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A Brief History of the Cosmos

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

The
CMB
was
emitted
when the
Universe
was
about
3-10° of
its
current
age.

1st Stars
about 400 million yrs.

Big Bang Expansion

NS
L

13.7 billion years
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Launch

* Launch was May 1,
2009, from Guiana
Space Center,
Kourou, French
Guiana

 Artane 5 Launch
Vehicle

* With Herschel
(which is also at
the Sun-Earth L-2
point)
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Planck's Orbit around L2

Planck orbits ‘
around the - -
second
Sun-Earth
Lagrange point,
approximately
1.5 million km
further from the
Sun than the
Earth
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Planck's Scanning Strategy
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Planck/Ganga

Planck scans
the sky in
(almost) great
circles in a
plane defined
by the Sun-
Earth axis. The
full sky is
(almost)
covered each
six months.
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Exterior Temperatures

primary mirror

Mirrors: ~ 40 K

HFI facal plone
with cooled instruments

V-Groove: ~ 50 K
V-Groove: ~100 K
V-Groove: ~150 K

Platform: . ,

* Avionic

(attitude contral,

data handling)

* Electrical power

* Telecommunications
and eledronic instruments

Service Module: ~300 K

Solar panel « » o
and service module

~270 K

.'.: - s e e E_ ! M

1600 W * 36,000 Helium-4 litres,
Lifetime: = 12,000 Helium-3 litres,

21 monthes * 11,400 documents.
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Planck Has Two Instruments

« Cryoharness

Support structure = o
- « Front-end unit \_“:'.\ instru menr

- L, * HFl focal plane

1.6K-01Ke «
heat exchanger

20Ke
Cryoharness

Bolometers, filterss . r
andhorns at 01K o 4 o by o @ ®
horns at 4 K

® * « Back-end unit

| will discuss mostly HFIl. While the HFI was operating, the HFI
detectors were the coldest things in space. The HFI took data until
early 2012. LFI continues to take data, and will continue at least until
the end of 2012, and perhaps to August, 2013.
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The Planck Focal Plane

Planck has an ~1.5m
primary. lts angular
resolution goes from about

. 0 e Q.| that of WMAP to about 5
B 8. | arcminutes at 217 GHz and
ARG e G .:| higher frequencies.
%' o o
g o o
2 o o
= o o
L - - Surface du ciel
© o O | -

de Planck

R. Keskitalo
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Planck/HFI Timeline
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The HFI builds on the experience of a
number of sub-orbital experiments,
notably Archeops and BOOMERANG,

It represents over 20 years of
work and cost roughly one euro per
European.

2012-10-31 Planck/Ganga



Combined First Survey Map

Centaurus A

a3 "'».‘1 "r"i‘}'" SR

fﬁlactlc Centre

j\. :1

: Perseus

= Andromeda
@ Large Magellanic Cloud

Small Magellanic Cloud

(c) HFI, LFI and ESA Consortia (2009)
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Frequency Coverage
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Planck fills
the SubMM
range, So in
addition to
CMB
science,
Planck will
be able to
say a lot
about dust
emission in
our Galaxy
and In
others.
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Frequency Coverage
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Planck fills
the SubMM
range, So in
addition to
CMB
science,
Planck will
be able to
say a lot
about dust
emission in
our Galaxy
and in
others.
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The ERCSC”

gt g
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IC sources

Extragalact
* The Early Release Compact Source Catalog
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A Full-Sky SZ Cluster Catalog

A&A 536, A8 (2011)

et al. (2010), and in purple squares SPT clusters from Vanderlinde et al. (2010). The blue area represents the masked area of |b| < 14 deg.

