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WMAP7 Stacking (source: Komatsu et al. 2011)
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resolution: FWHM 30 arcmin
c.f. Enrique’s talk for basic stacking results.
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T on hot spots T on cold spots

24645 patches on T maxima, random orientation, threshold v=0

24582 patches on T minima, random orientation, threshold v=0
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resolution: FWHM 15 arcmin
Peaks are selected above a threshold | Tjeq| > v4/(T2) (v =0 here).
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Q, on hot spots Q, on cold spots

33214 patches on 7' maxima, random orientation, threshold v=0 33126 patches on T' minima, random orientation, threshold =0
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resolution: FWHM 15 arcmin
Peaks are selected above a threshold | Tpeak| > v4/(T2) (v=0 here).
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Three key elements:

A What to stack? (cosmic field u)

B Where to stack? (selection of patches, e.g., peaks)
C How to stack? (patch orientations)

“where” and “how” give constrained parameter(s) ¢;

WMAP & Planck 2013  Planck 2014

What T,Q,U, Qr!Ur T,Q,U, Qr; Ur:EaBa QTa UT1 Z.:’dV!"'
Where T peaks T,E,B,Q*+U? Q3+ U2, {4y... peaks
How unoriented

oriented and unoriented
For Gaussian fields,

(u|g;peak, orientation) = (uq'){(qq") ' (g|peak, orientation).
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First derivative vanishes on the peak. Need to use the 2nd derivatives.

Intuitively (flat-sky limit):
Qr= V‘Z(af — 03T, Up=—2V%2,0,)T

Slightly non-intuitive (on the sphere):
Qrm=iU;m=Y,  [[ 7)Y}, (n)d*n'] ., ¥, (n)

Orient the patch such that Uy vanishes in the centre.
(u|qg; peak, orientation)(c, ¢) decomposes to cos m¢p, m =0,2,4.
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m Planck 2014: component separated full-mission maps. (only
SMICA shown in this talk, others are quantitatively similar.)

m FFP8: component separated maps from simulated Planck
full-mission maps, assuming a fiducial cosmology (Planck
2013 best-fit).

m Noise-free: Random-Gaussian maps from the same fiducial
cosmology, assuming perfect observation.

m Derived maps: E, B, and {4, maps. (g, is visibility-weighted
line-of-sight integral of the primordial curvature fluctuations
Z.

m All polarization maps are high-pass filtered maps.

=
)4

=
17

=

~

eSa




peak threshold v =0, resolution FWHM 15 arcmin:
Planck 2014 FFP8 noise-free sims

24655 patches on T' maxima, oriented, threshold v=0 23506 patches on T maxima, oriented, threshold v=0 27693 patches on 7' maxima, oriented, threshold v=0
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Angular dependence (cos m¢, m =0, 2)
Noise has no noticable impact.
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peak threshold v =0, resolution FWHM 15 arcmin:

Planck 2014 FFP8

33216 patches on T maxima, oriented, threshold v=0 31627 patches on T maxima, oriented, threshold v=0
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Angular dependence (cosm¢@, m =0, 2, 4)
Again noise has no noticable impact.
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noise-free sims

37678 patches on T maxima, oriented, threshold =0
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E on oriented T peaks Q on oriented QZ + U7 peaks

33216 patches on T maxima, oriented, threshold v=0 58099 patches on Pr maxima, oriented, threshold v=0
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Planck 2014 (peak threshold v = 0; resolution FWHM 15 arcmin)
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{ 4y On unoriented {4, peaks { 4y On oriented {4, peaks

20362 patches on ¢ maxima, random orientation, threshold v=0 20373 patches on ¢ maxima, oriented, threshold v=0
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Planck 2014 (peak threshold v =0; resolution FWHM 15 arcmin)
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Q, on unoriented E peaks Q on oriented Q? + U? peaks

99529 patches on E maxima, random orientation, threshold v=0 196910 patches on P maxima, oriented, threshold v=0
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Planck 2014 (peak threshold v = 0; resolution FWHM 15 arcmin)
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m Cosmological contribution to 6 T,,(w) are mostly from low ¢
where cosmic variance is large.
m Statistical isotropy =:
6T, (w)=w"(cy+ cyw?+ oot +...)
m Truncate at order n and compute the mean and cov. of
(s €1y Coynvvs Cp)
m Compare y? for Planck map and sims:
p-value := y2 > i . rate.
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140 = Planckl4
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1000 FFP8 sims.: use subset#1 to compute cov. , and use
subset#2 compute p-value
Example: Truncation n =4 (5 d.o.f. ¢y, ¢y, ¢y, C3, 24)
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map subset#1
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full radial profile

mean subtracted

SR(K)
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(p-value 0.89 for truncation n =4)
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(p-value 0.20 for truncation n =4)
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full radial profile

