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Detection of B-modes by BICEP2

Sorry for the ugly slides

this talk has been made in 2 hours

Louvain-la-Neuve, 26/03/2014
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@ BICEP experiment: a “Get Lucky” strategy

BICEP2 results ® Dedicated to an unprobable detection of a very particular signal

< BICEP experiment: a
“Get Lucky” strategy

HBEAPEEIEL curl polarization of the CMB anisotropies on large angular scales

JPLs bolometers trader

% To be kept in mind
« Compared to Planck?

e ® Look only in the cleanest spot in the sky from the cleanest place on
maps earth

& E andB modes map
< Why?

« Angular power spectra
< The likelihood is a bit
funny... O

Implication for s(%w-roll
single field inflation

o  18h

Y
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@ BICEP experiment: JPL’s bolometers trader

P T ® To get high sensitivity, increase their number (by shit a lot!)

“Get Lucky” strategy

% BICEP experiment:

JPLs bolometers trader
«To be kept in mind

« Compared to Planck?

« BICEP polarization

maps o
« E and B modes map
< Why?
Q

< Angular power spectra

< The likelihood is a bit
funny...

Implication for slow-roll
singleield inflation
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@ To be kept in mind

® \ery small telescope (20cm) = optimized for the sky’s hole

< BICEP experiment: a

“Get Lucky” strategy
Q EP experiment:

JPLS bolometers trader Reflecting ground shield Flexible boot

% To be kept in mind

Absorbing forebaffle

« Compared to Planck?

« BICEP polarization
maps

< E and B mode(s) map
*Why? o

< Angular power spectra
% The likelihood is a bit

funny...
Implication for slow-roll
single field (aRation
Housekeeping electronics
O MCE

Outdoor environment

(-50° C)

Indoor environment

(20° C)

® Only one frequency (150 GHz): cannot do component separation
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Compared to Planck?

BICEP2 results

Bl experiment: a
“Get Lucky” strategy

EP experiment:

JPLx’bolometers trader /

+* To be kept in mind

% Compared to Planck?

G BICEP polarization
maps

HF| horns
(4 K)

« E and B modes map
< Why?

« Angular power spectra
< The likelihood is a bit

® Planck has a huge mirror 1.5m (full sky) + 9 frequencies

Back-to-back
horns (4 K)

Bolometer
holder

® And only 9 “old generation” polarization bolometers: sensitivity is

funny...
Implication for slow-roll
single field inflation &
- =
o
g
0 © g |
IS ~100K } V-groove interfaces
g
O S K
O
\ ‘
O Back-end unit (300 K)
O
o tenish times less
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BICEP2 results

< BICEP experiment: a
“Get Lucky” strategy

 BICEP experiment:
JPLs bolometers trader

% To be kept in mind
« Compared to Planck?

« BICEP polarization
maps

« E and B modes map
 Why?
O:~ Angular power spectra

% The likelihoodlg a bit
funny...

Implication for slow-roll
single field inflation
O

O

® Stokes parameters

BICEP polarization maps

100%

100% Q

+Q

Q=-=0U=0;V=0

+U

Y

Q=0;U=0;V=0

(a) (c)
¥ U ¥
45
Q=0;U=0;V¥=0 Q=0,U<0,V=
(b) (d)
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BICEP polarization maps

BICEP2 It
T ® Stokes parameters
< BICEP experiment: a

“Get Lucky” strat€gy

« BICEP experiment:

JPLs bolometers trader

] ) T signal T jackknife
« To be kept in mind ~45 — : : . : y
« Compared to Planck? 5ok | 100
% BICEP polarization
maps ~B8 T I @
0 =
« E and B modes map 60 F 4
< Why?
-85 | 1 -100
(G Angular power spectra * - Fay® .
+ The likelihooddg a bit =0T : ' —— ‘
Q signal Q jackknife
funny... —45 . r : i T v
. 3
Implication for slow-roll _50 F 4
single field inflation
O -55 -
0%
60 1
O
-85 1
: : -3
7?0 . L 1 A 1 L
U signal U jackknife
_45 T T T T T T
3
— =50 F . 1
U 3
O O ﬁ- 55+
T b 4
£ 0%
2 sof ; 1
o
8
65 F 4 4
)) -3
_sgl i ; ; i :
O 50 0 50 50 0 50

Right ascension [deg.]
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E and B modes map

@ E and B maps (divergence and curl polarization basis)

< BICEP experiment: a
“Get Lucky” strategy

« BICEP experiment:

