


CMB LENSING

@ GRAVITATIONAL LENSING ENTAILS A REMAPPING OF THE PRIMARY CMB
ANISOTROPIES
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ZALDARRIAGA & SELJAK 98
BENABED & BERNARDEAU OO
OKAMOTO & HU O3

LEWIS & CHALLINOR O6

® DEFLECTION O(D)~2’ COHERENT ON DEGREE SCALES

@ CLEARLY NEXT FRONTIER FOR CMB STUDIES

@ CouLD CONTAMINATE CMB POLARIZATION BASED PRIMORDIAL
GRAVITY WAVE DETECTION IF NOT ‘“CLEANED”

® ALSO YIELD UNIQUE COSMOLOGICAL CONSTRAINTS (E.G. My=0.04EV

WITH PLANCK ALONE, LESGOURGUES ET AL. O6)
® DIFFERENT SYSTEMATICS: NO OVERLAP BETWEEN SOURCES AND

LENSES, WELL DEFINED Z SOURCE PLANE (0.09% IN Z...), WELL
UNDERSTOOD PSF...

CAN WE MEASURE IT NOW WITH WMAP?




AUTO- AND CROSS- CORRELATIONS

GRAVITATIONAL LENSING EFFECT ON THE CMB TEMPERATURE AUTO POWER
SPECTRUM IS TOO SMALL TO BE DETECTED BY WMAP (~0.30)
AUTO-POWER SPECTRUM OF @ IS NOT MEASURABLE FOR WMAP (~10)...

... BUT CROSS-POWER SPECTRUM OF O
WITH SOME TRACER OF THE
GRAVITATIONAL POTENTIAL, EG A GALAXY
SURVEY, COULD YIELD A DETECTION...
ANALOGOUS TO THE TE SIGNAL FOR CMB
ANALYSIS

CROSS-CORRELATION IS ALSO
ADVANTAGEOUS IN TERMS OF
SYSTEMATICS CONTROL

APPROACH ALREADY STUDIED BY HIRATA
ET AL. O4 WHERE WMAP-YR1 AND SDSS

LRGS WERE USED TO OBTAIN A 10
RESULT
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DATASETS

3 YR PUBLIC TEMPERATURE MAPS

3 BANDS (Q, V AND W) COMBINED OR NOT
UsSE KPO MASK TO COVER 79% OF THE SKY

(GALACTIC EMISSIONS AND PT SOURCES)
TAKE INTO ACCOUNT, FOR EACH DA:

@ BEAM WINDOW FUNCTIONS (CIRCULAR)
® EXACT BEAM PATTERNS

EXACT INHOMOGENEOUS NOISE PATTERNS

HINSHAW ET AL. O6

NRAO VLA SKY SURVEY
1.4 GHZ CONTINUUM SURVEY 50% COMPLETE
AT 2.5MJY

AGN POWERED RADIO GALAXIES, QUASARS,
NEAR STAR-FORMING GALAXIES

COVERS 82% OF THE SKY

AFTER REMOVING BRIGHT OBJECTS (>1JY)AND
LOW GALACTIC LATITUDE (|B|<10), WE ENDED
UP USING 1.29 10° GAL., IE 1.6 10°GAL/
STERADIAN

REDSHIFT DISTRIBUTION HAS A MEAN OF 0.89
AND PEAKS AROUND 1.

CONDON ET AL. 98




OPTIMAL ESTIMATOR

@ TwWO STAGE PROCESS

1- RECONSTRUCTION OF THE LENSING POTENTIAL WITH A QUADRATIC
ESTIMATOR: DIVERGENCE OF THE TEMPERATURE WEIGHTED GRADIENT

e &nggm(X ~
% ;q)fmyzm(x) = V¥ a(x) Vo (x)]

x) = Z Tngngm(x)
‘m

2- CROSS-CORRELATION WITH THE WEIGHTED GALAXY DENSITY FIELD

8 =35 L T 75 b (i) e
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B (S+N)! WEIGHTING APPLIED TO (7’)2 PIXELS MASKED MAPS USING A
CONJUGATE GRADIENT ALGORITHM WITH A MULTI-GRID PRECONDITIONER

