through disk

in disk

Feldmann & Spolyar 15 ve
rti

ca
l v

el
oc

ity
 (k

m
/s

)

Dark Matter 
Masses of sub halos



2 SCIENCE CASE

Fig. 2.6: Face-on view of the evolution of the perturbation of a Galactic Disc due to a DM subhalo of mass 3% of the
mass of the disc crossing the disc from above. The upper and lower panels are before and after the crossing, respectively,
for different times 125, 75 and 25 Myr before the crossing and 25,75,125 Myr after (from left to right). The mean
displacement amplitude is indicated in the color bar, while the contours indicate the amplitude of the bending mode
in velocity space, using plain lines for positive values and dashed lines for negative values. The green line shows the
projected orbit of the subhalo (dashed line after the impact with the disc). The green triangle shows the current location
of the subhalo on its orbit. The red lines are our potential lines of sight for Theia, spaced by 10� in longitude with one
pointing above the plane and one below the plane, that would allow us to map the disc perturbation behind the Galactic
Center.

spectrum of initial density fluctuations. This spectrum
is observed on large scales in the cosmic microwave
background and the large scale structure of galaxies,
but is very poorly constrained on scales smaller than
2 Mpc. This severely restricts our ability to probe the
physics of the early Universe. Theia can provide a new
window on these small scales by searching for astro-
metric microlensing events caused by ultra-compact
minihalos (UCMHs) of DM.

UCMHs form shortly after matter domination (at
z ⇠ 1000), in regions that are initially overdense
(dr/r > 0.001; Ricotti & Gould 2009). UCMHs only
form from fluctuations about a factor of 100 larger than
their regular cosmological counterparts, so their dis-
covery would indicate that the primordial power spec-
trum is not scale invariant. This would rule out the
single-field models of inflation that have dominated
the theoretical landscape for the past thirty years. Con-
versely, the absence of UCMHs can be used to es-
tablish upper bounds on the amplitude of the primor-
dial power spectrum on small scales (Bringmann et al.
2012), which would rule out inflationary models that
predict enhanced small-scale structure (Aslanyan et al.
2016).

Like standard DM halos, UCMHs are too diffuse
to be detected by regular photometric microlensing

searches for MAssive Compact Halo Objects (MA-
CHOs). Because they are far more compact than stan-
dard dark matter halos, they however produce much
stronger astrometric microlensing signatures (Li et al.
2012). By searching for microlensing events due to
UCMHs in the Milky Way, Theia will provide a new
probe of inflation. A search for astrometric signa-
tures of UCMHs in the Gaia dataset could constrain
the amplitude of the primordial power spectrum to be
less than about 10�5 on scales around 2 kpc (Li et al.
2012). Fig. 2.8 shows that with its higher astrometric
precision, Theia would provide more than an order of
magnitude higher sensitivity to UCMHs, and around
four orders of magnitude greater mass coverage than
Gaia. These projections are based on 8000 hr of ob-
servations of 10 fields in the Milky Way disc, observed
three times a year, assuming that the first year of data is
reserved for calibrating stellar proper motions against
which to look for lensing perturbations. Fig. 2.9 shows
that Theia would test the primordial spectrum of per-
turbations down to scales as small as 700 pc, and im-
prove on the expected limits from Gaia by over an or-
der of magnitude at larger scales.

The results will be independent of the DM nature,
as astrometric microlensing depends on gravity only,
unlike other constraints at similar scales based on dark

11

Before

After

125 Myr 75 Myr 25 Myr

25 Myr 75 Myr 125 Myr
Colorbar: mean displacement 
contours amplitude of bending modes in velocity space 
plain line = +; dashed lines = -  
triangle = actual location of sub halos





• v > vesc ~ 500 km/s 
• > 20 known today  
• Too far/too faint to be seen by Gaia 
• Likely originate from Galactic Center 
 ⇒ trajectories (transverse motions) measure shape of MW potential

10 µas/yr accuracy required    Gnedin+05 
Theia → axis ratios to ∆(c/a) = 0.05 

oblate spherical prolate 
(ΛCDM)
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Theia offers a unique window of opportunity; measurement cannot be done from the 
ground. Laser-AO imagers have FoV of less than 1 arcmin, even smaller than HST, 
which at high Galactic latitudes contain few quasars 

proper motions precision of 5 -15 µas/yr for a typical R=17-19 mag of 
HVS for 125 ours of observation in 1 year.  