JPLs bolometers trader

 To be kept in mind BICEP2: E signal Simulation: E from lensed-ACDM+noise

« Compared to Planck? r 1.8
% BICEP polarization 50T
maps
' -55}
% Why? 60|
« Angular power spectra 5l
+ The Ikglihood is a bit -1.8
nny... o :
Implicatian for Slow-roll T
_single field inflation 0.3
O — =50
O o
‘ﬁ =55
s 0%
£ 60
]
9 _est
-0.3
O o . . L . .
50 0 =50 50 0 =50
Right ascension [deg.]
O O) O
()
Every cosmologist got an orgasm because B is not vanishing on
° large scales
O
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BICEP2 results

< BICEP experiment: a
“Get Lucky” strategy

* BICEP experiment:
JPLs bolometers trader

% To be kept in mind
“/ompared to Planck?
‘éICEP polarization
maps
« E and B modes map
) « Angular power spectra
O « The likelihood is bit

Ofunny

Implication for slow-roll
single field inflatiop~,
)

O
)
O
. o °
:)O
@)
O

Why?

® Because only gravitational waves and vector perturbations can
make ionized matter in the cosmic plasma moving such as it
generates a curly polarization

\|/ 4N

N “ O @ SRS RE
§ ¥ 'S Q () Q j) Q
7" 21

\ B<O \ / B>0 / -
_/ | | \_ P 2 1|

® Gravitational waves at that time can only come from inflation

® \ector perturbations at that time can only come from cosmic strings

and/or modified gravity

® This is new physics: so, after the orgasm, serious cosmologists
should be a bit skeptic
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Angular power spectra

® They match well with primordial gravitational waves

< BICEP experiment: a
“Get Lucky” strategy

« BICEP experiment:

150 ¢ 2 1 15 2
, TE- 42 PTE=0.30 1 EE - 4 PTE = 0.04
JPLs bolometers, trader P . t
b}
% To be kept in mind) = 4000 10
o
o2 2
...§mp ed tc? PI:.;mck. % 2000 .
D+ CEP-golarization =
maps U .""....‘,"-..-.-:.....".-‘..,"-...‘."-..-."‘-.-.."":..". 0 __‘__-:,‘f___l_-:'_-'_‘_';_________‘_________: --------- cespeves ‘ -----
2 1 : . . 0.1 . . 0.01 . . :
% E and B modes map O ‘ TE jack — x2 PTE = 0.20 EE jack — x2 PTE = 0.38
< Why? 0.5 0.05 ; 0.005
< Angular pOWer SpeCtra 0 “.‘+“+..‘*‘++*..+.+. 0..‘.....“....+.“...+“...*..A.....“..+...A.+..“,}....‘.‘.- 0 .‘+“{‘++. (R FERS (ea—| 1
% The likelihobd is a bit -0.5 ; -0.05 * -0.005
TT jack - ¥~ PTE =0.28
funny... Y ML i — 0.1 -0.01 e
O 0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Implication for slow-roll
single field infletipn - (-greE-0er | e 2prE-o0s
= 1 BB - %% PTE = 1.3x1077
{ | 0.05
0.04 l ‘ ' b
0 == 0 ¢ '
|~ I LI
O 0.03 4 { | [
0O -0.05
0.0z} & e
) 0.1 ——= 3 0.01 —— 3
0.01 | TB jack —x“ PTE = 0.16 EB jack — x° PTE = 0.69
0.05 ] 0.005
- 4
0 A TR TR SRS e [ ST .._.,+.._..._...,.......+......,.........,.+.,.+.. (1] SRR ,....t..... HEEIES) ST SRICH NI, Jeome
! } ¢ by f .
-0.05¢ 1 0,005
-0.011 gp jack - 42 PTE = 0.99 1
: : - : : - -0.1 - : : -0.01 :
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Multipole

® Up to some funny points that would rather match cosmic strings



(U  The likelihood is a bit funny...

® Let’s define r the tensor-to-scalar amount of primordial
) "Get fuoky:Stratogy super-Hubble power

(> BICEP experiment:
JPLs bolometers trader

® Only the first four/five bins are consistent with GW

%To be kept in mind
« Compared to Planck?