® EQUIVALENT TO THE OPTIMAL BISPECTRA ESTIMATOR (T._MT._MGLM>

® WE DEVELOPED THE ASSOCIATED MEASUREMENT/SIMULATION PIPELINE
(~1 MIN-CPU/REAL) (CF SUDEEP’S TALK)




ESTIMATOR SENSITIVITY

MEAN CONTRIBUTION TO THE SQUARE SIGNIFICANCE 0?2
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@ MOST WEIGHTS COME FROM A COUPLING BETWEEN THE LARGE
SCALES GALAXY DISTRIBUTION (L~50, ~4 DEG.) AND SMALLEST
ANGULAR SCALES OF THE CMB (L~400, ~0O.5 DEG.)




PRELIMINARY MEASUREMENT
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® Q,V AND W BANDS COMBINED

® STATISTICAL 10 ERRORS ONLY EVALUATED THROUGH SIM X
SiIM, DATA X SIM OR SIM X DATA (CONSISTENCY TESTS)
@ ... BUT THIS RESULT IS JUST A TEASER...




SYSTEMATICS X SYSTEMATICS

® (BRIGHT) PT SOURCES
e UNKNOWN REDSHIFT
DISTRIBUTION

® UNKNOWN BIAS

* BT SOURGCES

ASTROPHYSICAL ®eSZ CLUSTERS
¢ RESIDUAL FOREGROUNDS

INSTRUMENTAL AND/OR |eBEAM UNCERTAINTIES *DECLINATION DERENESSE
OBSERVATIONAL e ASYMMETRIC BEAM EFFECTS $RINCGING ARCUINE S
SOlIREES
UNKNOWN BUGS, INCONSISTENCIES, ETC.

MUCH LESS OF A TEASE...




B SOURC]

S & SZ CONTRIBUTION

UNRESOLVED WMAP PT SOURCES MIGHT
APPEAR IN NVSS OR JUST BE CORRELATED

WITH NVSS PT SOURCES = SPURIOUS

CORRELATIONS

FIRST TO EVALUATE THIS SIGNAL WE
CONSTRUCT AN OPTIMAL ESTIMATOR TO
DETECT THIS CORRELATION ASSUMING A
GENERAL ANSATZ FOR THE BISPECTRA
(KTTG>) CONTRIBUTION, Br1,.12,.3=FL3

WE DO NOT DETECT SUCH A PT SOURCE
CONTRIBUTION

SECOND WE USE THIS MEASUREMENT TO
INFORM SPECIFIC SIMULATIONS TO
EVALUATE THE CONTRIBUTION TO OUR
LENSING ESTIMATOR

THIS CONTRIBUTION WILL BE THE DOMINANT
SINCE IT ACCOUNTS FOR ABOUT ~27% OF THE
STATISTICAL ERROR BUDGET

NOTE THAT THIS DETECTION ALSO INCLUDES
SZ CLUSTERS SINCE THEY ARE NOT RESOLVED
BY WMAP BEAMS
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FREQUENCY DEPENDANCY
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STRONG TEST FOR ANY ASTROPHYSICAL CONTAMINATION
NO DEPARTURE FROM THERMAL SPECTRUM
BUT WE STILL MARGINALIZE OVER FOREGROUND TEMPLATES (FREE-FREE

AND DUST) WHICH ADD ~15% TO THE STATISTICAL ERROR BUDGET




WSS SYSTEMATICS - 1

0.001 prrrr
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SURVEY DEPTH IS A FUNCTION OF 0.0008 - il
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@ RINGING AROUND BRIGHT SOURCES

@ WE THUS MASK THE BRIGHT SOURCES

AROUND THEM




NWVSS SYSTEMATICS - 11
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® POORLY KNOWN Z DISTRIBUTION AND BIAS OF NVSS OBJECTS

@ EXISTING MODELS DO NOT FIT THE AUTO-POWER SPECTRUM SO WELL (E.G.
PIETROBON O6)

® WE PROPOSED A “LOPSIDED GAUSSIAN” WHICH IS A BETTER FIT (WITH Be=1.7)

(z—l.l)2
dN exXp(~ 2087
dz & _ (z—11)?

