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e B-modes in the CMB are the holy grail of inflation.
B-modes = GWB = Strongest evidence for quasi
deSitter expansion in early Universe = inflation...

e cf Non-gaussianity
e Planck will not lower r limits by much...
e No funded CMB satellite mission after Planck.

e All-sky characterisation of polarisation signal will
have to wait >10 years.

e \What do we do until then?
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Old Inflation
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London Old Inflation

New Inflation Chaotic Inflation

Double Inflation Power law Inflation
Radical BSI Inflation :
Variable My Inflation SlEles lntaen

Natural pNGB Inflation Hybrid Inflation Extended Inflation

. Assisted Inflation
SUSY F-term Inflation SUSY D-term Inflation :
Brane Inflation

SUSY P-term Inflation Super-natural inflation

Ghost Inflation
DBI Inflation

Tachyon Inflation

D3-D7 Inflation
Warped Brane

Racetrack Inflation Roulette/Kahler Inflation
moduli Inflation
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Inflation: Scalar degeneracy

e Perturbations in curvature described by power spectrum
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Tensor perturbations (from) Inflation

e Tensor perturbations in the background metric also evolve into super horizon
scale fluctuation: we should see these as large scale gravity waves

e Relic background of gravitational waves

Juv — Guuv =+ h,ul/
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Tensor modes: Broken degeneracy

e Power spectrum of relic gravitational waves
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Tensor modes: Broken degeneracy

e Power spectrum of relic gravitational waves
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Tensor modes: Broken degeneracy

e Power spectrum of relic gravitational waves
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Current limits from CMB: » < (.36 — (.24
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Small Field:
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Tensors In CMB Polarization

e Scalar (density)
perturbations only source
E-modes

e Tensor (GW) source both
E and B-modes

Detection of clean B-mode
signal = GW background
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Tensors In CMB Polarization

Temperature Polarization e Scalar (density)

perturbations only source

I-' J E:ﬁ E-modes

e Tensor (GW) source both
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Parity Violation Signal

e Parity violating theories
also produce signal in TB
and EB correlations.

e e.g Chiral Gravity,
polarization diffusion,
photon-axion mixing along
line of sight, etc...

CC, Magueijo, & Smolin, PRL 2008

CC, Dowker, & Philpott, CQG 2010
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CHIANG ET AL.
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Polarisation and P(K) reconstruction

Nicholson & CC, JCAP 2009
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Imperial College

The Planck one-year all-sky suruey Eesa () ESA, HFI and LFT consortia, July 2010
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Foregrounds
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C.L. Bennett, et al., 2003, ApJS, 148, 97
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Foregrounds

e Dust and synchrotron emission
IS polarised at few percent
level.

e [Foregrounds signal is larger
than the B-mode background.

e Template cleaning/fitting will be
required to detect underlying B-
modes.

e Very little existing information
on dust polarisation

e Accurate templates required for
forecasting and subtraction

FGPOL (http://www.imperial.ac.uk/people/c.contaldi/fgpol)

O’'Deg, Clark, CC, & MacTavish, ar Xiv:1107.4612
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http://www.imperial.ac.uk/people/c.contaldi/fgpol
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Foregrounds
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—— Dust model | — SPIDER, fsky=10% - -- Optimal fsky=2%|.
---- SPIDER stat. err. | Trial fields, fsky=2% Southern Hole,
EE, BB (r = 0.03) ! EE, BB (r = 0.03) fsky=2%
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Fraisse, et al., ar Xiv:1106.3087
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e We do not know enough about foregrounds to say
at what level GWB B-modes can be detected
unambiguously.

e No satellite will be funded before this question Is
addressed.

e This question can be addressed by sub-orbital
experiments over the next 10 years.
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The SPIDER Collaboration
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London

The Evolution of a Spider

2007

e 6 telescopes

e simplified cryostat

o §8telescopes

e 6 telescopes
e |et-down reel

e no let-down reel
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Spider 2010

e Based on successful BLAST
design

e Carbon Fibre Gondola

e Up to 7 single-frequency
telescopes (LDB four different
frequencies from 96 to 275 GHz)

e 35 day hold-time cryostat ( 2624
TES detectors cooled to 300
mK)

e Flywheel - pivot system;
telescope spins or scan Iin
azimuth

Outer frame e Continuous Spin mode ~ 36 dpS

or scan mode ~ 6 dps

e Elevation drive
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London

e CMB Ballooning, lots of
experience now: Boomerang,
Maxima, Saskatoon, Tophat,...

e Fly at edge of atmosphere:
atmospheric noise (loading)
reduced by many orders of
magnitude

e @ 20 km; power of CMB ~ 60%
of space

e Testbed for next generation
orbital experiment

i e
L ) ”W?ﬁ"“

My

Image, taken through a telescope, of
super pressure balloon at float altitude
over Antarctica. Columbia Scientific
Balloon Facility
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Focal Plane
(300mK)

Copper-clad
G-10 Wrap (4K)

