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THE T-¢ CORRELATION

The CMB temperature is given by
T(i1) = O()+ 08V (1) 4+ [Vo-VO] (1) +.. .,

where the ISW and lensing effects are

X

o"W@m) = 2 i dx W (xi; 1m0 — x)
X _
o) = -2 [ X" Xu(xit;n — )
0 XxX

This leads to a non-Gaussian bispectrum:

(TTT) = <éISW(V'¢ : v'@)é>
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THE E-¢ CORRELATION

There are also lensing bispectra in polarization. No longer from
cross-correlation with ISW, but from overlap between potentials which
source ¢ and quadrupoles which source reionization E-modes (Lewis,
Challinor, Hanson 2011). Recently implemented in CAMB.

z ~ 1100
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THE LENSING BISPECTRUM

» The T-¢ and E-¢ correlations oaf
are significant—- O(30%) on
large scales, but fade quickly. ;

» The ¢-induced T and E %
covariances are mostly at
high-I, while the ’
cross-correlation is at low-/, so
get a squeezed shape.
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Lewis, Challinor, Hanson (2011)
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USE OF LENSING-ISW

» The lensing-ISW bispectrum is a
(relatively) direct probe of dark
energy (Seljak and Zaldarriaga

1(1+1)CP®2m

1998, Goldberg and Spergel o
1998).

» Particularly good at breaking
the angular diamaeter distance 107
degeneracy (Hu 2001).

» There is a significant overlap
with the fi9l-type bispectrum
WNC(¥) = U + fivg (97 — (92))
(Smith and Zaldarriaga 2006).

I(1+1)CP*2m

lb 100 1000
Hu (2001)
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LENSING-ISW AND fiocal

Why does the lensing-ISW bispectrum project onto the f9¢a!
bispectrum?

x10°

» Lensing convergence results in
a local change of scale — local
change of variance.

» fiocal corresponds to a local
change in the amplitude of the
power spectrum — local ;
change of variance. % s s v i o

So there is an overlap between the local and ISW bispectra (although
phases differ). The large amplitude of the ISW-lensing bispectrum
results in significant contamination for fiocal.
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THINGS TO WORRY ABOUT

Planck has the ability to detect this signal (plots to come later), but
there are a few fundamental things to worry about:

» In the event of a significant detection, what is the
effect of signal variance?

» What is the effect of lensing on other bispectra
(claims of large effects from Cooray, Sarkar and
Serra 2008), and is there a way to calculate the
lensing of the bispectrum non-perturbatively?

Higher order lensing terms in C;%’ are known to be
important for Planck, SPT (e.g. Alex’s talk
yesterday).

() April 22,2011 8/17


http://arxiv.org/abs/0803.4194
http://arxiv.org/abs/0803.4194

BIRDWATCHERS’ GUIDE TO BISPECTRUM
CALCULATIONS

We'll write the lensed temperature graphically:

T(7) = O(#1) + O"Y(71) + V'¢V,0(i1) + V'¢Vip - V;0(71) + . ..

Using the following glossary:

Product of fields:
Observable field: b
T L
(C] .
.............. o
Gaussian field: 6.
ISW 'o
....... 0 . o K
-------------- ?
Vo
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SIGNAL VARIANCE

In bispectrum-language, often
think of the minimum-variance
estimator for the lensing-ISW
amplitude as

. 1
A=z2. 2
lilpl3 mymams
Tllml lem2T13m3 mimoms

CTTCTTCTT 111213
h ~h ~

It’s more natural to write

TI3 ms
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SIGNAL VARIANCE

In bispectrum-language, often
think of the minimum-variance
estimator for the lensing-ISW
amplitude as

N 1
A=2> D
111213 mymoing
Tllml lem2T13m3 mymams
TT~TT~TT "Ll
C11 C12 Cl3 1hl3
It’s more natural to write
T~
A-ly G ST
o ¢ ~TT
F N 1 Cl

Im
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SIGNAL VARIANCE

Treating ¢ as Gaussian, suggests
the prescription

T 7 *
C/? Ty,

Im

From simulations, describes well
the increase in variance due to
signal.

. 1
A=— .
F Z (quﬁfﬁ + C;M?)CZTT + (Cleﬁ)z
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SIGNAL VARIANCE FOR fyocal

» The same picture applies to
the squeezed triangles of £
as well (sort of like Munshi
and Heavens 2009).