Will help to determine if HVS from a three-body 
interaction and ejection from the deep potential 
well of SgrA*

Dark Matter 
Triaxiality of halos
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2 SCIENCE CASE Theia

Fig. 2.5: Example of a reconstruction of the Galactic
halo shape from Theia’s measurement of proper motion of
HVS5. The assumed proper motions correspond to a pro-
late model with qX = qY = 0.8qZ , marked by a red square.
Shaded contours represent confidence limits correspond-
ing to the expected 1, 2, and 3sµ proper motion errors.
The outer blue contours show the accuracy that would be
achieved by Gaia at the end of its mission, even if its ex-
pected error was reduced by a factor of 2.

2.1.3 Orbital distribution of Dark Matter from
the orbits of halo stars

The orbits of DM particles in halos2 cannot be detected
directly since DM particles interact only weakly with
normal matter. However, in a triaxial potential such
as described above, it is expected that a large frac-
tion of the DM orbits do have any net angular mo-
mentum. Hence these particles should get arbitrarily
close to the center of the cusp, regardless of how far
from the center they were originally. This allows dark
matter particles, which annihilate within the cusp to be
replenished for a timescale 104 longer than in a spher-
ical halo (analogous to loss cone filling in the case of
binary black holes Merritt & Poon 2004).

Recent cosmological simulations show that the or-
bital distributions of halo stars are similar to those of
DM particles (Valluri et al. 2013, see Fig 3.18). The
orbits reflect both the accretion/formation history and
the current shape of the potential because DM halos
are dynamically young (i.e. they are still growing and
have not attained a long term equilibrium configura-
tion where all orbits are fully phase mixed). This
opens up the very exciting possibility that one can in-
fer the orbital properties of DM particles by assuming
that they are represented by the orbits of halo stars.

2For an analysis of orbital content of DM halos see Valluri et al.
(2010, 2012); Bryan et al. (2012); Valluri et al. (2013).

By combining the high accuracy determination of
the shape (see Sec.2.1.2), the radial scale length, and
density normalization of the dark matter halo of the
Milky Way with accurate positions and velocities for
halo field stars (which are obtained for free in by tar-
geting HVS), we estimate that it will be possible to de-
rive the orbits of 5000-10,000 field stars and thereby to
infer the orbital distribution of dark matter particles.

2.1.4 Perturbations of the Galactic Disc by Dark
Matter subhalos

A central prediction of LCDM in contrast to many al-
ternatives of DM (such as warm DM, e.g. Schaeffer
& Silk 1984 or interacting DM, e.g. Boehm et al.
2014) is the existence of numerous 106 to 108 M�
DM subhalos in the Milky Way halo. Their detec-
tion is extremely challenging, as they are very faint
and lighter than dSphs. However, N-body simulations
of the Galactic Disc show that such a DM halo pass-
ing through the Milky Way disc would warp the disc
and produce a motion (bending mode), as shown in
Fig. 2.6. This opens new avenues for detection as such
perturbations of the disc would result in anomalous
motions of the stars in the disc (e.g. Feldmann & Spol-
yar 2015 for recent analysis), that could give rise to an
astrometric signal.

These anomalous bulk motions develop both in the
solar vicinity (Widrow et al. 2012) and on larger scales
(Feldmann & Spolyar 2015), see Fig.2.7. Therefore,
measuring very small proper motions of individual
faint stars in different directions towards the Galac-
tic disc could prove the existence of these subhalos
and confirm the CDM scenario. Alternatively, in case
they are not found, Theia’s observations would pro-
vide tantalizing evidence for alternative DM scenar-
ios, the most popular today being a warmer form of
DM particle, though these results could also indicate
dark matter interactions (Boehm et al. 2014).

A field of view of 1� ⇥ 1� in the direction of the
Galactic disc has ⇠ 106 stars with an apparent magni-
tude of R  20 (given by the confusion limit). Given
Theia’s astrometric precision per field of view, Theia
could detect up to 7 impacts on the disc from sub-halos
as small as a few 106 M�.

