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The mission
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MISSION CONCEPT

S0 1 Puei = 10 K

See more details in del Burgo, Allende Prieto, Peacocke 2010
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MAIN SCIENCE PROGRAMS




PAYLOAD: GENERAL CHARACTERISTICS
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LIST OF PLANETS TRANSITING BRIGHT HOST STARS

PLANET M. RADIUS PERIOD SENEMAJAXIS ~[ECC. INCL. ANG.DIST,  JALPHA DELTA MAG.Y DIST. [FelH] MASS RADIUS
(MJUP) (RJUP) (days) (AU) (deg) (arcsec) ! (pc) (MSUN) (RSUN)
55Cnce 0.027 0.194 0.7365449 0.0156 0.057 81 0.001264 08 52 37 +28 20 02 5.95 12.34 0.31 0.905 0.943
HD 97658 b 0.02 0.262 94.957 0.0797 0.13 - 0.003777 1114 33 +25 42 37 6.27 211 -0.23 0.85 0.73
HD 209458 b 0.714 1.38 352.474.859 0.04747 0.014 86.59 0.00101 220310 +18 53 04 7.65 47 0.02 1.148 1.146
HD 189733 b 1.138 1.138 221.857.312 0.03142 0.0041 85.51 0.001628 200043 +22 42 39 7.67 19.3 -0.03 0.8 0.788
HD 149026 b 0.356 0.718 28.758.916 0.04288 0 85.3 0.000543 16 30 29 +38 20 50 8.15 78.9 0.36 1.3 1.497
HD 17156 b ! 3.191 ! 1.095 ! 212.163.979 ! 0.1623 ! 0.6768 ! 86.49 ! 0.002074 ! 02 49 44 ! +714512 ! 8.17 ! 78.24 ! 0.24 ! 1.275 ! 1.508
Kepler-21b <0.033 0.1459 2.785.755 0.042507 0 82.58 0.000394 1909 27 +38 42 50 8.27 108 -0.15 1.34 1.86
WASP-33 b <459 1.438 121.986.967 0.02558 0 87.67 0.000221 02 26 51 +37 33 02 8.3 116 0.1 1.495 1.444
[HAT-P-2 i 8.74 i 0.951 i 58.334.729 i 0.0674 i 0.5171 i S0 I 0.000571 | 162036 | +410255 | 8.71 i 118 i 0.14 i 1.36 i .64
[HDB0B0BD | 394 | 0921 | 1194363/ | 0449 | 093366 | 8u25 | U00/688 | 09223/ | 4503613 | 893 | 584 | 043 ugs | 0.98
[WASP-18 1 i 10.43 i 1.185 i 0.9414518 i 0.02047 i 0.0088 i 86 0000205 | 018725 | 454040 9.3 i 100 i 0 i 1.24 i i.23
WASP-38 b 2712 1.079 6.871.815 0.07551 0.0321 88.69 0.000686 16 15 50 +10 0157 9.42 110 -0.12 1.216 1.365
WASP-7b i 0.56 i 168 1 49.546.416 1 0.0617 1 0 1 67.03 - 0.000441 204410 1 -391331 | 9.51 1 140 1 (5} 1 1.276 1 1432
[HAT-P=11b {008 | 0452 | 4887804 | 0053 | 01498 | 88.5 | 0001395 | 195050 | 480451 | 959 i 38 i 0.31 i 081 i 075
{HAT-P-22b 1 2447 1 1.08 1 321.222 1 0.0414 1 0.016 1 66.9 0.000505 | 102244 | +500742 9.73 1 62 1 0.24 1 0:916 1 1.04
WASP-14 b 7.341 1.281 22.437.661 0.036 0.087 84.79 0.000225 14 3306 +215341 9.75 160 0 1211 1.306
X0-3b 1 1479 1217 1 31.915.23% 1 0.0454 1 0.26 1 84.2 0000175 042153 574901 | 38 1 260 1 0477 1 1213 1 1.377
WASP-8 b | o244 | 4038 | RMARTI5S | 00RO | 03t | AAAA | 0000921 | 35936 | AAMIAR | 99 AT 017 | 103 | 09R3
HAT-P-14 b 2.2 1.2 4.627.657 0.0594 0.095 83.2 0.00029 172028 +38 14 32 9.98 205 0.11 1.386 1.468
KO3 b 1 8.3 1 1.83 1 17.637 1 - 1 - 1 - 1 - 190753 I7=46 5206 10 1 - 1 -0.14 1 - 1 244

Source: data from exoplanet.eu

MUNICH -- ROPACS November 16, 2012






MICROSATELLITES

A

This is in keeping with the
general guide-lines of the

ongoing ESA Cosmic Vision

process and US National

Science Foundation remits
for low-cost missions
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TIME SCHEDULE

