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The Mission Makers

> ESA

» Thales Alenia Space, Air liquide
» CNES & CNRS (HFI)

» ASI (LFI)

» NASA

» CEA, Universities

» 13 laboratories (5 in France) in Europe & North
America

www.planck.fr

www.rssd.esa.int/index.php?project=PLANCK&pag
e=index
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Planck in a nutshell -

Third generation satellite for the 3K CMB measurement, after COBE
and WMAP

1900 kg at take-off (Ariane 5, 14 may 2009), small halo orbit around
Lagrange point L2

Off-axis Gregorian telescope: primary 1.5m, secondary 1m, main axis
pointing at 85 degrees away from the spin axis.

2kW, Telemetry: 100kbit/s (3 hours download per day), 2TeraBytes
per year

Warm launch, passive cooling and complex cryogenic chain, with 2
cryo coolers ( 20 and 4 K), open-cycle dilution 1.6, 0.1K (48.000 litres
of Helium)

52 bolometers (HFI) et 22 radiometers (LFI)

>4 complete maps of the continuum sky at 9 frequencies: 30-900 GHz
(1cm-0.33mm). Scanning at 1rpm.

600 scientists, 650 MEuros, 1991-2009, M-class ESA project (450
MEuros for ESA)

HFI= 150 MEuros of which 56% France : CNES+CNRS
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Herschel

A or

Acl —ﬁ\ Planck
VEB _Qlo'

EPS

Sylda: Systeme de Lancement Double sur Ariane
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Planck launch 14 May 2009
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Launch (14 May 2009) -

Main cryogenic stage Ariane 5 ECA from KourOu, Guyanna

engine shutdown (H2)

and separation ',’ < s s 28th SU,CCCSS, 44th lallnCh

f‘j Upper Upper
r aa stage st3 ; .
i s s 0 tons payload (inc. sydaracu)

A w780 tons at HO
 {T—— 13 MNewton at takeoff

1/ TIME (s) ALTITUDES
1y EVENT COUNT AS-ECA
Nl RAMP results
i { {Optimal case)
- y Inertial platform release -3 0
* v/ SRE flame-out (H1) and separation EPC Vulcain engine ignition command HO 0
o EAP ignition and Lift-Off 7.05
End of vertical rise, beginning of pitch motion 12.05
Atmospheric flight at zero angle of attack 25.32
Maximum dynamic pressure 638.0
' Launch vehicle acceleration threshold detection H1 139.78 65.84
v EAP separation 140.56
' Beginning of guidance 145.86
; Main crycgenic stage engine ignition (HO) Fairing jettisoning 190 62 104 .98
' cpp ignition and lift-off End of EPC main thrust phase H2 536.63
EPC separation 542.63 160.98
y I ESC-A Ignition 549.63 159.67
' 2nd peak of aeroflux 767.00
ESC-A shutdown -Injection H3 1495.35 968.44
Rl ol Composite orientation to separation attitude 1508.25
HERSCHEL separation H4 .1 1629.25
Composite orientation 1639.05
SYLDA-S separation H4.2 1789.35
Composite reorientation 1799.75
PLANCK separation H4 3 1910.35
ESC-A avoidance manoeuvres 1936 .25
End of launch vehicle mission 2507 .05
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Cruise to L2

- After 1 day: 220 000 km, 2 days: 340 000 km
- HFI turned on for 2 days, after 5h, cryogenic
opérations: cernox, dilution et 4K
- Commissionning: 48 days
Non-contamination (170 K): 15 days
Passive cooling and
Cryogenics (reach L2 and 100mK): 33 days
- Calibration phase: 40 days
- 15" survey L+3 months (August 2009)
- One survey every 6 months
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HF Foinex

Missions to L2
+« WMAP

+ Planck

+ Herschel

« GAIA

« JWST

+ Euclid?

+ SPICA?

+ Darwin?
ALI:

2 SOhO, ACE

Lagrange (libration) points L1 to L5 on the “Jacobi surface’ (green) in the Sun-Earth system (not o scale)
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HES suine

Spin axis / AntiSolar <~ 10
Spin axis / Earth <~ 15 deg.

1g+00g T T T .
| Planck Lagrange points were

T discovered by

Euler (3 coaligned ones)
in 1750.

Lagrange established

the 5 solutions.

‘The equilibrium point

1s unstable

+ (23 days timescale).

