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Abstract:

Polarization anisotropies of the cosmic microwave background (CMB) encode a wealth of
the coming decade, a new generation of instruments starting with the Simons Observa
constrain the amplitude of B-mode patterns produced by inflationary gravitational waves
techniques developed to mitigate secondary B-modes induced by Galactic foregrounds a
to extract the primordial signal with optimal precision. | will present resulting perform
efforts to apply these methods to the new data currently being collected.

At the other end of the scale, complementary approaches based on numerical simulation
are emerging as a way of probing early-Universe quantum dynamics in real time. The
ongoing work on lattice simulations of false vacuum decay, aiming to understand the
renormalization effects. Finally, | will outline future avenues for combining cosmolog
exploiting the deep connection between the smallest and largest scales to gain a new pe
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Inflation: a link between cosmicscales =~ = .

Part I: Cosmological
observations

Microscopic
quantum
fluctuations

Macroscopic '
density . - Structure
perturbations , formation

Introduction
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 Part |~ CMB constraints

Inflationary prediction: nearly scale-invariant spectrum of primordial density fluctuations
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Observing primordial B-modes would allow to determine the energy scale of inflation!

Introduction
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Recent constramts on prlmordlal GW
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Current upper bound (95% confidence):
r<0.036
Corresponding statistical uncertainty:

o(r) =0.009
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Introduction
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» Some of the simplest inflation models now
excluded, e.g. natural inflation (purple) and
monomial potentials (orange)
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Challenge 1 Galactlc foregrounds

» Dust thermal emission -
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from cosmic ray
electrons
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Rescaled spectral energy distributions (SEDs)
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Foregrounds can be distinguished from the

CMB by multifrequency observations
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‘ "The Slmons Observatory (SO) SATs -
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Small Aperture Telescopes Synehrotras Dust  —— CMB
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Abitbol et al. 2021
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> 6 frequency bands for component
separation

» Most sensitive one at 93 GHz, where
foreground intensity is the lowest

CMB forecasts 6
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_ Challenge 2: weak Iensmg

D, = £(f + 1)Cy/21 [uK?]

plens — Z FALULYEx;
UL

We need to build a model (template) of
the lensing B-modes from measurements
of E and k

CMB forecasts
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: "The SII‘I‘IOI‘IS Observatory (SO) LAT 7 _

Large Aperture Telescope

Simons Observatory
Iarge aperture survey

» Still under construction, will start
operations in 2025

» Will provide high-resolution temperature and E-
mode measurements needed for lensing template

» Will observe a larger area (approx. 40% of the sky),
overlapping with several galaxy surveys

CMB forecasts 8
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Multltracer Iensmg reconstructlon

1.0
» Quadratic estimators using data from the LAT

N \
o Off-diagonal correlations between pairs of

lensed fields (TT' TE, EE and EB) . Internal Ro('onstl‘uotion_ N
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» Complement with cosmic infrared background o B } Namikawa et al. 2021
(CIB) and 10 100 L 1000
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a weighted sum of internal and —- > pﬁcombx
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CMB forecasts 9
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: "Template constructlon plpellne
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Hit-count maps

CMB forecasts 10
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CMB forecasts
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65% delensing efficiency achieved with

LAT-like simulations at goal noise level
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- Component separation pipeline -~ = . . -
SAT Q, U maps Instrumental noise Parametric model
,ﬁ';:é.v!_ S from data splits > Background cosmology
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» Power spectra modelled as power laws Cld/s = Agys (—) Y &

» Spectral energy distributions (SEDs):
o Dust: §¢ o« vPdB,(T,)
o Synchrotron: §5 o< vPs

» Leading order term (sky average):
CYY = SES0ct + 55807

+ (5455, + 5558 )eas / CLCE
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Lo
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1.15839 1.80617 -3.97702 -2.1854

Foreground SEDs vary in space due to inhomogeneous dust
temperature / grain types and fluctuations in the cosmic ray
energy distribution.

Second order expansion of SEDs:
o 5 s, a2
Sv(ﬁ(n)) = Sv(ﬁ) + aﬁSv -8B(f) + Eaésv : (5[5)(”))

« Moment expansion » of foreground power spectra:

extra terms containing Clﬁﬁ = Bd/s(l/lo)“/z_m b | 2017
uba et al. 2
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- Parameter inference example 2 *
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: "_Performance forecasts for 50 Nomlnal
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Mean of best-fit r and MCMC standard
deviations for 100 realizations
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Using moment expansion

CMB forecasts

Main takeaways

» No significant bias within statistical
uncertainties

> Error bars are reduced by ~30% to 40%
depending on foreground complexity

» Nonzero r successfully detected

SO’s target precision o(1)|,—o = 0.003
is achieved for all models after delensing

15
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Towards appllcatlen to real data % _?'_;_f S

Goal: build a lensing template from external tracers for early SO analysis

ACT DR6 lensing reconstruction unWISE blue and galaxy samples
3 - x(2) b(z) dN/dz
We(z) = —— Q. H2(1 + ( ) W9 (z) = ,
(Z) ZH( ) 0( Z)X( ) Ys ( ) de’(dN/dZ)
» Minimum-variance combination of TT, TE, EE > Fit linear bias model to C;C‘q
and EB quadratic estimators

Application to data 16
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Towards appllcatlen to real data

Goal: build a lensing template from external tracers for early SO analysis
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Application to data 17
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Combined lensing estimator
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Template auto-spectrum and cross-spectrum
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Delensing efficiency: fractional decrease in

lensing B-mode power
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Application to data
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T Kallosh & Linde 2019 Delensing will become increasingly important
| T A— B, as noise levels continue diminishing!
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Part II - Slmulatlng false vacuum decay

Also relevant for electroweak
baryogenesis and Higgs
metastability

15t order
phase
transition

FVD simulations
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Instanton formallsm sH e AT
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Relativistic scalar field in D + 1 dimensions: £ = 5 Lot — V()

» Path integral in Euclidean time 7 = it
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FVD simulations 29
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FVD simulations 23

Pirsa: 24120027 Page 25/43



Emllle Hertlg Perimeter Institute Cosmology Seminar 12 December 2024

Analytlc contlnuatlonﬁg_- S
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FVD simulations 23
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