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Abstract: <span>After reviewing some of the highlights of the implications of the Planck
results for cosmic inflation (presentation to be coordinated with Hiranya Peiris), | will discuss
some recent devel opments <br>

regarding future searches for B modes and other new science resulting from an
ultra-precise<br>

characterization of the microwave and far-infrared sky in polarization. | will

outline ideas for<br>

arecently proposed large-class European Space Agency mission called PRISM .<br>
<br></span>
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Qutline

1. Selected results from Planck (very short)

2. Searching for B modes (mainly from space)

2.1 COrE (a "medium cost" option)
2.2 Other non-European initiatives
2.3 PRISM (the near ultimate mission option)
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Implications for inflation—summary plot
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Underlying question: conventional parameterization

What is the primordial power spectrum?
» For lack of a fundamental theory, expand in powers of In(k)

In (P(In k)) Po ( In(k/kpr.v))°+'P1( In(k/kp‘.v))l 7y ( ln(k/k,,,.,))z .
P(k) = A(k/kpi,)" )

P(k) A(k/kp;.,)("'_l)"“ In(k/kpiy)+:..

P Planck seems to be telling us that the first two terms suffice,
and using just the first term can be ruled out at a respectable
statistical significance. ns # 1 implies exact scale invariance
needs to be downgraded to an approximate symmetry. No
statistically significant evidence for running of the spectral

index.
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Validation of method
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Results on Planck “Nominal mission" likeklihood

10

St - 3

O

Maximum excursions locally 3.2¢ and 3.90 for A = 10* and 103, respectively. After
look-elsewhere-effect translates into p = 1.74% and p = 0.21%, or 2.40 and 3.10.
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Where does this come from in the CMB multipole power spectrum?

_143GHz
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Proof that signal is from around ¢ =~ 1800

i
1000
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(Extract from parameters paper)
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(Extract from parameters paper)

Table 6. Goodness-of-fit tests for the Planck spectra. The Ay* =
v® = N, is the difference from the mean assuming the model is
correct, and the last column expresses Ay? in units of the disper-
sion V2N,

Spectrum (., v\ YN, A/ V2N,

100 x 100 50 1158 1.01 0.14
143 x 143 50 1883 097 -1.09
217 x 217 500 2079 1.4 1.23
143 x 217 500 1930  0.96 ~1.13

50 2564 1.05 1.62
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Bayesian statistics — Sir Harold Jeffreys, FRS

Does the Jeffreys scale provide a reasonable standard of proof?

A value of K > 1 means that M) is more strongly supported by the data under consideration than M;. Note that
classical hypothesis testing gives one hypothesis (or model) preferred status (the 'null hypothesis'), and only
considers evidence against it. Harold Jeffreys gave a scale for interpretation of K"

K dB bits Strength of evidence
< 1:1 <0 Negative (supports M)
1:1 to 3:1 Oto 5 Oto 1.6 Barely worth mentioning
3:1to 10:1 5to 10 1.6to 3.3 Substantial
10:1to 30:1 10to 15 33t05.0 Strong
I 30:1to100:1 15t020 50to 6.6 Verystrong
> 100:1 > 20 > 6.6 Decisive
The second column gives the corresponding weights of evidence in decibans (tenths of a power of 10); bits are
added in the third column for clarity. According to |. |. Good a change in a weight of evidence of 1 deciban or 1/3
of a bit (i.e. a change in an odds ratio from evens to about 5:4) is about as finely as humans can reasonably
perceive their degree of belief in a hypothesis in everyday use.”!

Everything beyond ~ 3.03450 has been “decisively” demonstrated.
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COrE : Cosmic Origins Explorer

A space mission for measuring
microwave band polarization

on the full sky

Martin Bucher, APC Paris
for the COrE Collaboration
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Implications for inflation—summary plot
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B-Pol (2007)

70 GHz 28 5mm

100 GHz 18.5mm

150 GHz 12.3mm

220 GHz 8.4mm

350 GHz 5.3mm
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COrE: Cosmic Origins Explorer

Proposed to ESA in December 2012 as a Cosmic Vision M3 Mission for &~ 2020
http://www.core-mission.org
White paper available (90 pages) (astro-ph/1102.2181)
Answers to AWG Questions (available on website)

Mission and programmatics working group: F. R. Bouchet, P. de Bernardis, B.
Maffei, P. Natoli, M. Piat, N. Ponthieu, R. Stompor

Instrument working group: B. Maffei, M. Bersanelli, P. Bielewicz, P. Camus, P. de

Bernardis, M. De Petris, P. Mauskopf, S. Masi, F. Nati, T. Peacocke, F. Piacentini, L.

