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New 500d TE, EE results are out!
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* Background on B-modes and delensing
“ Approach to delensing + Results

* Delensing etficiency + Outlook
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Inflation and B-mode polarization
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In LCDM, primordial gravitational waves (tensor-perturbations of the metric) are the only
source that imprints B-mode polarization on the CMB at recombination.

r is useful for e.g. determining the energy-scale of inflation, whether inflation is large or
small field, and ruling out inflationary models that predicts r values.

CMB primordial B modes provide a unique window to r.
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Measuring GW B-modes is hard: GMB anisotropy spectra
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CMB spectra + foregrounds

image credit: ESA
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Delensing: the idea

1. Use Phi to lens E-mode map to get expected lensing B
E map Phi map B template

weighted integral of
gravitational potential

between us and CMB Image credit: Hu & Okamoto (2002)
along line of sight

2. Subtract B template from B map

Delensed
B map

Bmap | — |Btemplate
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CIB as a Phi tracer

Phi: can reconstruct from CMB, but S/N 3 ' ' 'MCIB re cishift kernel H

rather low currently (Future will be better!)

Cosmic infrared background (CIB) from
dusty star-forming dusty galaxies with
redshift distribution peaked between z~1
and 2.

CMB lensing potential’s redshift kernel
peaks between 1 <z < 3

Cross-correlation can be as high as ~80%

Used for first detection of lensing B-modes
through cross-correlations (Hanson et al. 0.0

0 1 2 3 4 5 6

2013); first delensing of CMB temperature z

Bl M/M_o<10Y @ M/M_ <107 El M/M_ <10

Planck 2013 XVIII
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Lensing B template to delens SPTpol B modes

Inputs to form the B template

E-mode measurement

CIB map from Herschel 500um map
(Crites et al., SPT 2015)

IRAS dust-map
Schlegel et al 1998

: SPTpol 100 deg”2 field
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filtered E map
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filtered E map
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How well we reconstruct lensing B-modes — how well we delens
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How well we reconstruct lensing B-modes — how well we delens
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SP1pol BB spectrum (no delensing)

1.2
1.0 | _ B
0.8

i Combined

~ 0.6

3

(ap)]

| 0.4

o

—
0.2

Q

Q

D“" 0.0

QU
0.2 |- ’ .
—0.4 | ’ |
—0.6 \ \ \ \

0 500 1000 1500 2000 2500
V4

August 1st, 2017 14 W.L. Kimmy Wu



Delensed SPTpol BB spectrum

Manzotti, Story, Wu ++ 1701.04396
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28% reduction in best-fit A_L

(consistent with expectations from simulations)
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Spectrum difference: test no delensing

‘ o Combinjed

—- Simulations |
— 0.2 x CBB

Zero,

if no delensing |

500 1000 1500 2000

Reject no delensing at 6.9 sigma

August 1st, 2017 16 Manzotti, Story, Wu ++ 1701.04396  W.L. Kimmy Wu



Successtul demonstration of delensing B-modes!



Case study: limitation to delensing

Notations
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Delensing currently limited by Phi
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Delensing currently limited by Phi
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Future CMB-phi
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7 forecast with CMB-S4

f sky:3%

Delensed

o(r) = 0.001
benchmark
Delensed S o
No delensing N
| = = = Raw sensitivity RN
10* 10° 10°

Total Number of Detector Years (150 GHz equivalent)
CMB-S4 Science Book

« With Phi reconstructed with Stage-4 level noise, we expect ~10% lensing CI"BB residuals
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Summary

Using SPTpol and Herschel data, we have demonstrated delensing of B modes. We
reduced the best-fit lensing amplitude by 28% and ruled out the no delensing
hypothesis at 6.9 sigma.

Delensing is currently limited by the fidelity of the Phi maps.

With upcoming CMB experiments” deeper maps, better Phi maps will be available and
we can improve delensing significantly.

For CMB-54, delensing is essential for reaching benchmark sigma(r).

Thank you for your attention
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Systematics tests

R e

M = 150 |

S
8 8
2
|
%)
o
)
| |

\\\|I_\*\_|I_\._\||\\I_\‘\_|\|\

. EE_I_ {_

max — 2500

_}:_ 4 -

£max = 3500

t

aa R naiiy

___E_
o3

\I\_ﬂ\

No Src Mask _|

B A &

Extra Src Masking |

I\_*\_”\\

9 0 0 |

Y S

400 600 800 1000 1200 1400 1600 1800 2000 2200

2

LCPP (107 nK?)

1.5

1.0

0.5

0.0

—0.5

—_— Bé Theory | ! Linax = éSOO
— [ Ref “@_ No Src Mask —]
I Ermnin = 150 "% Extra Src Masking
I erwnin — 250 o CIB: CEIB_¢ X 1.1
"X Llmax = 2500 ~@ CIB: C/°7% x 0.9
B e N
- \\\\ ]
SOE s
e
oo
[ —
| |
500 1000 1500 2000 2500

2o

W.L. Kimmy Wu



—51°
N
o
-
-
A
N—
@,
3
A —57°
—60°
August 1st, 2017

on 23"

E

a5 A

..‘l y
‘ﬂfh' ‘ ‘t:’ ol
¥

\:‘ Llj‘ )‘“o " (‘;.:}

L] ' ]
'i$1f"" A8

rtlr' g \ |"\
' *y flr"‘"""‘
(

X ”Pfl iy, w’r/

[’ ‘. | -\\'q‘.c o"n
'. ““ _‘ |“} - N

o

4'

.!:'\\ e ‘lni._ ,{ ,“,1..\-
2y

“l.\‘l' -n\.‘J

' %\._“‘, " r‘$,‘ q‘ n'!'*iad
hH 1

U‘,

‘ O 5" ,’- (K ':;?-'.}
1' ‘ ." r\-‘\lt‘xt
"’ ' ‘\‘n" \"’l:,‘ «; LY

f‘.’:'.‘-\'-! A O
+15uK

RA (J2000)

Data maps

—51°

—54°

—57°

—60°

on 23"

RA (J2000)

26

—51°

—54°

—57°

—60°

on 23"

L A < ,;'- a.
’t y 4 » !—. By ‘\—.F
.I‘ g q.“.. ". ¥ \
a . P ' u .
! b ol b ¥
0 - 1
iy X £~
by i 5 ..
: ; X
" "
- } ! . :
' Y - b
4 L g |
h"':' k v A d
A g L_‘"'\ Y
/ Wt il | \ o |
‘.’ | S W .
1 vl &a L '...
”
R A
’ . ‘|¢I b
ol
+1.5uK
RA (J2000)
W.L.

Kimmy Wu



null tests
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Why delensing?
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lensing B-mode

We can fit lensing model + r simultaneously, but limited by sample variance of lensing
Delensing B-modes: using the realization-specific lensing B-mode sky to reduce

lensing sample variance

Especially important if observing a small sky patch

28

W.L. Kimmy Wu



Forming the b template: |
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Lensing B modes to first order in Phi has the form* A e
| A2y’ thec;retical
1‘ lens / / /
Bl = [ G WEOEENE ) || unienced E ph

where weight function

W(e,e,) — e, : (e 5 el) Siﬂ(Q@e’el).
* flat-sky approx.: £ = 27|u/|, u is Fourier mode.
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Forming the b template: |
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So we can build a B template by replacing theory E/Phi with measure

Forming the B template: 11
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Delensing currently limited by Phi
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