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Planck2 2010&7H8

The Planck one-year aII-skg suruey @esa (c) ESA, HFT and LFI consortia, July 2010
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'y NN
2000

P. de Bernardis et al. (2000)

|A peak at / =~ 200 implies a flat Universe
The Tocation of the first peak in the angular power spectrum of the
CMB is well measured by the Boomerang data set. From a parabolic
fit to the data at / = 50 to 300 in the angular power spectrum, we
find ., = (197 = 6) (10 error). The parabolic fit does not bias the
determination of the peak multipole: applying this method to
Monte Carlo realizations of theoretical power spectra we recover
the correct peak location for a variety of cosmological models.
Finally, the peak location is independent of the details of the data
calibration, which obviously affect only the height of the peak and
not its location. The height of the peak is AT,,, = (69 = 4) = 7 uK
(10 statistical and calibration errors, respectively).

The data are inconsistent with current models based on topo- ,r_‘/j [/—:/3 _‘/ﬂi E‘Hé-lj—

logical defects (see, for example, ref. 35) but are consistent with a o . o =
su%)set of cold dark matter models. We generated a database of cold 7|_\ i I‘-a- é 4*} E_[Em 0) 12 o
dark matter models**”’, varying six cosmological parameters (the
range of variation is given in parentheses): the non-relativistic
2% ® 4 matter density, 2, (0.05-2); the cosmological constant, 2, (0-
';g:l ® 185 < lpeqq <209 I ° 1); the Hubble constant, h (0.5-0.8); the baryon density, h’(2,
/ 4 -4 (0.013-0.025), the primordial scalar spectral index, n; (0.8—1.3);
and the overall normalization A (free parameter) of the primordial
density fluctuation power spectrum. We compared these models
N with the power spectrum we report here to place constraints on

/
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Slide from Jacques Derabrouille

CMB observations from space in Europe

/\.
¢ PRESENT Plaan d great SUCCESS (top and 5 out of the 10 most cited papers of 2013). 7( “‘:(
W

— near-ultimate CMB temperature anisotropies mission from space \ o

— much science beyond the primary anisotropy Cl spectrum and parameters g
* CMB science: lensing; anomalies; primordial non-gaussianity

* Non CMB cosmology: galaxy clusters; Cosmic Infrared Background...
* Astrophysics: interstellar medium

* Non-CMB science: 3/4 of the science papers, 1/2 of the citations

* FUTURE: Several proposals for CMB polarisation between 2005 and
now

Initially focussed mostly on primary B modes (SAMPAN, BPol)

Concept evolving: the case for polarisation from space is very strong for
astrophysics, cosmology, and fundamental physics (COrE, PRISM)

Now: COrE+, the near-ultimate CMB polarisation mission from space.

Primary objective: primordial B-modes, N4 2m,, Y,,., plus all extensions to
the standard model of cosmology impacting CMB maps and spectra.
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Slide from Jacques Derabrouille

CMB observations from space in Europe

ESA M4 call for a medium mission. Proposal due Jan. 15%. Budget 450 M€ (ESA) +
National contributions for the science payload. Launch 2025.

Strong interest and support in European countries for such a future CMB mission,
e.g. top in France prospective plan for space science.

COrE+ minimal concept

— CMB B-modes + lensing science for cosmology and fundamental physics.

— =6’ resolution, =3 pK. arcmin CMB polarisation sensitivity after foreground subtraction. = 1.3m
aperture telescope

Many bands (more than 15) for component separation covering 60-600 GHz; ISM physics.
budget: =550 M€ (450 M€ ESA + 100 M€ European countries)

COrE+ preferred concept

— Near-ultimate CMB polarisation space mission

— Extensive astrophysical cosmology (clusters) and extragalactic astrophysics; superior ISM
science (with full sky resolution bridging with Herschel in small fields, at highest frequencies)