Halo orbits and

Lissajous orbits are stable.
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The time machine

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. ! Galaxies, Planets, etc. l(
i i, .f‘:‘ .-

s et P |
19 - i = i

Inﬁ.nliqp _

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years
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Map of the temperature fluctuations of the 3K CMB measured by WMAP. The tiny fluctuations are ©
shown on an all sky Mollwei de projection. Peak-to-peak variations of 0.02% with respect tothe e
mean temperature of 2.725 Kelvin. (NASA and WMAP Collaboration)

AT~100 uK (WMAP)

Measure cosmological parameters
Initial conditions leading to the formation of galaxies

Constraints on the primordial universe and
-Xavier Désert APC
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Cosmological parameters
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Parameter constraints
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Concordance model b
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w=—1 fixed WMAP _
SN |
D,(0.275) .

_. Q=0




Our Strange Universe e

Cosmic Camembert

M Dark Energy
B Dark Matter
Atoms
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Planck: Bolometers near the 3K CMB
photon noise limit

In temperature,

limited by cosmic variance

(one sample of Universe)

CMB Fluctuations (pIK)

COBE-DMR resolution ~ Plan ck resohition
- « ™ o i SSRnhey Sl
/ ( : \. ‘w\ "-'"ﬂ ‘ . 5 ; " ;
. ‘ . 4 : f PR '_7.-,..'- * ', I :
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Planck 1 vear
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-
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© collaboration Planck-HF| France

Cartes simulées du ciel CMB par le
modeles cosmologique standart. Les 2
figures du haut montrent pour I'ensemble
du ciel les anisotropies en température et
les différences de résolution entre COBEI
(en haut a gauche) et Planck (en haut a
droite). De méme, les 3 figures du bas
montrent les différences tres significatives
entre les résolutions VWMAP! (94 GHz, 15
FWHM, 2 ou 8 ans dobservation) et
PLANCK (217 GHz, 5 FWHM, 1 an
d'observation), calculées et cumulées au
niveau « bruit de mesure ».

BlueBoo
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2.3 Cosmological Parameters from Planck

% WMAP
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Fig 2.12.
run (solid line), with a realisation of a model having with ng = 0.95 (at a fiducial wavenumber of kg = 0.05 I\[pc:_lj
and a run of dng/dInk = —0.03.
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Same as Figure 2.11, but now comparing the concordance ACDM model, having ng = 0.95 and zero
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Fia 2.13.—Farecasts for the +1a errors on the temperature-polarization cross-correlation power spectrum C‘!TE
in a ACDM model (with r = 0.1 and 7 = 0.17) from WMAP (4 years of observation) and BOOMERanG2K (left)
and Planck (right). In the left-hand plot, flat hand powers are estimated with A¢ = 100 for both experiments for
case of comparison. The inset shows the WMAP forecasts on large angular scales with a finer Al resolution. For
Planck, flat band powers are estimated with A¢ = 20 in the main plot, but with Af = 2 in the inset on large scales,
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\ circuits
\
7

Focal Plane of LFI Fully W Wave guides 3 V-grooves
y Ff:‘:’ ;-""“ ksl (Low Frequency assembled to the back end providing a passive
. .I:ns?rumr:nq:}' el Instrument) focal amplifiers of LFi cooling to 50K
and HF! plane
Sarption cooler Joule-Thomson - *HE a'”d_"HE tanks - After dilution, - The 3 cooling
providing 18-20 K cooler providing 4 K for difution the Helium is }
to LFI & HFI to HFI g;’;::{;fr:';f’:‘;! vented into space qd

)

The electronics
inn the service
module

The assembled
SVM below the
V-grooves
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Planck Collaboration: The thermal performance of Planck
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LEVEL 1

LEVEL 2

LEVEL 3

Create raw database
* Interpolate satellite attitude
* Raw bolometer data
* Housekeeping

l

TOI processing
« Demodulation, low-pass filter
= Deglitching, flagging

Trend
analysis
products

» Gain nonlinearity correction -
= Thermal decorrelation
= 4K cooler line removal
* Deconvolve transfer functions

Mapmaking and calibration

In-flight characterization
* Focal plane geometry

* Beam shapes

* Noise properties

* Transfer functions

* Photometric calibration (dipole
and FIRAS)