Qo T na

196910 patches on P maxima, oriented, threshold »=0
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Noise bias does not spoil the main feature.
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Preliminary

Small discrepancy around @ = 0 is due to
noise mismatch on small scales in FFP8
simulations.
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Planck 2014 (Smica map; Common Mask)
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Planck 2014 Component Separated Commander Dust Map

Dust Component, T' < 25uK CMB Component
43 patches on P maxima, oriented, threshold v =1, I < 25uK 33536 patches on P maxima, oriented, threshold v =1
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Q stacked on Q? + U? oriented peaks (oriented s.t. U vanishes in the centre).
Patch size: @ <=7°; threshold v=1
T map FWHM 2°; Q, U maps FWHM 15 arcmin.
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Dust Component, T <35uK

274 patches on P maxima, oriented, threshold v =1, I < 35pK
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Patch size: @ <= 7°; threshold y=1

Planck 2014 Component Separated Commander Dust Map

CMB Component

33536 patches on P maxima, oriented, threshold v =1
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Q stacked on Q2 + U? oriented peaks (oriented s.t. U vanishes in the centre).

T map FWHM 2°; Q, U maps FWHM 15 arcmin.
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Planck 2014 Component Separated Commander Dust Map

Dust Component, T' < 45uK CMB Component
809 patches on P maxima, oriented, threshold v = 1, I < 45K 33536 patches on P maxima, oriented, threshold v = 1
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Q stacked on Q2 + U? oriented peaks (oriented s.t. U vanishes in the centre).
Patch size: @ <=7°; threshold v=1
T map FWHM 2°; Q, U maps FWHM 15 arcmin.

Preliminary




=

—
_—

=

Z—

Planck 2014 Component Separated Commander Dust Map
CMB Component

33536 patches on P maxima, oriented, threshold v =1

Dust Component, T <55uK

1855 patches on P maxima, oriented, threshold v =1, I < 55uK
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Patch size: @ <=7°; threshold v=1
T map FWHM 2°; Q, U maps FWHM 15 arcmin.
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Q stacked on Q2 + U? oriented peaks (oriented s.t. U vanishes in the centre).
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Planck 2014 Component Separated Commander Dust Map

Dust Component T < 95,uK CMB Component
6673 patchea on P maxima, oriented, threshold v =1, I < 95K 33536 patches on P maxima, oriented, threshold v =1
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Q stacked on Q? + U? oriented peaks (oriented s.t. U vanishes in the centre).
Patch size: @ <=7°; threshold v=1
T map FWHM 2°; Q, U maps FWHM 15 arcmin.
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Planck 2014 Component Separated Commander Dust Map

Dust Component, T < 115uK CMB Component
8531 patches on P maxima, oriented, threshold v =1, I < 115K 33536 patches on P maxima, oriented, threshold v =1
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Q stacked on Q? + U? oriented peaks (oriented s.t. U vanishes in the centre).
Patch size: @ <=7°; threshold v=1
T map FWHM 2°; Q, U maps FWHM 15 arcmin.
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Planck 2014 IL&S exploré:s a large family of novel stac
methods.

Unoriented stacks of T and Q, probe m=0TT,TE,EE
correlation functions.

Oriented stacks probe either m =0,2 or m=0,2,4
TT,TE,EE correlation functions, many spatially localized
probes of Random Fields, Gaussian or not.

Statistics of stacked Planck 2014 data is compatible with the
FFP8 ensemble - no “smoking gun” anomalies.

Stacking gives a complimentary approach for probing
hemispherical asymmetry.

Stacked oriented dust maps are more directional than CMB
stacks. A future test for contamination?
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NE fon" Corim (n(ng—1))) Te " dn, where (1) is the optical
depth and 1) conformal time. {,,ir(x) is the primordial curvature
fluctuations.

In Harmonic space (given measured 1;,,):

é’l m= é,l m |constrainedT j‘ glm |unconstrained
L tmleonsirained = gy T
Imlconstrained cIT+N; Im
Zimlunconstrained 1S @ random Gaussian field with power

_ ¢ (CIT:)Z
=C, TN,

C!" and Cng are computed from best-fit ACDM. Noise spectrum
N, is computed from FFP8 #0 (for the scales we are considering
N, < C'" so doesn't matter which model to use).
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