Piccirillo, M. Piat, G. Pisano, M. Salatino, R. Stompor, S. Withington,

Science working group: M. Bucher, M. Avilles, D. Barbosa, N. Bartolo, R. Battye,
J.-P. Bernard, F. Boulanger, A. Challinor, S. Chongchitnan, S. Colafrancesco, T.
Elnsslin. J. Fergusson, P. Ferreira, K. Ferriere, F. Finelli, J. Garcia-Bellido, S. Galli, C.

Gauthier, M. Haverkorn, M. Hindmarsh, A. Jaffe, M. Kunz, J. Lesgourgues, A. Liddle,

M. Liguori, P. Marchegiani, S. Matarrese, A. Melchiorri, P. Mukherjee, L. Pagano, D.
Paoletti, H. Peiris, L. Perroto, C. Rath, J. Rubino Martin, C. Rath, P. Shellard, J.
Urrestilla, B. Van Tent, L. Verde, B. Wandelt

Foregrounds working group: C. Burigana, J. Delabrouille, C. Armitage-Caplan, A.

Banday, S. Basak, A. Bonaldi, D. Clements, G, _De Zotti, C. Dickinson, J. Dunkley, M.

Lopez-Caniego, E. Martinez-Gonzaleiiinidubdiead, S. Ricciardi, L. Toffolatti
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schematic

Sovuz Fairing
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Polarization Modulation—Rotating Half-Wave Plate
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Polarization Modulation—Rotating Half-Wave Plate
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COrE's 15 Spectral Bands

COrE spectral bands
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Note that 3 highest bands overlap

» In order to carry out foreground subtraction and provide
redundancy for cross-checks 15 bands are required, minus a
few. [3 synchrotron-amp.+spect-ind+running, 1 CMB, 2
free-free, 6 dust (2 BBs A+temp+emmis. index)+1
th.sz=13+2(safety)]

f
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O b Temp (1) Pol (Q,U)
K arcmin K -arcmin
arcmin RJ CMB RJ CMB
32.7 198.5 203.2 280.7 287.4
27.9 228.0 239.6 3224 338.9
13.0 186.5 211.2 263.7 208.7
99 239 31.3 339 44.2
7.2 11.9 20.1 19.7 33.3
4.9 9.4 28.5 16.3 49.4
4.7 7.6 107.0 13.2 185.3
4.7 6.8 1.1 x 10° — —
4.4 2.9 8.3 x 104 — —
PLANCK (30 month mission)

v (Av) N et O fwhm Temp (1) Pol (Q.U)
Wk -aremin wk -aremin
GHz GHz arcmin RJ CMB RJ CMB
45 15 64 23.3 4.98 5.25 8.61 9.07
75 15 300 14.0 2.36 2.73 4.09 4.72
105 15 400 10.0 2.03 2.68 3.50 4.63
135 15 550 7.8 1.68 2.63 2.90 4.55
165 15 750 6.4 1.38 2.67 2.38 4.61
195 15 1150 5.4 1.07 2.63 1.84 4.54
225 15 1800 4.7 0.82 2.64 1.42 4.57
255 15 575 4.1 1.40 6.08 2.43 10.5
285 15 375 37 1.70 10.1 2,94 17.4
315 15 100 33 3.25 26.9 562 46.6
375 15 64 2.8 4.05 68.6 7.01 119
435 15 64 2.4 4.12 149 7.12 258
555 195 64 1.9 1.23 227 3.39 626
675 195 64 1.6 1.28 1320 3.52 3640
795 195 64 1.3 1.31 8070 3.60 22200
COrE summary (4 year mission)