» Form Healpix rings

* Destriping offsets

» Gather rings into maps

Instrument

model

Freguency maps, difference\
maps, Healpix rings

LN

CMB s_ubtraction Compact source pipelines
*» Galaxy and point source mask * Source detection, extraction algorithms
» Generate needlet ILC map » Monte Carlo quality assessment

CMB-removed
frequency maps

* Subtract ILC from frequency maps l
Early Release Compact
Source Catalog

Update TOI processing
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Cosmic ray interaction

H Nc;_{

HFI Core Team: HFI Data Processing
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Figure 4. Raw TOls for three bolometers, the *143-5" (top), *545-2" (middle), and ‘Dark 1’ (bottom) illustrating the typical behaviour
of a detector at 143 GHz, 545 GHz, and a blind detector over the course of three rotations of the spacecratt at | rpm. At 143 GHz, one
clearly sees the CMB dipole with a 60s period. The 143 and 545 GHz bolometers show vividly the two Galactic Plane crossings,

also with 60 s periodicity. The dark bolometer exhibits a nearly constant baseline together with a population of glitches from cosmic
rays similar to those seen In the two upper panels.




HFi ponvex

HFI Core Team: HFI Data Processing

W)

s TN |
W

&no 0

— :r. e T |
= 50 i
v :

~ 40 :
S E | | | =
i 30 | | I '
e I o ' o il
I o LY i _JNJ'LA_ Y J'\_. J % _JJ"-\... el N
20 & 1 I TR L 11 1 T 11040 1 1 1 AT AT AT T TITRFE e |
= T.4} |
s 1.2 | 2
k i i

=
: 1.0
> o8l

0.6 |
] I
C."‘: :_J.Il Limil B I BT | BT M UE BlpAmS Il Ml Lasamssldl R oI B S man CTEN T . Ailm AREE] S LN 18 | | BURS | I Wi T A 1s . i siuin I.J._I.:-
O 50 100 1 50 200
Time (s)

Figure 19. Processed TOI for the same bolometers and time range as shown in Fig. 4. Red samples are considered valid. Times
where data are flagged, are indicated by the purple ticks at the bottom of each plot.
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Figure 20. Processed TOI as in Fig. 14, but with the ring averaged signal subtracted to enhance features near the noise limit. Times
where data are flagged, are shown by the purple lines at the bottom of each plot. Purple zones show where the strong signal Flag 1s
set, where the phase-bin ring average subtraction 1s not expected to vield a perfect signal cancellanion.
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HFI Core Team: HFI Data Processing
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Figure 43. CMB-removed channel maps. From left to right and then top to bottom, the maps correspond to the 100, 143, 217, 350,
543, and 857 GHz.
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HFI Core Team: HFI Data Processing

100GHz 143CHz @ ;
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Figure 34. Residual maps of the half differences between the maps made from the first and second half rings projection (from top
left to bottom righe: 100, 143, 217, 353, 545, 857 GHz) in 1.7 arcmin pixels (Nside= 2048). Note that the CMB channels at 100-
217 GHz are all shown on the same color scale. In addition the noise pattern, which is well traced by the hit maps of fig. 33, one also
see the small differences (relative to the signal), when gradients of the signal are large (mostly in the Galactic plane) and sub-pixel
effects become quite apparent.



Planck HFI in-flight sensitivity &
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Figure 35. Power spectra trom the difference maps shown on
Fig. 34, on the tull sky (salid line) and atter masking the Galactc
plane (dashed line). The skv coverage correction was done ac-
cording to Tristram et al. (2003). As expected, the difference
15 only substantial at high tfrequency, when gradients of the
Galactic signal are large.
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Comparison with Blue Book -
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0,1

The combination of residual excess low frequency noise and better than the goals NETs
leads to current maps whose high frequency noise is rather close to goal values ©

L
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Comparison Blue Book / WMAP . =2-.