% BICEP polarization o ... - _
(10T o= -
% E and B modes map 1k _|
< ?
Why O L
< Ang 2y power sp&}ra 2 —
+ The likelihood is a bit -
funny... c -3 _
o]
lication for slow-roll g |
single field inflation o -4~ |— binl —
= | — bin2
— bin3
S | — bin4 7
L |— bin5
---- bin6
9 © 6 bin 7 B
- |---- bin8
O 4 bin 9 1
-8 |
0.001
O
oo © : :
o o ® That sounds like a bit of leakage from T—B
O

® The first four bins are the most important and seem robust
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BICEP2 results

Implication for slow-roll
single field inflation

“ CMB angular power
spectra

% The prirfordial B
contribution
“ « Data analysis |

« Data analysis Il

© Implication for slow-roll single field inflation

O

12/19




(U Ssingle field inflation

BIGEReYeslls ® Universe dominated by a slow-rolling scalar field in V' (¢)

Implication for slow-roll

e DI T e Triggers acceleration for ¢? < 1

e Single field inflation
% CNB angular power
spectra O

1.
% The pgimordial B K = §q§2 p=K+V P=K-V~—p

contribution
« Data analysis | @)
« Data analysis Il

O

O ® Schwarz and Terrero-Escalante classification
& | ST cIass 1 | | ST class 2

1.4} 14f

| ST clqss 3

4.5

4.0f
1.2} Plateau inflation 12}

351 Vacuum dominated inflation

Large field inflation

4

0 1 2 3 4 5 %80 02 04 06 08 10 12 14
¢/MP1 ¢/MP1 ¢/MP1

® Field-metric quantum fluctuations = P(k)
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BICEP2 results

Implication for slow-roll

single field inflation

< Single field inflation
< CMB angular poer
spectra

% The primordiaPB O
contribution

« Data analysis |
« Data analysis I

O
O
- O
O O
D)
O O O
J 5 o
O
O)
O

Inflationary universe history

Inflation Reheating Radiation

N* ~ 50-70 efolds Nreh ? P(k)

A

A

Nobs ~ 10 efolds

4—:—» 4:—>
1

= L s _
\/ \/ \/ N=In(a)
a Bend Aen
® Model testing: reheating effects must be included!
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BICEP2 results

Implication for slow-roll
single field inflation

< Single field inflation
« CMB angular power
spectra

“»The primordial B
contribution

« Data analysis |
« Data analysis Il

©)

(OO

Primordial power spectra

® Slow-roll inflation predicts [arXiv:1303.2120, arXiv:1303.2788]
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® Model dependence is only through H,, €;, ...
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@ CMB angular power specira

BICEP2 results 6000

Implication for slow-roll
single field inflation

< Single field inflation

< CMB angular power
spectra

« The primordial B
(@) 0 0
contribution

() Data analysis | © 4000

« Data analysisH

D)

N
o
o
o

I(1+1) C, / 21 (uK?)

10 100 1000

O
=
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The primordial B contribution

BICEP2 results 10000 | | I | | | I | | | I —

Implication for slow-roll
single field inflation

« Single field inflation

\

 CMB angularpower = =
spectra - -
< The primordial B — 7
contribution B ]
< Data @nalysis | 100 — ]

« Data analysis I e

X

O =
E E =
(V| — =
~~ [ —
: g —
o — 1— o

O s

O =
O . S 5
0.01— H

O I
O
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Data analysis |

BICEP2 results () Plaan a|0ne

Implication for slow-roll

single field inflation

« Single field inflation
O

« CMB angular power

spectra’ 5
. 0 0.16
< The primordial B _2.4]
contribution o 0-060F 1
0.08
RAEEEREWA! -3.0 1 0.045 |
% Data analysis |l < L & & 0.00
o —3.5p 1
> - 0.030} E
-0.08
© —4.2b ,
0.015} g
O —ag8l | -0.16
3.04 3.08 3.12 3.16 3.04 3.08 3.12 3.16 3.04 3.08 3.12 3.16 -48 —-42 -36 -3.0 -24
In[10° P, In[10° P,) In[10° P,) log(e, )
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—0.08} R 0.95f R
O 0) -0.16} 1 0.94r 1
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Data analysis Il

BICEP2 results ® Slow-roll inflation with Planck + BICEP2

Implication for slow-roll

single field inflation

 Single field inflation

% CMB angular power
spectra — sr2ndlog_plcwplow!_bcp

% The primordiaDB - - sr2ndlog
contribution

< Data analysis I©

o) * Data analysis Il
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O 0.000} 1
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-1.80| 1 i |
8) O 0.16 0.003} 1
-1.95| 1 0.08 : 1 0.000} 1
= —2.10] | & 000 | 1 & —o0.003} 1
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—2.40 ! I ! LN 1 ! ] | ! [ Ll ! ! ! ] 1 b v ! !
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€ € ng nyg

® Clearly a 20 tension between Planck and BICEP2
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