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This Started With Measuring Non-Gaussianity.

B Common way to compute non-Gaussianity:

Bl 1,15 B 1,0
fNL { 10203 10203
DHRETET _—
ol A Map
B Can extract from data: BT R,
i BEE AN
S3 = /r2dr/dQA(r, 0)B*(r,Q) SRR R e
< RN A _:’,,,_,,/
Where A and B are weighted CMB maps.  — —
AIternativer: B Map
2 1
cit = QdTZAlm 3(2) CP = A1 "“QdTZ(AB)ka(T)Bzm(T)

Leading to a skewness power spectrum:
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Testing Skewness Spectra on Simulations:

* Run estimator |00 publicly available simulations:
(From Franz Elsner and Benjamin D.Wandelt)

* Add desired level of NG: i = aS, + fxnal®

* Good as fisher error estimate is +/- |3
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Works well on simulations.



log M,

Parameter Estimation

® We remove Masking Effects:
(Master Alogrithm of Hivon 2001.)

C = Z My Ch,
ZI
® We want to minimize where C is covariance matrix;
(C is obtained from Gaussian simulations.)

X’=wy-M-p)'C ' (y—M-p)

B We set the above’s derivative to zero and solve for our
parameters

Correlation Matrix for ¢/*"
P = (MTC_lM)_lMTC_l .y O
® Our error for each parameter is

Ap=(MTCctm)—




Fit for fn with the skewness power spectra :

Smidt et al. (2009) PRD 80, 123005

fol from C21) estimator :

Vil6.7£27.1, W: 187272, V+W:I11.0+24

fa variation with scales :
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Let’s Complicate lt: Trispectrum

We can look at four point function for non-
Gaussianity:

lal [y Il L I3 Iy L
< Alymy Alyma Alzms Aamy > e= ZTZFZ; (L) ( m; mg M ) ( my mo —M
LM

Where T has the form:

j}lglllj([x) = NLE(I1,12,13,14, L) + gn1.G (11, 12, U3, 14, L)

And construct Kurtosis spectra to constrain this
non-Gaussianity.

IsLa (1) 7l 11 111
2 2) Z T3 ()2 () 3D _ Z T2 ()T, 2 (L)
CLCLC.C Cr.ClLC..C

l; L

This time, 2x2 and 3x| weighted maps are used.
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Results:
Smidt et al.(2010) PRD 81, 123007
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1.32+£1.27 x 10* 1.39+1.31 x 10* 1.35£0.98 x 10*

previous constraint on Tn from COBE was <108



Measuring C,*® directly from the

trispectrum of the CMB.

Smidt et al. 201 |
(ApJL, Volume 728, Issue 1, L1 (2011))
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ABSTRACT

The temperature fluctuations and polarization of the Cosmic Microwave Background (CMB) are
now a well-known probe of the Universe at an infant age of 400,000 years. During the transit to us
from the surface of last scattering, the CMB photons are expected to undergo modifications induced by
the intervening large-scale structure. Among the expected secondary effects is the weak gravitational
lensing of the CMB by the foreground dark matter distribution. We derive a quadratic estimator that
uses the non-Gaussianities generated by the lensing effect at the four-point function level to extract the
power spectrum of lensing potential fluctuations integrated out to z ~ 1100 with peak contributions
from potential fluctuations at z of 2 to 3. Using WMAP 7-year temperature maps, we report the

first direct constraints of this lensing potential power spectrum and find that it has an amplitude of
Ap, =0.96 £+ 0.60, 1.06 £ 0.69 and 0.97 & 0.47 using the W, V and W+V bands, respectively.

Subject headings: cosmology: cosmic microwave background — cosmology: observations — cosmology:
theory — gravitational lensing



Weak Lensing

® Photons leave surface of last scattering.

® Deflected by large scale structure.

Gravitational Potential ¢

Deflection Angle o = V¢

(Credit: S. Colombi (IAP), CFHT Team)



Extracting lensing
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VWhere: (Hu (2001) Phys.Rev.D64:083005)

T2 (L) = C3° (éngzleL + CN’lelgzlL) (éz4Fl3z4L + élgFmsL)
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* Has same form as local non-Gaussianity:
Tllglllf (L) = m~vhigionhisi, n F (1, 1o, U3, 1a, L)

* This means we can measure C,*® similar to how we
measured T,



So We Play The Same Game
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Simulations vs. Theory Curve.

Make 400 Gaussian Maps

Used Lenspix to seed 400 Gaussian maps with
arbitrary C,*%

Use Gaussian Maps to subtract off Gaussian piece.



Results From VWWMAP Data

® Results fromV and W band VWMAP 7 data.

® Also a null testV - W.

® Use y° and the covariance matrix as before.
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A 20 Excess For Lensing.

® Jo measure the lensing amplitude we

constrain A; C*¢

® A =0is for unlensed sky. Aj = | is fiducial.

® Use CosmoMC. (2 sigma measurement of
lensing amplitude.)

Params. WMAP7 WMAPT+A; WMAPT-A;+C ,U P

10°Q h? 22.51 £ 0.62  22.59 4 0.63 22.60 = 0.58
102Q 002 11.084+0.57  11.04 4+ 0.54 11.09 = 0.54

T 0.089 + 0.016 0.090 £ 0.015 0.089 4+ 0.015

s 0.967 £ 0.015 0.968 + 0.014 0.968 + 0.014

Q4 0.734 £ 0.031 0.737 £ 0.028 0.735 4+ 0.027
Age/Gyr 13.8 4+0.14 13.7+0.14 13.7 4+ 0.13
H} 71.0 £ 2.7 71.34 2.5 71.1+24
AL 1.0 0.87 + 1.05 0.97 4+ 0.47

(Smidt et al. (201 1) ApJL 728

, Issue 1, L1)



In Conclusion

These new estimators are powerful.

Can constrain scale dependent quantities in the
bispectrum and trispectrum.

So far have been applied to non-Gaussianity and
lensing.

Thanks for listening.