PLANCK LFI HFI

Center Freq (6Hz) 30 44 70 100 143 217 353 545 857
Angular resolution 33 24 14 10 7.1 5.0 5.0 5 5
(F‘?JHM arcmin) Q

Sensitivity in I [uK.deg] 30 30 30 1.1 07 1.1 3.3 33 3.0

[Gpix Qpixuzl . I ) ' '

v
WMAP Center Freq 23 33 41 61 94

The aggregated sensitivity of
Angul soluti .
(FWHM ;i;ﬁ:fn M S @ Planck core CMB channels is

Sensitivity in I 126 125 | 153 | 156 [(is0) ~0.5pK.degin T
[uKdeg], 1yr (8yr) | (4.5) |(4.6) | (4.7) | (5.5) (nominal mission - 14months)

NB: Anticipated survey duration is now ~30 months, so final sensitivity ~0.33 uK.deg in T
(approx 1000 years of WMAP 60+90GHz aggregated sensitivity of 10.8 pK.deg in1yr)
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Planck first light HF rner

Comparison with a sky photo in the visible
ESA, Planck HFI & LFI consortia, and Axel Mellinger
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@ . Outside the galactic plane
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The Planck one-year all-sky suruey Eesa (c ESA, HET and LFI consortia, July 2010
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The Planck one-year all-sky suruey

Eesa

(c) ESA, HFI and LFI consortia, July 2010
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The Planck one-year all-sky suruey esa (0 ESA, HFL and LFI consortia, July 2010
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Spectrum of Interstellar Dust e
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T, changes

because emissivity changes
not because

the radiation field changes

Dust temperature

T{K)

1414
.—l.—ﬁ—l—l—'ll P | PR T T T T N N T T S

0.0 0.5 1.0 15 2.0 2.5
o, 1200 (10% cm®)

Fig. 16. Temperature vs emission cross section esimated from
345 to 3000 GHz with § = 1.8 Black 1s local, blue 1s IVCs,
red 1s HVCs and green 1s the data points obtained on the Taurus
molecular clouds (Planck Collaboration 201 1u). For the latter
the error bars give the dispersion of T mn each bin of .. The
solid line respresent a constant emitted energy tor the diffuse
ISM reference values (o = 1 X 107" em™ and T = 179K -
dotted lines).
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Filaments by Herschel
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Global Emission of the Milky Way

The Planck collaboration: Properties of the interstellar medium in the Galactie plane

Dat
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'
8 s“ |
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Fig. 3. Results of the inversion for the 37 GHz band. From top to bottom are the: observed emission, modelled emission, atomic
contribution, molecular contribution, ionised contribution, dark gas contribution, svnchrotron contribution, residual, and relative
residual. All images except for the residual maps are at the same Intensity scale. Contours are drawn on the relative residual map
every 3%. The centre and anti-centre regions have been masked as the kinematic distance method is inapplicable to these regions.
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Fig. 6. SEDs for the atomic component, each sorted in increas- f‘ 'lr
ing Galactocentric radius. The colour of the symbols refer to * o E-pal- 4 =
the mission the data came from: IRAS (blue), DIRBE (vellow), ) /
HFI(red), LFI{green) and 1.4 GHz (black). The SEDs also show 1.E=06 :
various fitted laws: the dotted line is the thermal dust SED, the 10092 1o00 ,[,:';f‘f] e '
short dashed line spinning dust in an atomic medium, and the
;O];_d ]"_w [hgt SUE’I O; i]]_mngmgﬁmm‘ ]Ehej_smfmmtg d_“[]m?m' Fig.7. SEDs tor the CO component, each sorted In Increasing
v W WV - H 1#¥F. H
i:l{lt]ti::n::or;lg] aee.sits% fofdr:;;]ﬁjo rﬁ::;gmﬁtp;ﬁ anLIL:: Galactocentric radius. The different lines and colours are as de-
= in the outer Galaxy is most likely false, and due to crosstalk be- scribed in Fig. Blexcept for the long dashed line which represents

spinning dust in a molecular medium.

C tween the atomic and synchrotron template. APC 15 Mar.ch 20



First public Planck data

Planck Early Release Compact Source Catalogue

15000 sources. >200-600 mJy (10 sigma), +ECC, ESZ
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Sunyaev-Zel'dovich effect

Compton parameter: y ~N T

: Y=inteﬁral :z dOme%az ~ M% T ~ M3

44GHz 100GHz 143GHz 2176Hz
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Coma Cluster of galaxies T

Coma

HST - Visible Planck (color) & XMM (contours)
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Planck Collaboration: The Planck all-sky Early Sunyaev-Zeldovich cluster sample

Fig. 6. lllustrations of reconstructed y-maps (1.5° x 1.5°, smoothed to 13 arcmin) for clusters spanning 8/N from 29 to 6 from the
upper left to the lower right.