Table: COrE performance compared to WMAP and PLANCK.
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COrE Planck Sensitivities vs. Expected signal
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Constraining inflation with COrE
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Lensing science with COrE—Measuring the Lensing
Deflection Power Spectrum
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Lensing reconstruction noise: PLANCK vs COrE
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Detecting inverted absolute neutrino mass hierarchy
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Here we plot m!, =0 vs. m; = ma = 0.05 eV, m3 =0

o(3 m.,)=0.03 eV (COrE with all parameters other parameters determined by
COrE), 0.012 eV (with other parameters fixed)
For comparison, KATRIN projection is o & 0.1eV on electron neutrino mass.
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Galactic science with COrE

» The low-frequency data (especially the 45 GHz map) will be 30 times more
sensitive than PLANCK LFI and will provide a full-sky view of the synchrotron
polarization virtually free of Faraday rotation, which in conjunction with lower
frequency data from the ground (eg QUIJOTE ....) can be used to map the
galactic magnetic field.

Above 353 GHz PLANCK has no polarization sensitive bolometers and the
resolution is not diffraction limited (4.4 arcmin vs 1.3 arcmin) in highest
frequency channel. This will allow high-resolution mapping of the polarized dust
emission in diffuse regions not accessible and allow mapping the magnetic field
in regions of star formation.

Numerous new point sources (both polarized and unpolarized) will be discovered
across the full sky.
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Basak & Delabrouille: similar results from Bonaldi & Ricciardi
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US Proposal: EPIC

Descope Option: 30 K Telescope

oely Jmm’ &
4 sunshields, 3 V-grooves 11094 detectors
Higher pixel density
More spillover

a

2 radiation shields

Optics shield actively cooled to 18 K
Optics actively cooled to 4 K

‘4 K Telescope’ Option

Smaller passive cooler

3 sunshields, 2 V-grooves

Optics shield passively cooled to 35 K
Optics passively cooled to 25 K

fo

2099 -t
2022 detectors

Lower pixel density
Less spillover
3 radiation shields

‘30 K Telescope’ Option
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The Primordial Inflation Explorer
(PIXIE): A Nulling Polarimeter for

Cosmic Microwave Background
Observations

A. Kogut' D.J. Fixsen' " D.T. Chuss J. Dotson E. Dwek M.
Halpern' G.F. Hinshaw' S.M. Meyer- S H. Moseley' M.D. Seiffert
D.N. Spergel’ and E.J. Wollack

w 665, Coddard Spa
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8

Figare 4. PIXIE cheerratocy and mimion concepl. The instrument is maindxined at 2725
rurrounded by shoedds to block radiation from the Sun or Earth. It cbeerves from o 830 km p
puchronous terminaior ocbil. The raped spin and mterferametur wroke efficiently separate
Q and U parasmetens independently within sach pizd to peovide a nescly diagonal covariane

Page 39/58



Ey 7NN RiDOFH 25 LiteBIRDf# 2

Lite (light) Satellite for the studies of B-mode polarization and
Inflation from cosmic background Radiation Detection

BIFNLF—NRBHR RN (KEK)
RHFRFESRRHR

FHEWRKEN (CMB)REBT L—T
PREBR(XTHESL)

for the LiteBIRD Working Group

BIENEEHPER ROOL
201143818

This talk is dedicated to Bruce Win
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PRISM
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TOP SECRET/SI/ORCON/NOFQRN

[

X Hotmail Gougle (IR Tube)
3 | m ‘YA_HOO.' & AOL ©-mail &
7N \

( TS/SU/NF) Introduction

U.S. as World's Telecommunications Backbone

much of the world’s \

communications flow
through the U.S.

* A target’s phone call, e-mail
or chat will take the
cheapest path, not the

hysically m irec
path — you can't always
predict the path.

* Your target's
communications could

easily be flowing into and
through the U.S. /

International Internet Regional Bandwidth Capacity in 201 |

Source: Telopcozraphy Roescarch

TOP SECRET/SV/ORCON/NOFORN

Key source: PRISM has been described by NSA officials 'as the most prolific contributor to the president’s Daily
Brief,' providing analysts with a wealth of ‘raw material'
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European support for NSA PRISM

UK gathering secret intelligence via
covert NSA ope

ration

Nick Hopkins
juardian co uk, Friday 7 Ju
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Polarized Radiation Imaging and Spectroscopy Mission

PRISM - *

Probing cosmic structures and radiation,
with the ultimate polarimetric spectro—lmapingi

!

of the microwateﬂnd far-infrared sky ™ T |
o

‘ .