=3 to 4' resolution, =1.5 puK. arcmin CMB polarisation sensitivity. = 2m aperture telescope.
budget: =700 to 750 M€ with external partners.
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The mission sensitivity relies on a few key parameters.
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The Planck one-year aII-skg suruey @esa (c) ESA, HFT and LFI consortia, July 2010
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N. Katayama and E. Komatsu (ApJ 737, 78 (2011),
arxiv:1101.5210) [FE D IR =R [CTF VT
L — M ERVCEISIMSIREZFHER, CD
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1. FHEFHICTUTOT—2HAEND,
Data=CMB+Dust+Synch @ €88l v GHz

2.6 DDNBAFEMNHLHIHE X
Data(v;) i=1,2,3,4,5,6

. HIELTIUTIVIZ2DDINUR, 2DDRIEREEIT2EZH156
Data=CMB -+ Dust
Adata=Data (v,)-a Data (v,)

4. CMBIX 2T (@7=2.725K) TIEEICRIRE#EFEN LL<HMHTLNVS,
— AT FAMIKRAREDOBEBI-NZDEIHmIZFEHLEL,

5. FAMWR/NMIGDLIZaZRATYDE
Adata=Data (v,)-a Data(v,) ~ (1-a) CMB
HEELT=CMBIZ

CMBNAdata/(l-O() N. Katayama and E. Komatsu

(ApJ 737, 78 (2011), arXiv:1101.5210)
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(MK | Method II"; A-template with a prior in B distribution
arcmin) Method lil: iterative A-template

10.3
6.5
4.7

3.7

3.1 offset = 0.0005
offset = 0.0004
3.8 3 offset = 0.0003 |
1.8 (2.99) Method Ii
Method II'
Method Il

rl"BCOVGI"

CDZ(CPlanckD@MEEKRY v T (&=
ISR ETLBDEDTE,

KD IFEDZEZE S Planck sky mode
AT, BT A~TDFE.

RIsENE U RemEFE(EERF)  Katayama et al. in prep.
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Single mode M E52FE . WETREFSEHERD
WY ZEHEDEBNTE—ARZR S,

DO ~A

o EBItE 6OGHz~2806Hz (A=5mm~1.1mm)
- 0: BAEDMHERE<1

D(HXFZRDEARE) ~30cmiBETt+ 54,

l

BRI HEER <200 £THETKRIBIZEERE
(RFER)DINSKTEL, CNIZKY . BET l:l‘/I
HRELT/MEIYDFIENDT S,
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LiteBIRD CROH SN DIEFRDEBR

g?ﬂﬂ% FEHNBHCMBHER
heigi (50-320GHz) s J4—kDH
BEDfEEE. & COEEITEICT <1 deg e RBIFNEER
INYREF +15 degs . REPREZZR
SR YT 1L (<~dp2mxt2m. H2ZRERE, ) . FIbyrHLITYTY
LtV R “JD%,.'JJ\_\@ . ODZ-PEJ\\/
Y RO-TJ&TRITD
E—ARIE
BHAE=RER 4K TR TR
POLARBEAR (Offset Gregorian)
BICEP2 VB RTE
BITERIE QUIET (Crossed-Dragone)

300 K I: T T Zotefoam vacuum window
| \ul \ |

— W \ |
100 K ;‘ i T IR-blocking PTFE filter
Ly \|

T IR-blockin ng PTFE filier
IR-blocking nylon filter

40K

Objective len
Absorbing aperlure stop

2.5 Meters

260mm

IR- block g nylon ﬁlle
83 cm™ 1 ow- p s filter

Eyepiece len




LiteBIRD CTRO SN DIEFZRDILER
PD0RXR« FSTVNER

Aperture/Rotating 2 DEEDH !

haIf -wave plate

LiteBIRD@@ZU]l:(i%*ﬁfiﬁﬁ'ﬁﬁ

B DT HEE

* Low S/NIZxt L Tldlock-inl%E
NEEFE,

o {RIBIETIEF: FEHRZRAL
Fzlock-iniENEHLN TS TLVD,
(RO TORNER, ATEAT
DKIZER . £ E)

— BRHB[OUF/AXEHITS
- RFERORRLURLELTFIL
X5l
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51 50 — 300 GHz
ZE )L 7L A:~2000
High yield

EEEE I (< 100W total)
ENWEIT4—FN\2—>
High TRL

St B U L=

% JE : Optical NEP = 2 x10°18 W/VHz ”

Sensitivity
(uK
arcmin)

10.3
78 6.5
100 4.7
140 3.7
195 3.1
280 3.8

Total 1.8 (2.9b)

Transition edge sensor (TES) bolometer
POLARBEAREE mE M oD

PB-1
1274 TESs with 80% yield.
NET per array: 23 puKvs

PB-2

2 bands/pixel (95,150GHz)
7588 TESs (1897x2polx2band)
Readout is DFMUX with
MUX=32(+) by McGill Univ.