XP |~ 2003y

(z<1.1)
(z>1.1)

@ BUT NOT CRITICAL FOR MEASUREMENTS SINCE THE CMB LENSING KERNEL IS
BROAD




WMAP SYSTEMATICS

2 WMAP TEMPERATURE MAPS CONSTITUTE A CLEAN DATASET: WHITE NOISE
AND FOREGROUNDS... (AND CMB...)

@ WE STILL NEED TO WORRY ABOUT ASYMETRIC BEAM EFFECTS

@ THEY ARE SMALL BECAUSE OF INSTRUMENTAL DESIGN (ELLIPTICITY>O0.8)
AND SCANNING STRATEGY (LESS THAN 1% ON C,.™" FOR V AND W), THEY CAN
STILL MIMIC LENSING (SHEARING COLD OR HOT SPOTS)

® WE USE THE FORMALISM DEVELOPED IN HINSHAW ET AL. O6 TO PERFORM
EXACT SIMULATIONS OF THIS EFFECT

E.G. V1 BEAM

s=0 S =N
0=88UK 0=0.4UK

SiE2 s=3
O=1.UK 0=0.04K

@ ADD ABOUT ~49% TO THE STATISTICAL ERROR BUDGET




BNVSTEMATICS: BEST OF

Beam Galactic Point source + SZ
(mmin, fmax ) || Statistical | Asymmetry Uncertainty Total|Dust Free-free Total|Unresolved Resolved Total || Stat + systematic
(2,20) +0.9 £0.3 +14 +10.9 : : 1744274
(20, 40) +0.2 st ] £0.5 +4.9 : : 33.2. 341340
(40, 60) st =t (1] £0.3 12.8 . . 15.949.3
(60,80) =N Sell £0.3 Sl . . L 2= .0
(80, 100) +0.1 st £0.3 silli : . 5IEEGH
(100, 130) +0.1 Sl ) +0.6 . . 815 am i
(130,200) <ML <l +0.1 +0.3 . : 10iS= 2
(200, 300) <] &< ():1 St +0.3 . ; -1.9x23




FINAL MEASUREMENT
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Q, V AND W COMBINED

ALL SYSTEMATICS ARE COMBINED

RESULTS ARE ROBUST WRT SYSTEMATIC EFFECTS
COMBINED IN ONE SINGLE BAND POWER:

C=1.15 £ 0.34, 1.E. A 3.40 SIGNAL DETECTION




CONCLUSIONS

® WE USED WMAP 3YR DATA AND NVSS TO INVESTIGATE THE
SIGNATURE OF GRAVITATIONAL LENSING IN THE CMB

@ AFTER A DETAILED STUDY OF SYSTEMATIC EFFECTS (PT SOURCES, SZ,
FOREGROUNDS, BEAM EFFECTS...) WE REPORT A 3.40 “DETECTION”

@ THIS SIGNAL IS AT THE EXPECTED LEVEL GIVEN THE CURRENTLY
FAVORED \CDM MODEL

® WE ARE CURRENTLY EXTENDING THIS WORK TO STUDY

® THE COSMOLOGICAL IMPLICATIONS (Os, Qu, ...)
® THE DETAILED SZ/POINT SOURCES INTERPLAY

@ THIS IS JUST THE BEGINNING
2 WMAP WILL NOT DELIVER MUCH MORE
@ ACT/SPT (see Davip’s TaALK) AND PLANCK wILL BRING CMB

LENSING TO ANOTHER LEVEL (60 O SIGNAL FOR PLANCK ALONE..)
AND WILL ALLOW UNIQUE SCIENCE TO BE DONE

@ THANKS BERNARD!