3He Sorption
Fridge

4K Cold Plate Aux Post

(1.6K)
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A4K Spittoon

Spider Optics

Cooled Black
Optics Sleeve

(1.6K) (1.6K)

Eyepiece
Lens (4K)

Metal-mesh
Filter (1.6K)

Lead Shield
(4K)
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4K Filters

Objective Lens
(4K)

Optical Stop

(1.6K)

Rotating Half-wave
plate
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Spider Detectors

e New antenna-coupled bolometer array technology e Single 145 GHz sensitivity
100pK~s

e Each pixel a phased array of dual-polarization antennas

~§» © Beam pattern from
Y =y coherent interference of
antenna elements

1« 2624 for LDB flight
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Planck Comparison
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e NTD Bolometers.

e Passively cooled to 50K; actively cooled to
20K (LFI) and 0.1K (HFI)

e 74 detectors split between 9 frequencies Iin
LFI HEMPTs and HFI bolometers

e All of LFI (22-channel) pol. sensitive, HFI
32 PSBs

e [ocal plane projected on the sky max. 8
deg across
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London Spider Cryostat
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London

e Weight ~900kg

e Empty cryostat ~1/4
payload weight

e Net cryogen volume >
1000 litres

e 35 day hold-time cryostat
with detectors cooled to
300 mK

e Passed preliminary 77K
leak check
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London Spider: The original plan...

e Around the world, mid-latitude
(-23°S) flight ~25 days

e Spin in azimuth at fixed
elevation; night observation only

e >50% of the sky with good
cross-linking

o Target large angular scales, {<
100

Spider 36dps Mask: Observations per Pixel (normalized)

e Turnaround test-flight spring
2011; LDB fall 2012

Alice Springs
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http://www.youtube.com/watch?v=1CDPWfLZYmY&feature=related
http://www.youtube.com/watch?v=1CDPWfLZYmY&feature=related

London
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Antarctica ULDB Flight

e Jan. 08, 2009

NEW NASA BALLOON SUCCESSFULLY FLIGHT-TESTED OVER

ANTARCTICA e i
WASHINGTON -- NASA and the National Science Foundation have t\, S \‘-.,
successfully launched and demonstrated a newly designed super i«e AN {.\_
pressure balloon prototype that may enable a new era of high-altitude f T
scientific research. -2 i1

-\L\ ¢

& 3 :’(
*.-,.-._,, .t

This seven-million-cubic-foot super-pressure balloon is the largest “

single-cell, super-pressure, fully-sealed balloon ever flown. When
development ends, NASA will have a 22 million-cubic-foot balloon that

, Which is three to four times higher than passenger planes fly. Pi%rolggcoillgozsgic/)ia}%gﬂ

: Columbia Scientific
http://www.nasa.gov/topics/earth/features/ Balloon Facility

superpressure balloon.html

Mission Complete
54 Days 1 Hour 29 Min
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http://www.nasa.gov/topics/earth/features/superpressure_balloon.html
http://www.nasa.gov/topics/earth/features/superpressure_balloon.html
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e Sky coverage

The Planck one-year all-sky suruey Eesa (0 ESA, HFL and LFT consorta, July 2010
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Sky coverage

WMAP7 K- __band (Synchrotron)

SPIDER, one : g"&sﬂ 3 o

Spider-like (24 days)
1-space (no fg)

A pixel space (no fg)
O pixel space (with fg)

r =0.12 assumed
Farhang et al., in preparation
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Frequency Coverage

WMAP
Planck

CMB -
WMAP synchrotron

FDS model 8 comp. 1 dust
total foregrounds
total foregrounds + CMB
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Systematics

e |mpact of systematics and foregrounds must be minimised by
correct choice of scan strategy and observing mode

e Lots of work done using hi-fidelity end-to-end timestream
simulations (MacTavish et al 2009, O’'Dea at al 2010);

o Half-wave plate filtering effects

e TES Magnetic field susceptibility

e [oreground residuals

e Beam assymetries/offsets & ghosts
e efc.

e Residuals < 0.01 of sighal @ r~0.1
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The Present

r=0.10 r-Ns r=0.05
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The Future

r=0.10 r-Ns r=0.05
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The Future

r=0.10 r-Ns r=0.05
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SCIP

the Suborbital Cosmic Inflation Probe

"MISSION OF
OPPORTUNITY

A Long-Duration Balloon
Experiment to Explore
Cosmic Origins

ﬁ L \\rﬁTHx
F \_IALR".L
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Summary

e The next decade will see 2-3 generations of sub-orbital
experiments characterising “small” patches of sky.

e Detector technology will mature and stabilise.

e Foregrounds will be characterised, particularly at high frequencies
(dust).

e Lensing signal will be observed, lots of interesting science/
cosmology. Difficult to extract GWB component to claim detection.

e Low & high angular scale approaches complementary (Spider vs
Ebex)

e |f r>0.05-0.03, “fair” chance of detection over the next decade
from sub-orbital telescopes.

o Otherwise, the pathway to a quick turn around mission proposal
ca 2020 will be defined clearly.
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