» Can picture as correlation of
two small-scale modes,
modulated by large-scale
mode.

» Potential improvement on the
CSZ approach (Creminelli et.
al. 2007, Smith et. al. 2011).
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BISPECTRUM LENSING

» For a squeezed bispectrum,
safe to use the “unlensed
short-leg” approximation.

» Lensing terms generate
coupling between the two
long-wavelength modes, e.g.
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BISPECTRUM LENSING

» For a squeezed bispectrum,
safe to use the “unlensed
short-leg” approximation.

» Lensing terms generate
coupling between the two
long-wavelength modes, e.g.
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BISPECTRUM LENSING

We want to calculate

Vigv,0 1Vigvigv,e Ivievigviev e

Lo AR S L

1 ’
o) 1 o St o Si1,0?
....... o 4 LT T e m -t + ...
T T T

Always keeping one ¢ free (grayed out) to correlate with ISW.

Note that in real space

1)
)

T(it) = (VO)[ir + V()] = VT (1),

where VT is the lensed gradient of the CMB.
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BISPECTRUM LENSING

We want to calculate

Vi¢v,e ivigviev,e ivigvieviev e
N S Lo,

@ & 1 Ve
e ' e 1 o S1,0?
....... I P Tr T +o.
T T T

Always keeping one ¢ free (grayed out) to correlate with ISW.
In Fourier space we have (again with ﬁ(ﬁ) = VO[n + Vo¢(n))])
TO)—2T@)) = —— o +h+L)h- <T(T W, )*>
15¢(Tz)* 3 S0l thatla)h 1 1
Lo 07 7T . 7T
~ —E(S(h +hL+1B)(h- lz)Cll .

Where the validity of ~ is determined by the extent to which gradients
and lensing commute.
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BISPECTRUM LENSING

» So lensing of squeezed
bispectra may be
approximated simply
by accurately lensing
the long legs, e.g. using
CAMB.

» Works well for figcal.

Slice through figeal

(=1)"€" By g0 (WK x107)

= Unlensed |
—= Lensed

» Corrects an O(10%) . : ’ ‘ i
suppression at low-/. ) O.OMM\V/\/\/\A

500 1000 1500 2000 2500
L

10,10

(AB/B)

> Also explains the N 1(2)

bias for ¢y, power
spectrum at low-I.

Hanson et. al. (2009)
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DETECTION ON DATA

» Currently null results on WMAP (e.g.
Calabrese et. al. 2009).

Ultimate detection significance with
T and E limited by signal variance to
~ 90, although non-linear effects
could make this higher (Mangilli and

| 4

Verde 2009).

—— TE Planck
——T no noise
—— T Planck

—TE no noise

0
500 1000 1500
lmas
L Tlens Corr. | fnr Bias U;Ir:fge
T 431 0.19 0.24 9.5 4.44
T+E 2.14 0.12 0.022 2.6 2.14
Planck T 5.92 0.26 022 6.4 6.06
Planck T+E 5.19 0.22 0.13 43 5.23

Lewis, Challinor, Hanson (2011)

April 22,2011

2000

15/17


http://arxiv.org/pdf/0909.1837v1
http://arxiv.org/pdf/0906.2317v3
http://arxiv.org/pdf/0906.2317v3

PLANCK PROSPECTS

0.7
» Good match for Planck, with o6l l
full—sky coverage. o 0.5k ISW-lensing bispectrum |

» Predict ~ 40 from temperature ;(5
alone for linear ISW. S
» Difficulty in that low-l in ¢ is &

also where many scan-strategy
associated systematics live.

» Also need to worry about (S0pKaremin, 77 FWHM)

things like peculiar velocity
dipole.

A challenge, but exciting!
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CONCLUSIONS

» ISW-¢ directly traces dark energy / matter at z ~ 2.

» E-¢ is significant as well, and should be sensitive to even higher
redshifts.

» Signal variance can be treated by approximating ¢ as Gaussian.

» “non-Perturbative” lensed bispectra can be calculated in the
squeezed limit, using unlensed short-legs.

» Aim for detection with Planck, which has sky-coverage and S/N
for ~ 4o.
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