Fig. 3. Distribution of ESZ clusters and candidate clusters on the sky (Galactic Aitoff projection). Left panel: in blue are ESZ clusters identified
with known clusters, in green the ESZ confirmed candidates, and in red the ESZ candidate new clusters yet to be confirmed. Right panel: in red
diamonds the ESZ sample, in black crosses the compilation of SZ observations prior to 2010, in dark blue triangles ACT clusters from Menanteau

189 SZ Detections were released as part of the “Early
Results”. More will follow in the 2013 release.
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The Coma C.I'ulsterll

A study of the Coma cluster has
allowed Planck to:

Study the SZ further from the
center of a cluster than ever
done before

Detect the presence of shock
waves

Note differences between the
actual and simulated pressure
profiles

Compare the 'y' and radio
signals

arxiv/1208.3611

2012-10-31
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Fig.3: The Planck y map of the Coma cluster obtained by combining
the 70 GHz channel of LFI and the HFI channels from 100 GHz to
857 GHz. The map has been smoothed to have a PSF with FWHM =
30’. The image is about 266x266 arcmin®. The outermost contour cor-
responds to y = 2 X 0 peise30 = 6.7 X 1077, The green circles indicate Rsy
and 2 X RSU(J ~ Rzug.
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An Interesting System

Planck and XMM have been used to investigate the dynamics of what
appears to be a system of three clusters of galaxies. The analysis
suggests that the system is in an early phase of Interaction, and
Planck was not able to detect “inter-cluster” material.

arxiv/1207.4009
2012-10-31 Planck/Ganga 16



Intra-Cluster Filaments

Planck Collaboration: P. A. R. Ade et al.: SZ in merging clusters

a) tSZ for A0399—-A0401 b) tSZ for AZO029-A2Z2033

50 " 50
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Fig.1. MILCA maps of the Compton parameter y x 10® for the selected pairs of clusters. From left to right and from top to bottom
we show the pairs of clusters a) A0399-A0401, b) A2029-A2033, c) A2147-A2152,d) A2256-A2271, e) MKW 3s-A2063, f)
A3391-A3395 and g) A0209-A0222.
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Millimeter Excess in the SMC

Planck collaboration: Origin of the millimetre excess in the LMC and SMC
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Fig. 5. Integrated SEDs of the LMC (left) and SMC (right) before and after CMB subtraction. The black points and model are taken
from Bot et al. (2010b). The red symbols show the SEDs derived from the DIRBE, IRAS, and WMAP data before CMB subtraction.
The blue symbols show the same after CMB subtraction.

A millimeter excess is seen in the Small Magellanic Cloud, and is
possibly attributed to a combination of a two-level system and
spinning dust.

Arxiv/1101.2046
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Dark Gas in the Galaxy
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Fig. 6. Correlation plots between the dust optical depth at /[RAS 100 um (upper left), HFI 857 GHz (upper right), 545 GHz (lower
left) and 353 GHz (lower right) and the total gas column density N]“F" in the solar neighbourhood (|by| > 107). The color scale
represents the density of sky pixels on a log scale. The blue dots show a N9*-binned average representation of the correlation. The

f
red line shows the best linear correlation derived at low N{* values (r = (%}m * N&* + cste). The vertical lines show the positions

corresponding to Ay = 0.37 mag and Ay = 2.5 mag. These figures are shown for a single Xco = 2.3 X 102° Hyem™2/(K kms™).

Arxiv/1101.2029
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Planck has made
maps of the
temperature and
emissivity of the
entire sky, and
comparing with H2
and CO data,
infers the
existence of dark
gas, largely
associated with
Galactic clouds.
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The Haze

PLANCK images a giant eruption from the heart of the Milky Way

Fagh S | The Galactic haze/bubbles is shown
.*% SRR " here in PLANCK data from 30-44 GHz
-‘.f.'. 2 -ﬁ:ﬁl
The same structure at 2-5 GeV as seen
.. by the Fermi Gamma-Ray Space Telescope
A multi-wavelength T . e ?% YRR S
composite image showing £ | g v ‘1-;-'4*.‘-- : TR '
both microwaves and ' ‘ B T
gamma-rays: PLANCK 30 LA B R e cat »
GHz (red), 44 GHz (green), NARRGT TNREL ST gﬁ" iogoch, N2
and Fermi 2-5 GeV (blue). RN o o ‘gi_.,; = S
arxiv/1208.5483 | :
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Cosmic Infrared Background