Z. Kermish Ph.D. thesis
UC Berkeley

High TRL by the use in various CMB experiments.

Need space qualified low loading TES and low power
consUmpHish Yeaddut.

RIENR U ReWELR LS

Microwave kinetic inductance detector (MKID)
Example of MKID from NAO..

NEP ~ 6x1018 W/VHz
Single band at 200GHz
MUX=600

More examples from
N JPL, SRON and others.

K. Karatsu et al. 2013
Attractive features and rapid progress in the MKID
development. Potential candidate for a future
r?(r%)xt a few years. 4




Multi-chroic pixel

FETIEARR—ZIANEE !

hETOREEEE
1ESEE )L =188

POLARBEARTHLYLMNTLYS
TESES@ETIE1D2DE Y
JLIZ150GHzD &

POLARBEAR-2MD =M IZFARIN TS EHEREX. 1DDESH
+ )L G281 8518 (95, 150GHz) &H/N\—,

LiteBIRDTIX1E Y/l T3 A HIFHEEE,
NIZKYERINDI100mKE A EOEEZL/3FOITZEMN
H¥5,

MKIDCHRIFRD B xR F P,

60GHz (L .
78GHz (L. ||) P e
100GHz(L . ||) ==&
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Multi-chroic pixel

FHETREEBEAR—ZANEE !

NETORBERIE
1EAEEYEIL=1881F1E

A. Suzuki thesil

SinuousAntenna

POLARBEARTHUL\LNTLVS Crossoil
TESES@ETIE1D2DE Y , “ X
)l/ [j: 1506 H 20) H (/7 ' ‘\" 150GHz filter 95GHz filter

Etch Test Structures

POLARBEAR-2MD =M IZFARIN TS EHEREX. 1DDESH
L T2BAEH (95, 150GH) EH/—, 60GHz (L)

LiteBIRDTIZ1EV /L CIEAIFE (6ADR LR 8%,
NIZKYERINDI100mKE A EOEEZL/3FOITZEMN
Hk5,

MKIDCHRIFRD B xR F P,
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TESEIREUCERBT YT Y

tri-chroic (140/195/280GHz)

UC Berkeley TES opt|on %?%D“}E{ﬁgé@?ﬁlﬁﬁﬁlw
SN N DERBERIC TEREIL UIZERET,

Avoid CO lines!

3
Av/v=0.23 per band

band

Lensing floor

tri-chroic (60/78/100GHz)
£E A (X 100mK

Band Beam? NET Pixel # per Wafer # Bolometer NETarr Sensitivity
(GHz) (arcmin) (WK \/s) wafer # (LK ./5) (WK

arcmin)
E%JjHj L/@Et%'gﬂg t/ﬁf&%%%ﬁ 75 99 19 304 5.7 10.3
CTEARLSNTL\DDigital 58 62 19 304 3.6 6.5

2.6
2.1

4.7
3.7

TEEENITI00WILT,

370

8
8
frequency MUX (64 mux) Z187E, 8
5
5

24 33 37 370 17 3.1
16 40 37 5 370 2.1 38
168 13 2,022 1.0 (1.6 C 1.8 2.9°)
September 19, 2014 Y i A e S e e A R AN =i — e —————

T. Matsumura et al. 2013



| KRERI(SSO)

BOREME « IbLITHS k& A DB
(~1AU/year)

© JRGTER - HIRDFEE

« TREmE - AOEE

L2 (w/HWP):3.6GB/day (2h/day w/ 4Mbps)