2.1.5 Ultra-compact minihalos of dark matter in
the Milky Way

In the LCDM model, galaxies and other large-scale
structures formed from tiny fluctuations in the distri-
bution of matter in the early Universe. Inflation pre-
dicts a spectrum of primordial fluctuations in the cur-
vature of spacetime, which directly leads to the power

10

The assumed proper motions correspond to a prolate model 

with qX = qY = 0.8 qZ , marked by a red square. 

5 HVS over 4 years, for a total of 2500 h. 
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Compact objects

Measurements of orbits and distances 



Explore Concept  
(mini Theia to study alpha Cen)

α Cen is at 1.3 pc;  
An Earth-like planet signature around α Cen A&B is ∼ 2.5μas 
α Cen A & B are separated by several arcseconds on the sky 



The EXPLORE telescope

TMA 



Use of  reference stars could be a good way to do the platescale, 
without any need for additional calibration equipment on the payload.

Using reference stars

Reference star
Double star

astrometric 
error

α1

2



EXPLORE capabilities
15 (20, 25,30) cm mirror; capable of  staring at all nearby FGKM stars. 
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Small-Jasmine



Astrometric Measurement in Hw-band (1.1 μm - 1.7μm) 
Infrared astrometry to survey the Galactic nuclear bulge, hidden by interstellar dust in optical bands



• X-ray binaries (e.g. CygX-1), 
• γ-ray binaries,
• Planetary systems of brown dwarfs, 
• Star-forming regions besides the area near the center

Main survey: Focus on nuclear bulge around the Galactic center

Second survey: 

Small-Jasmine’s Science case



The Stare concept

Swedish proposal focus on alpha cen



Source Time Sensitivity

Cen
When the sat is not behind the 
Earth ∼ 20 min per ∼ 90 min orbit

1 M Earth in the HZ 
of α Cen A and B.

    61 Cygni Same as above 6 M Earth in the HZ 

↵

Stare
small-aperture telescope (12.5 cm diameter)



Telescope Detector

Optical components will be made in Zerodur sCMOS detectors less sensitive to cosmic ray hits 

The pre-camera part of the telescope will be kept 
thermally stable to a ∼ 1 K-level precision

chip of 2 k*2 k pixels, read out in global shutter 
mode at a 50 Hz rate (20 ms per frame)

split up wavefront of the incoming light prior to the 
focusing optics using a form of transmissive phase 
grating, which produces dispersive first- and second-
order PSF features at fixed angular separations from 
the nondispersive zero-order features of the two stars

The detector is strongly oversampled (a factor 
20 relative to the FWHM) which partly serves 
to average out flat field-related errors, and 
along with the high frame rate, it keeps the 
targets comfortably within the linear response 
regime of the detector.

wedge filters are used to produce a transmission 
profile which is close to 1 between 450 and 550 nm 
and between 650 and 750 nm and zero elsewhere. 

Each spectrum is split up into a blue and a red spot.



Conclusion



Missions/
purpose NEAT Theia Explore Small-

Jasmine Stare

Exo-
planets

Dark 
Matter

Neutron 
stars

GC

Other

Mission summary

}
Cannot see faint stars



Missions/
purpose NEAT Theia Explore Small-

Jasmine Stare

Telescope Formation 
fly TMA TMA Modified 

Korsch 
(3M)

Cassegrain

Size 1m + 40m 80 cm 10/20/30 
cm

30 cm 12.5 cm

Camera CCD CCD/
CMOS

CMOS CMOS CMOS

FoV 0.6 deg 0.6 deg 0.6 deg 0.6 deg Small

Orbit L2 L2 Geo SSO Leo

Astrometry Relative/
pointed

Relative/
pointed

Relative/
pointed Survey Stare

Precision ~ 0.1 μas/yr ~ 0.1 μas/yr ~20 μas/yr ~ 20 μas/yr ~ μas/yr

Band Visible Visible Visible Infrared Visible

Collaborati
on

ESA/
Internatio

nal

ESA/
Internatio

nal

Subset 
Theia Jaxa Sweden

Mission summary





piggyback ~ 5 millions?