Far Infrared
Background

HFIl « raw » maps . .
26.4 Sq. Deg. anisotropies from

P [k 959GHE - 345GHZ - 85 10' to 2° measured
AT TR g R at 217, 353, 545
R TR R o maps and 857 GHz over
— ERCSC point sources 140 deg 2 of
S B the_ sky. This V\{lll
fmnact be improved with
— ERCSC point sources more Sky, and
— Galactic dust Compared Wlth
}: ey : with results from
r "_.;‘3 fx‘}‘ ;,,‘# }"3“}_\3 F:g‘ :!; 4 CIB maps @ 10 arcmin CMB ana|yseS.

3 e t(" R

ol >
. -t

Princeton CIB anisotroples

A&A 536, A18 (2011)
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More Cosmic Rays than Expected

vl
B

HFI saw many more cosmic ray hits than was expected, due to a
combination of surface areas sensitive to cosmic rays but not to light, to
much more sensitivity per detector than any previous experiment, and
to a period of exceptionally low Solar activity. The worst part of each hit
Is masked, and any “tails” are modeled and removed, so we are not

limited by this.
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Sensitivity to Galactic CO

Planck HFI Core Team: Planck early results. WI. HFI data processing: AA 536, A6 (2011)
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Figure 44. The average spectral response for each of the HFI frequency bands. The wvertical bars represent the spectral regions of
CO transitions and are interpolated by a factor of ~ 10.

A “broader than usual” 100 GHz filter means that Planck has more
foregrounds in this channel than expected. Planck is also sensitive
to higher CO transitions.
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Full-Sky Maps of CO

Dame, Orion region (Kkms™')
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Comparison to ground observations in molecular clouds
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Planck is working
on full-sky J1-0,
J2-1 and J3-2
maps of Galactic
CO, which does
il not exit at the

B e moment.

Commander 100 CHz Orien region (Kkms™)
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Cim

Commander 100 CHz Tourus region (Kems™')

[Dame, Hamtm:;n & Thaddsus, o
Apd, 2001, 4%, 792]
J.Aumont Planck Conference - Bologna 14/02/12
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) CMB Spectra Predictions

ﬁ Top: Temperature
& soo | " | S * | Bottom: T-E Spectra
- e o g | oft: WMAP 4-Year
. Right: Planck 1-Year
i I |G ‘; Prediction

30 oo 1500 2000 Z500 oo om0 \WMAP will ultimately

L [
Fic 2.11.—The solid lines in the upper panels of these figures show the power spectrum of the concordance

ACDM model with an exactly scale invariant power spectrum, ng = 1. The points, on the other hand, have been h ave 9 yea rS a n d H F I
generated from a model with ng = 0.95 but otherwise identical parameters. The lower panels show the residuals )

between the points and the ng = 1 model, and the solid lines show the theoretical expectation for these residuals.
The left and right plots show simulations for WMAP and Planck, respectively.

) I — LA B s S S B S R B B B B B B S B B B

Planck

10

10

These plots are
outdated and should
| | | be used only for

o o o w e me— rough comparison

i {

F1c 2.13.—Forecasts for the +1e errors on the temperature-polarization cross-correlation power spectrum C'7TE O n Iy
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 band powers are estimated with Af = 100 for both experiments for
ease of comparison. The inset shows the WMAP forecasts on large angular scales with a finer Af resolution. For
Planck, flat band powers are estimated with Af = 20 in the main plot, but with Af = 2 in the inset on large scales.
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{ ) Predicted Polarization Spectra
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F1G 2.14.—Forecasts for the 1o errors on the E-mode polarization power spectrum C@E from WMAP and B2K
(left) and Planck (right). The cosmological model, and the assumptions about instrument characteristics, are the
same as in Figure 2.13. For WMAP and B2K, flat band powers are estimated with Af — 150 (with finer resolution
on large scales for WMAP in the inset). For Planck we have used the same f-resolution as in Figure 2.13.
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Fi¢ 2.17.—Forecasts for the £lg errors on the B-mode polarization power spectrum C,-'f from Planck (for
r = 0.1 end 7 = 0.17). Above £ ~ 150 the primary speetrum is swemped by weak grovitational lensing of the
E-polarization produced by the dominant scalar perturbations. The cosmological model, and the assumptions about
instrument characteristics, are the same ae in Figure 2.13.
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| Top: E-E Spectra

Left: WMAP 4-Year*

1l Right: Planck 1-Year

Prediction®
WMAP will ultimately
have 9 years, and HFI
will have at least 2.