B

C/D

Launch

Scientific
Exploitation
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Opto-mechanical concept




THE RESEARCH DESIGN AND METHODS




OPTICS

PICK-OFF MIRROR

FOLD MIRROR
p ya
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COLLIMATOR

SPECTROMETER
Cccb

ansmission

D,

Integrated star sensor: FOV of 1 deg

Pointing stability of 0.2" (goal: 0.1")
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SPECTROSCOPIC MODE: TRANSITSs




INTEGRATED STAR SENSOR: SPOT PATTERN
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Computational Testing for Passive
Compensating Design

For a given design mechanical constraints are defined in SolidWorks
Thermal loads are then applied to the model using SolidWorks simulation
The model is then taken into TracePro and the optical path of the model is traced

An irradiance map of the detector is plotted and analysed. This tells us if the
instrument is in focus and correctly aligned

If the instrument is not in focus over the desired temperature range, changes are made
to the mechanical model , based on the results, to optimise the instrument performance

/" SolidWorks with ™/ TracePro
TracePro Bridge

Generate Optical
Model in Zemax Import STEP

Irradiance map of detector

Export to STEP Create Geometry
“® Instrument in Focus —1
pply Optical
Properties

Define Light Sources

Instrument not in focus

O due to a change in II
mirror angle -Ih
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MECHANICAL TESTING FOR PASSIVE
COMPENSATING DESIGN

To qualify final PHASES computational model, the opto-mechanical design of one
mirror and its truss structure is tested

Test mirror and supporting truss is subjected to a thermal change
Interferometer used to detect changes in the test mirrors form and relative position
Results compared to the computational model to validate the different truss designs

Beam Splitter 1 ¢

]

J/ }‘* Reference Mirror

! Beam Splitter 2

Mirror 1

Mirror Under test

Interferometer
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Absolute flux calibration




A-TYPE STARS AS FLUX CALIBRATORS

0Teff=230 K
Vega example:

Strong continuum
Response to T,¢, but
response of the
slope to T,¢, logg, and :
[Fe/H] between 450 Yy, TS
and 1000 nm VTV T

S[Fe/H]=0.5 dex

A A e ™ et e e = —————— = -
U'c’»_o..-/y:~w-‘_~———-‘-4_‘,4_-_ ————— = — === ===

Teff=10,000 K: logg=4: [Fe/H]=-0.7
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A TEST WITH VEGA

parallel model + Hipparcos parallax:
Our best fitting model:

[Fe/H]= -0.7, imposed; Teff = 9506+23K: log g
= 4.01+0.02 dex)

— flux of 5.40x107 erg s™! cm™2 A-1 at 555 nm,
or, scaled by the inferred an?ular' diameter
(3.31 mas), 3.48x10° erg s~ A-1 at 555
nm at Earth

This is in excellent agreement with the result of
@Iin of 3.46x10% erg s! cm2 A-1 //

D
@T/STIS spectrum of Vega + standard plane
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AND MANY OTHERS FROM THE NGSL

Relative flux

OUbserved

Relative flux
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Teff= 8015
logg= 3.55
[Fe/H]=-0.60

Teff=11700
logg= 3.71
[Fe/H]= 0.35
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A-TYPE STARS AS FLUX CALIBRATORS

m




Characterization of extrasolar planets
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DETERMINING THE PLANET RADIUS

om the LC's transit depth
"= planet to ste

radii ratio

=

iNtegrating
n [¥] each

spectrum , . |
~Le — star's radius
radius
Absolute fl

Hipparcos parallax (in the future GAIA)
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TIME SERIES
EXAMPLE: THE BRIGHT HD209458 AND ITS PLANET

Light: Curve Radial Velocity Curve

0.98 1 1 | | | 1 ] ] ] I I 1 !
98 0 o015  —010 : ) . ) ) ) : : 2.0 25 3.0 35 2.0
i BJD (folded) +2.451341e6

Source data: Brown et al. 2001 Source data: Butler et al. 2006
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PHASES Development Team [[ZT X}

- C. del Burgo
- C. Allende Prieto
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SUMMARY
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MORE INFORMATION ABOUT PHASES

« C. del Burgo, C. Allende Prieto, T. Peacocke, 2010, Jinst, 1,
1006: "PHASES: a concept for a satellite-borne ultra-precise
spectrophotometer”

« C. del Burgo, D. Vather, C. Allende Prieto, N. Murphy,
Proceedings of "New Quest in Stellar Astrophysics ITI, A
Panchromatic View of Solar-Like Stars, With and Without
Planets”, Puerto Vallarta, Mexico, on March 12 - 16, 2012,
APS, in press: "PHASES: a project to perform Absolute
Spectrophotometry from Space”
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