. » AlBEE > ADREFICADEHEFRD
AR ST RRBRMNELS
s, ——>  — Tamrm YT TN ADIAVFS
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Anti-Sun

AOZEICLYERANENELLRE,
SEDHAHLT. SELULDERBMNBELLGZLIRFEDY,
ME AT LDHFGFICEE,
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Rt

* JAXA H2 rocket compatible
e 3years of observations
* Systematic effects (require each effect is below 1/100 of lensing C/5? )

Diff. gain 0.01% 0.3% Instantaneous

Diff. Beam width 0.7% 2% FP average ease
them by (up to)
Diff. beam pointing 3.5 arcsec. 16 arcsec. an order of

Diff. beam ellipticity 7% @ ell=2 2.7 % magnitude.

0.04% @ ell=300

+ =
o O
t B
¢ N
o
c O
80.
o v
CE=gac])
= ©
(o

Pointing knowledge 6 arcmin. 25 arcmin. 20 degs.x30
degs FOV

Abs. gain Parity preserved 3% Calibration in
every 10 min.

Beam size stability Parity preserved 0(10%)

Non. Differential effect
(Pattern modulation)

Angle calibration 1 arcmin. 12 degs.

September 19, 2014 EILE SRS UReiEsa (5% =) Table from R. Nagata




Tensor tilt: Quick Studies in LiteBIRD working group

by Ryo Nagata
Gain from ell < 50 is modest due to cosmic variance

Best is to measure 50 < ell < 300 as precise as possible and
perform delensing.

You need to choose the right pivot scale to minimize dr, while
dn_tis insensitive to the pivot scale.

LiteBIRD (LB):

2uKarcmin for fsky=75%

foreground removal a la Katayama-Komatsu
SuperPOLARBEAR (SPB):

6ukarcmin for fsky=75% for delensing

beam 4arcmin FWHM, no sensitivity below ell=50

o(r)g = 3.2 x 107-3 for r=0.2
(1.6%, cosmic-variance limited

0.01Mpc'1

oot 004 [006 003
Delensing based on K. Smith et al. - -0. -0. -0. -0. .
http://arxiv.org/pdf/1010.0048v2.pdf
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< = Top Story

Cosmology: First light

The left-over radiation from the Big Bang has given up what may be its last great secret
about the early Universe, but astronomers are determined to mine more from this primordial
prize.

Joanne Baker

14 May 2014

But such complicated proposals are expensive and difficult to realize, Efstathiou says. 'Keep it CMB !- T

simple' is now his mantra. He would like to see a small mission dedicated to observing B modes on

large anqular scales, thus targeting the gravitational-wave signature alone. In effect, it would be a
BICEP2 experiment in space, says Peter Ade at Cardiff University, UK, who has built detectors for )7 )( IJ 7]
ground-based experiments and Planck. The technology is mature and he thinks such a mission

N\
could be ready in five years.
IJ—0w/\

A Japanese-led satellite proposal called LiteBIRD could be just such a mission. Proposed by

physicists in Japan, in collaboration with experimenters in the United States, Germany and Canada, B 2':

the project could be launched in the early 2020s if it received some US$100 million in funding. In the

meantime, the researchers are developing a ground-based experimental version, called I—lteBlRD
GroundBIRD.




- Detector and readout: TES bolometer
- Mitigation of the 1/f and systematics using HWP

BEAR-2

GroundBIRD

Detector and readout: MKID
LiteBIRD optics

FHERBRRICBLWTEWMEEEZE DHEITHLSIENETREINTIVS,

IR —YEEMEESEOMFRATEZRIT/NEESER I (FERAFEHR) IZET,
LiteBIRDMBIE T HA I R (E K EELMBELTFICKET ATV ILERFR>TEY.,
(MR REHE L) HITLTHEL T IENARE | LLED(TON TS,
LiteBIRDIXM BT AI—TS52014NEA KRB EAEIEESNT-,
LiteBIRDIE X R EO—F Ty 7201 4DFHETEID—DELTBESINS FEHEFA T IL a),

LiteBIRDIX S FE B [Zmission definition reviewl|Z[\) [+ TE{EH,
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