..

rXIV 1306. 2259

\%/ﬁiWssmn fo] e eI
_a-'; ' . -‘ -& : . d

2 Spnknpomm Pnolo do loﬂunﬂl -
e-mail: paolo.debernardisiromat.infn.it — tel: + 39 064 991 4271
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PRISM “Strawman" instrument concept

Optical axis of
spectrometer

Precession axis
Spin axis

Optical axis
of imager

Deployable
shields

PRISM spacecraft with its two instru-
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PRISM “Strawman" instrument concept
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PRISM instrument highlights

Two instruments working in tandem:

1. A Polarimeteric Imager

» 3.5 mirror (cooled to ~ 4K) (to be compared with Planck
mirror 1.5m not including underilumination)

» Approximately 7000 detectors deployed at frequencies ranging
from 30 GHz to 6 THz (details to be optimized). A small
number of detectors with split bands for enhanced spectral
sensitivity and targetting galactic emission lines.

» Elaborate scanning strategy mitigates systematic effects

2. FTS (Fourier Transform Spectrometer)

l » Basic idea is to measure the absolute spectrum with an
Martin-Pupplet FTS instrument (like COBE FIRAS but over
three orders of magnitude better and similar to PIXIE)

» Splitting bands with dichroics increases sensitivity
» Combining with imager (having high angular resolution)
provides important synergies
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Polarimetric imager—CMBchannels
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Polarimetric imager—high-frequency channels

nkny Jv/isr | nlkig
ROO | 700-900 | .25 | TS IN3 9. 683
960 RAO- 1080 2 32" 300 052
L1150 0 1000-1300 2T 361 510
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16GO | 11T 0- 1860 29(0) 24, 110
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Martin-Pupplet FTS spectrometer—basic concept
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Courtesy of PIXIE collaboration-arXiv:1105.2044
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Qualitatively new science made possible by PRISM

» The ultimate cluster survey 10° clusters including many at
z > 1 Significantly surpasses eRosita, which will be the
state-of-the-art when PRISM flies. Temperature will be
measured based on relativistic corrections to the SZ spectral
template and peculiar velocities from kSZ.

Understanding the origin of the CIB (dusty IR galaxies) where
most of the star formation in the universe took place

Detect distortions to the perfect blackbody spectrum (cannot
be done with convential CMB experiments that are sensitive
only to angular variations and lack an absolute calibration)

Map the galactic magnetic field both in the hot gas and the
diffuse cold regions where star formation takes place.

Probe B modes from primordial gravitational wave generated
during inflation much better than any other experiment even if
foregrounds are very messy and probe gravitational lensing.
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[Expected cluster counts

(Plot courtesy of Jean-Baptiste MELIN)

COrE++ (S/N>3)
COrE++ (S/N>$5)
COrE (5/N>3)
COrE (S5/N>%)
Planck (S/N>3)
Planck (5/N>5)
Euclid

eROSITA
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Relativistic Sunyaev-Zeldovich Effect

Fig. | I'he intensity change QA1 y (in units of 2(kyTy) /(he)?) plotted against X for
three values of J-'p;.’; (in keV). The solid eurves are caleulated IJ.-JH_: the first-order cor-
rection to the Kompancets oquation, while the dashed lines are caleulated from the usual

!\"UH['.‘HI"‘f'f.‘- CXPr wSIOM,

Allows independent measurement of gas temperature
(From Challinor and Lasenby, astro-ph/9711161)
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What is the depth of the CMB “photosphere”?

Photosphere

Chromosphere __

Corona

Radiative
Zone

Defined in the same way as for the Sun. How deep can you see?
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Average CMB spectral distortions

Monopole distortion signals

A ‘. b A '
100 6N 1000

v |GHz|
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NSA PRISM vs ESA PRISM

James Clapper, Pl NSA Prism Paolo de Bernardis, ESA Prism Spokeperson

e The NSA wants wants to find out everything about you.
e We want to find out everything about the Universe between
30GHz and 6THz capturing all available signals.
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Conclusion:

Help us find out everything there is to know
about the universe with PRISM.

Please sign up as a supporter:

WWW.PriSm-mission.org

and sign up on email list to receive updates

http://listserv.in2p3.fr/cgi-bin/wa?A0=BPOL-ALL-L
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