246 ESA man months -> normal price

Swedish:8 Millions…

perhaps still at 1.2



cheaper for geo than L2

cheaper for geo than L2

Now possibly reduced to 14 -20 (with instrument)? 

cheaper as there will be only 1 module

between 14-20 ??



CMOS, single tile 
1 module  

(not 2 like for microNEAT!)

probably cheaper 
because a much simpler 

configuration



The Explore telescope 

1 block Zerodur telescope
Zerodur features (Schott company)

- low ETC = 0 +/- 0.02  10^-6  K-1 
      => no need for sophisticated thermal 
          regulation

- machinable                                                        

- mechanical stress 
- < 10 G Pascal (usual)
- < 50 G Pascal (polished, or acid etching)

Question: can it stand space qualification?



Surviving launch ?

Requirements
1. stand static acceleration : 100 g
2. stand 30 g at f = 30 Hz
3. Eigen vibration frequencies: all > 200 Hz

Check of 1.
- Mirror M2 + spider

V M2  = π/4 (3)2  1    [cm3]
ρ = 2.53 g/cm3

    MM2  ≈ 20 g 
  assume Mspider = MM2 => 40 g 

- M1 - M2 holder (cylinder)
    e = 0.3 cm, H = 37 cm, Mholder = 550 g

3 cm

1 cm

Can it stand static 100 g? 

Holder
 base section = 0.3 x 37… = 5.9 cm2

 Pstress = (Mholder / sect) * 100 g
= 9.1 105 Pascal
 ≈ 1 M Pascal  <—> OK

Spider
TBD, but should be easy to design
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Gaia post-launch Theia improvement

Telescope Aperture 1.45 x 0.5 = 0.73 m2 0.8 m → 0.40 m2 0.55

Field of view 0.5 deg

Coverage Survey Pointed 

Astrometry Global Differential

Exposure time per field 76 x 9 (CCD) x 4.4 sec = 0.84 hr 25 x 40 hr = 1000 hr 1200

Additional factors 2D vs 1D astrometry: 1.4, Gaia Stray light: 1.9

Proper motion 
accuracy G=10 star 3.5 μas/yr 0.11 μas/yr 30

Proper motion 
accuracy G=15 star 14 μas/yr 0.4 μas/yr 35

Proper motion 
accuracy G=20 star 330 μas/yr 5 μas/yr 66



Lesson from Gaia :: Monitor, monitor, monitor

Theia : the new Astrometry frontier

Interferometers for instrument monitoring and astrometric corrections.

THEIA
Microarcsecond Astrometric Observatory

Faint objects in motion : the new astrometry frontier
Proposal for a medium size mission opportunity in ESA’s science programme (M5) mission

Theia lead proposer :  Prof Céline Bœhm
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Theia : the Universe in motion

TheiaM5-FPA-Iteration-3
Draft 04/09/2016 - Not For Disclosure

Theia::Modifications for 
the proposal

Not done, but...

Mechanical verification of the deformations on the 
primary mirror due to the M1 supporting fingers 

for Soyuz-like launch conditions



Astrometric displacement scenarios for the pessimistic 100mK dT and SiC structure

27th July 2016 - Early draft ON-AXIS DESIGN, LONG-LONG

median of the residuals after the simple modelling with a Cheby. pol. of order 8

3.57 uas 3.31 uas 12.63 uas 26.37 uas
Assuming a 10x lower dT is realistic. Gaia has <100x dT.



Astrometric displacement scenarios for the pessimistic 100mK dT and SiC structure

27th July 2016 - Early draft ON-AXIS DESIGN, LONG-LONG

median of the residuals after the simple modelling with a Cheby. pol. of order 8

3.57 uas 3.31 uas 12.63 uas 26.37 uas
Assuming a 10x lower dT is realistic. Gaia has <100x dT.

Even with sub-optimal modelling, assuming a 
realistic dT of 1mK, we reach the astrometric 

goals of ~150 nanoarcsec if we assume to know 
the positions of the mirrors.





The different concepts

Stare

Explore

Small-jasmine


