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Squeezed bispectrum and spectral distortions

Squeezed bispectra generate couplings between large and small scalesi.e.,
large scale modulation of small scale power

This modulation couples CMB temperature fluctuations on large scales to
spectral distortions arising from acoustic wave dissipation at very small scales.

* UseTuto measure local fy, (Pajer and Zaldarriaga 2013)
* Further constraining power on fy running (Biagetti et al. 2023, Emami et al. 2015)
* Large S/Nincrease for “super-squeezed " shapes (Ganc and Komatsu 2013)

What can we say about trispectra?




Trispectrum

Diagonal squeezed
trispectrum: T,

Pictures from Lewis(2012)
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Trispectrum and spectral distortions

The puu spectrum can be used to measure small scale modulation of power due
to a squeezed diagonal trispectrum. Sensitivity to Ty, (flat uu spectrum in the

Gaussian, stationary case)

* T(Tw) can measure large scale modulations of the bispectrum -> sensitivity also to gy,
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Same approach can be applied to T
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Full calculation is cumbersome. Formulae above reproduce quite accurately
The exact behavior
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TTu bispectrum, g, contributions
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Forecasts

Simple Fisher matrix forecasts (assuming perfect component separation)
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* Fiducial fy, =0. No Tu terms in the variance

« Cwdependsonty . C™NL~ (5 x 1023 1y 1Y dominates over Gaussian part,
CunG ~ 10739, if T, does not vanish

* We fix several values of T, and compute Ag,, in each case

* S/N scaling, from flat sky approximation
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TTu: CMBpol
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Testing fy, running with wand y distortions

—_— CMB
— ydistortions

— p distortions

* CanuseTuand Ty to measure fy, at different scales and test running.

* Main problem: SZ effect generates large Ty (bias) and yy (noise)
(Emami et al. 2015, Dimastrogiovanni & Emami 2016,
Creque-Sarbinowski, Bird, Kamionkowski 2016)
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Remove bias: yE correlation

* SZ-CMB temperature correlation is due to late ISW.

* yE does not contain this spurious, non-primordial signal.

Recombination

( Reionization

r=cn [Mpc/ih]
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Mitigate yy noise from SZ

* Mask resolved clusters, exploiting external datasets (e.g e-Rosita)

* Fordiffuse y component from unresolved cluster: exploit cross-correlation
with external tracers (lensing) to build a SZ y-map template, and subtract

» Use halo model to calculate SZ power spectrum
» Use halo model to calculate Lensing-SZ cross-corelation

» Consider ML estimator of SZ y-map, given observed lensing map
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» Subtract
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Non-linear kinetic SZ

After reionization, free electrons source y-distortions. Non-linear kinetic SZ due to bulk
motion of free electrons. Proportional to v, 2

 Correlation with polarization sourced at reionization [y OISR RN

* Leading order ~ trispectrum
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« We computed the correlation numerically. 2™ order E transfer functions computed
with SONG (Pettinari et al. 2014)
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Forecasts

- y-T @ E, clean + PRISM
- u-TQE
| ]
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PIXIE
Mask T ToFE T@®FE, clean.
Unmasked 12700 3300 2900
eROSITA 8600 2700 2300

PRISM
Mask T T FE T&FE, clean.
Unmasked 4900 1700 1300
PRISM 1000 380 300

Overall factor ~ 16 improvement (PRISM)
From masking + template cleaning + yE

20% improvement on uT when

CosmIC Varlance lelted addlng M‘E (See also Ota 2016)
Mask T TeFE T FE, clean.

Unmasked 2300 1000 750

PRISM 400 160 130
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Conclusions

The uuT bispectrum carries interesting extra information abiut PNG, with respect
to uw, uT. It allows building (unbiased) g, estimators.

As usual, since one integrates over lots of modes up to very high k, the potential
of an ideal survey is impressive: g, <1

In practice, requires ~1000 smaller noise power than a CMBpol-like survey to improve
over current Planck bounds (very optimistic, neglects foregrounds and systematics)

Correlating spectral distortions with polarization is also interesting. Besides
obvious error bars improvements, yE does not display SZ contamination. Useful
especially for f, running