This plots Is outdated
and should be used
only for rough
comparison only.

Bottom: B-B Spectra
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redicted Comparison with
\WMAP
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Fic: 218, Forecasts of 1 and 2o contour regions for various cosmological parameters when the spectral index
is allowed to run. Blue contours show forecasts for WAMAP after 4 years of observation and red contours show results
for Planck after 1 wvear of observations. The curves show marginalized posterior distributions for each parameter.
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Expected Limits onr = T/S

B-mode Detection with an Extended Planck Mission

2012-10-31

G. Efstathiou} and S. Gratton

Kavli Institute for Cosmology Cambridge and Institute of Astronomy, Madingley

Road, Cambridge, CB3 OHA.

Abstract. The Planck satellite has a nominal mission lifetime of 14 months allowing
two complete surveys of the skv. Here we investigate the potential of an extended
Planck mission of four sky surveys to constrain primordial B-mode anisotropies in the
presence of dominant Galactic polarized foreground emission. An extended Planck
mission is capable of powerful constraints on primordial B-modes at low multipoles,
which cannot be probed by ground based or sub-orbital experiments, A tensor-scalar
ratio of r = (0.05 can be detected at a high significance loval he an extended Planck
mission and it should be possible to set 4 95% upper limit of # = 0.03 if the tensor-
scalar ratio is vanishingly small. Furthermore, catending the Pliges mission to four
sky surveys offers better control of polarized Galactic dust emission, since the 217 GHz
frequency band can be used as an effective dust template in addition to the 353 GHz

channel,

Planck/Ganga
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Schedule

 2011-01: Planck Early Papers
e 2012: Planck Intermediate Papers

* The products that will become public are being made NOW

o 2012-12: First delivery to ESA (15 months of data; no
timelines; no polarization)

¢ 2013-03: Science papers; ESA Data release 1
e 2013-04: The Universe as Seen by Planck
« 2013-07: Rencontres du Vietham

2012-10-31 Planck/Ganga
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What will be Released in 20137

* Papers * Products
- LFl and HFI Instrument - Frequency Maps
and Processing . Individual Survey Maps
- Component Separation, - Component Maps

Foreground Modeling
and Compact Source
Extraction

* Including CO, Opacity
- Source Catalogs

- Power Spectra, - Power Spectra

Cosmological - Likelihood Code
Parameters, Inflation,

Lensing, Infrared |
Background - Documentation

- Non-Gaussianity

...and we're working hard to continue to release
polarization, timelines and more...

2012-10-31 Planck/Ganga 30



The Universe as Seen by Planck

Rencontres du Vietnam July 28 - August 3, 2013 e Quy Nhon, Vietnam

European Space Agency

List of events

Introduction _

Freel 47th ESLAB Symposium
Calendar of Everts

Registration

Venue & Accommadation An intemational conference dedicated to an in-depth look at the init,
[« the Planck missicn

The Universe as seen by Planck

2-5 April 2013
ESA/ESTEC, Noordwifk (The Netherfands)

results from Planck,
qn. nd. [t is the first sc

Context

The Flanck satellite was aunrh.~.:| on L4
The

S ——) OVERVIEW PROGRAM REGISTRATION FAYMENT PARTICIPANTS ABSTRACTS Pest-Conf-TOURS

This is the seventh
‘Rencontres du Vietnam?”, is
organized by the same group
who does the Moriond meeting,
but will require less jet lag!

This will be the first
Planck-sponsored
forum after the initial release of
Planck cosmological results.
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