199 clusters detected by Planck . %

199 robust detections
30 new clusters

Most are Rosat clusters
first SZ detection
7<0.7
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Follow-up by XMM-Newton

Planck Collaboration: XMM-Newton follow-up for validation of Planck cluster candidates

SNR=10.6 CK G271.2-31.0 SNR=85

21/25 success

6 SNR=6.0

Fig.5: XMM-Newton images of all confirmed cluster candidates, except for the two triple systems, in the [0.3-2] keV energy band. The observa-
tions of PLCK C 9+48.8 and PLCK G25(.0+2
a side, where & stimated from the M 3
err

gh background thathas only been crudely subtracted. Im:
.1 Images are corrected for surf:
ic absorption and instrument response, and scaled
s would be identi

ivity in the energy band, taking i 1
colour table is the same for all clusters, so that the im
show evidence for significant morpholc
RASS-BSC/FSC source.

¢ of the objects

1 if clusters obeyed strict self-simi
s the position of a
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2 super clusters

Planck Collaboration: XMM-Newton follow-up for validation of Planck cluster candidates

10°E PLCKG214.6+36.9

107"

1072

Surfoce Brightness {ct/s/arcmin™)

= SRC-B
w0 SRE-C , 1
aad . PR
o1 1.0
Rodiug [aremin)
10°F PLCKG334.8-38.0

10

Surlace Brightness (et/s/aremin™?)

0.1 1.0
Raodius (aremin)

Fig. 12: The triple systems PLCK G214.6+37.0 (top) and PLCK G334.8-38.0 (bottom). The left panels show the Planck ¥5z map (derived from
an Internal Linear Combination method) with contours from the XMM-Newron wavelet filtered [(0.3 — 2] keV image (middle panels) overlaid in
white. The cross marks the positon of the re-extraction centre for flux re-analysis. Extended components found in the XMM-Newiton mmage are
marked with letters (see text and Table 2). The cireles in each XMM-Newton image denote the estimated R s radivs for each component. The right
panels show the X—ray surface brightness profiles of the three components for each super cluster (points with uncertainties), and the best-fitting
A-madel (solid lines) compared to the profile of the Point Spread Function normalised at the central level (dashed lines).
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HF ponex

No missing hot baryons

107 1882 X-ray selected clusters

with homogenised L, z
MXCX (Piffaretti et al 2010)
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The Cosmic Infrared Background
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Figure 6. Contribution to the CIB per redshift slice, extracted
from [Béthermin et al) (20104). The black solid line is the CIB
spectrum predicted by the model. The contribution to the CIB
from (0 = 7 « 03,03 <z < 1,1 <7< 2andz > 2
galaxies 1s given by the red short-dash, green dot-dash, blue
three dot-dash and purple long-dashed lines, respectively. Lawer

limits coming from the stacking analvsis at 100 gm, 160 pm
2010), 250 m, 350 m. 500 m (Marsden el
. 850 m (Guevestall 2009 and 11 om (Sooteral

1 are shown as black arrows. The black diamonds give the

[Matsuura et all m absolute measurements with Akarl. The

black square the Lagache et all (2000) absolute measurements
with DIRBE/WHAM and the cyan line the Lagache et al) (2000)

FIRAS measurement.

Typical Galaxy Spectrum at z= 0.05
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The CIB anisotropies
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Figure15. Comparison of the observed CIB mean and
anisotropy SED. The CIB measurements are from Lagache et all
(1999) (FIRAS spectrum in black) and Peninerall 2011)
(Spirzer and [RI5, pink diamond data points). The green and blue
continuous (dashed) lines are the CIB fits from [G_Jj_p_&[[_&Lal.
@000 and Fixsenetall (1998 (multiplied by 15%). The rms
fluctuations of the CIB anisotropies, measured for 200 < £ <
2000, are shown with the red dots. Error bars include both sta-
tistical and systematic errors. This figure shows that the CIB
anisotropy SED is steeper than the Fixsen et all (199%) best fit
but very close to the Gispert et all(20000) best fit. We see no evi-
dence for different CIB mean and anisotropy SED.

20603

Figure4. Maps of the 26 Sq. Deg. of the N1 field, from lefr to right: 217, 353, 545 and 857 GHz. From top to bottom: raw HFI © _ 0
maps; CMB- and ERCSC source-cleaned maps; residual maps (CMB-, sources-, and cirrus-cleaned); residual maps smoothed at 10/ ‘ IB Anlstropy— 1 5 A) ‘ IB

to highlight the CIB anisotropies. The joint structures clearly visible (bottom row) correspond to the anisotropies of CIB. Residual

point sources are also visible. They have fluxes lower than the fluxes of the ERCSC removed sources. They have no impact on our
malysis 0.02% for CMB
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CIB comparison ©
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Figure 17. Comparison of BLAST and HFI measurements at
545 and 857 GHz. HFI data points are the red circles; BLAST
data points are the black triangles. They have been color cor-
rected for the comparison (the color has been computed using the
CIB SED of ﬁ , integrated through the BLAST
and HFI bandpass filters). The dashed line is the BLAST shot
noise (also color corrected). Also shown is the BLAST best fit
clustering model (black dash-dotted line) and the total contribu-
non (shot noise plus clustering; continuous green line). It pro-
vides a good fit to the Planck data.
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Figure 16. Comparison of SPT (Hall et al. 2010, dark triangles)
and HFI measurements (red dots) at 217 GHz. The green dashed
line corresponds to the SPT shot noise and the green dot-dashed
line to the clustering model of Hall et al) , the sum of the
two being the continuous green line. The clustering model over-
predicts by a factor = 2.4 the HFI power at £ = 800. When
normalised by this factor (dash-dotted line) the clustering+shot
noise (continuous line) now under-predicts the SPT data points,
which may be the signature of non-linear contributions.




Planck Goals

» Best precision on cosmological parameters

» Set the Initial conditions for the large-scale
structure formation

» Test the inflationary Big Bang paradigm with B
modes

» Measure gravitational lensing and Non-
Gaussianities

» Catalog of thousands of clusters of galaxies and
CIB measurement

» Catalog of 10 000 clumps at the initial star
forming stage

» Legacy: The (sub)millimetre and radio sky
» Serendipity! Rare objects
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Agenda

» 14 may 2009 : launch

» 13 aout 2009 : start first survey (6 months= 95%)

> 13 february 2010: 2" survey

» 27 november 2010: end of nominal mission

» Jan 2011: Early Release Compact Source Cat.

> Feb 2011: 3 survey finished

» Jan 2012: end of HFI lifetime (about 5 surveys)

» End 2012: Cosmological results on nominal
mission

» Jan 2013: Nominal mission data made public

» ~Jan 2014: Whole dataset public + final papers
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Additional Slides




WMAP / Planck -

Couverture du ciel Complete Complete

Gy T i t4éxlfsgopes ,dos-.a-dos 1 téIescE)pe ple 1.5x1.8m
.4x1.6m Gregorien 90K Grégorien 50K

éggkraa?)f)obr?lgyl%%(g de rotation +10° 8

Vitesse de rotation 0.5 tour/minute 1 tour/minute

Modulation par précession 0.3 mHz précession Non

Détection HEMT 90K HEMT 20K Bolométres 0.1K

Polarisation (I, Q, U) Oui Qui Qui sauf 545/857GHz

Principe de détection Ciel/(;ie! psegdg _ C_iel{Référence 4K I\/lodulation carrée

Corrélation différentielle différentielle Alternative

Etalonnage primaire Dipdle CMB Dipole CMB

Mesure du lobe Jupiter Planetes (Mars, Jupiter, Saturne, Uranus, Neptune)

Refroidissement Passif Passif + Hp J-T (20K) + He J-T (4K)

He’+He* J-T(1.6K) +
He®/He" open cycle dilution (0.1K)

Controle 3-axes, 3 roues, gyros Contrdle par rotation,
Contréle d'attitude Senseur Stellaire et Solaire, Thrusters et Senseur Stellaire et Solaire,
Puissance 419 W 2000-1800 W
Masse 840 kg 1900 kg
Lancement Delta Il 30 Juin 2001 Ariane 5 ECA (avec HSO) 14 mai 2009
Trajectoire 3 boucles avec la lune 3 mois Direct vers L2, 45 jours
Durée requise 3 mois+2 ans 3 mois + 14 mois
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1.4 % 1.6 m primary

upper amni antenna
reflectors

dual back-to-back
Gregorian optics
secundaw FPA box
reflector
feed homns

passive thermal radiator
thermally isolating

insteument cylinder
{RXB nside)

top deck
star tracker
warm 5/C and
instrument
electronics
reaction
wheels (3)

deployed solar array w/iweb shielding

WMAP basics

HES suinge
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