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Abstract: Next generation cosmic microwave background (CMB) experiments and galaxy surveys will generate a wealth of new data with
unprecedented precision on small scales. Correlations between CMB anisotropies and the galaxy density carry valuable cosmological information
about the largest scales, creating novel opportunities for inference. It is possible to foresee a future where reconstruction of the gravitational
weak-lensing potential, velocity fields and the remote quadrupole field will provide the most precise tests of fundamental physics. The use of the
second-order effects in the CMB to extract this information motivate a strong push towards low noise, high resolution frontiers of the upcoming
generation CMB experiments. In this talk, | will discuss the prospects to use small-scale kinetic and polarized Sunyaev Zel'dovich effects and the
moving-lens effect, in cross-correlation with ongoing galaxy surveys, to extract cosmological information.

Zoom Link: https://pitp.zoom.us/j/91455862792?pwd=M 1hFRDgyOXVKU1U4Z0pLcmlwZGdRQT09
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- Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

L Fundamental Properties of the Universe ]

Pirsa: 22050022 Page 7/91



>

Beyond the standard cosmological paradigm !

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

- e s Em s o o o Em o mm s oEm ow

e w o w

Pirsa: 22050022

(
l

Fundamental Properties of the Universe

10° 10

— CPBB (lensed scalar)
E—— CBB (tensor r = 10-2)

|
- C';BB (tensor r = 1[)‘1)
|

Page 8/91



- Beyond the standard cosmological paradigm

0.25

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

Low scale SSB SUSY
R? Inflation

V o ¢

V x ¢?R

Vxd

Vx ¢

N.=50

N.=60

a A\
A
8 \
E P 'C‘% ® )
£ e
guml e
fs
P
82 A
8c y:
E //,/
2 8| /4
g I,
e 0.94 0.96

Primordial tilt (n;)

Pirsa: 22050022

L Fundamental Properties of the Universe ]

Page 9/91



- Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

L Fundamental Properties of the Universe ]

Pirsa: 22050022 Page 10/91



- Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

L Fundamental Properties of the Universe

Pirsa: 22050022 Page 11/91



= Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

L Fundamental Properties of the Universe

Pirsa: 22050022 Page 12/91



- Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

L Fundamental Properties of the Universe

Pirsa: 22050022 Page 13/91



- Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

L Fundamental Properties of the Universe

Pirsa: 22050022 Page 14/91



= Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity . .
Inflationary D.o.F Adiabatic
|lsocurvature
Scale invariance
Parity

Heavy particles

L Fundamental Properties of the Universe J

Pirsa: 22050022

Neutrinos

CDM

Page 15/91



= Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

Neutrinos

1socurvature

L Fundamental Properties of the Universe ]

Pirsa: 22050022 Page 16/91



= Beyond the standard cosmological paradigm > 2+

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
|lsocurvature
Scale invariance
Parity

Heavy particles

Isocurvature

L Fundamental Properties of the Universe }

Pirsa: 22050022 Page 17/91



- Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

L Fundamental Properties of the Universe ]

Pirsa: 22050022 Page 18/91



- Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

L Fundamental Properties of the Universe

Pirsa: 22050022 Page 19/91



>

Beyond the standard cosmological paradigm

Initial conditions:
Inflation
Non-gaussianity
Inflationary D.o.F
Isocurvature
Scale invariance
Parity

Heavy particles

Pirsa: 22050022

(
\

Fundamental Prope

104 F

10'3 -

10

0.1

104
featureless 5 featureless
== Wy, = 2T1.8 Mpc P == u),, =314
3 10 2 101 0= 10-2 101
k [hMpc™'

k [h Mpe™!]

T
lincar
== nonlinear |

0.1

T
lincar
== nonlinear |

Page 20/91




- Beyond the standard cosmological paradigm

Initial conditions: Growth of structure:

e Inflation e Free-streaming species
e Non-gaussianity e Darkenergy

e Inflationary D.o.F e Dark matter

e [socurvature e Gravity

e Scaleinvariance °

e Parity

e Heavy particles

&

L Fundamental Properties of the Universe ]

Pirsa: 22050022 Page 21/91



- Beyond the standard cosmological paradigm Upcoming obse

Initial conditions:  Growth of structure: CMB secondaries:
e Inflation e Free-streaming species e KineticSZ
e Non-gaussianity e Dark energy e Polarized SZ e Dropouts
e Inflationary D.o.F e Dark matter e Moving lens e Quasars
e |socurvature e Gravity e Weaklensing e 21-cm
e Scaleinvariance ° ° °
e Parity
e Heavy particles
o

L Fundamental Properties of the Universe J

Pirsa: 22050022 Page 22/91



[ Observables J

[ Kinetic Sunyaev Zel'dovich effect ] ﬂ || [ Bulk velocity field ]

Pirsa: 22050022 Page 23/91



- Beyond the standard cosmological paradigm Upcoming obse

Initial conditions:  Growth of structure: CMB secondaries:
e Inflation e Free-streaming species e KineticSZ °
e Non-gaussianity e Darkenergy e Polarized SZ e Dropouts
e Inflationary D.o.F e Dark matter e Moving lens e Quasars
e [socurvature e (Gravity e Weak lensing e 21-cm
®

CMB photon

Energetic free
electrons

Pirsa: 22050022 Page 24/91



- Beyond the standard cosmological paradigm Upcoming obsey,

Initial conditions:  Growth of structure: CMB secondaries: L N
e Inflation e Free-streaming species e KineticSZ alaxies -
e Non-gaussianity e Darkenergy e Polarized SZ e Dropouts
e Inflationary D.o.F e Dark matter e Moving lens e Quasars
e |socurvature e Gravity e Weak lensing e 271-cm

@

Erse

- r e o
Wy
e $ 5

.

o
-
‘
r
1
-

Pirsa: 22050022 Page 25/91



>

Beyond the standard cosmological paradigm

Initial conditions:

Growth of structure:

Upcoming obse.
CMB secondaries:

*from cross-correlation with galaxies

Pirsa: 22050022

¢, multipoles

e Inflation e Free-streaming species e KineticSZ °
e Non-gaussianity e Darkenergy e Polarized SZ e Dropouts
e Inflationary D.o.F e Dark matter e Moving lens e Quasars
° Isoclurvature e Gravity e Weak lensing e 271-cm
e Scaleinvariance °
e Parity ;
e Heavy particles 10
® r p| A
Fundatr P 10°, . SR
G S [ }v=150GHz ’
* S T e late-kSZ
kSZ SNR CMB g i il @800 S
LS5 | SOREE s ma el s
DESI |231 414 0| - 50 el
VROY]. ].].6 210 i 10—1‘ “““““““““““““

Page 26/91



Cosmology from kSZ

;'-_E-- # 9 | e ';'

Pirsa: 22050022 Page 27/91



Cosmology from kSZ

Large-scale radial-velocity mode: (ﬁ < 100)
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Cosmology from kSZ
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Cosmology from kSZ
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Cosmology from kSZ
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Cosmology from kSZ
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e Cosmological growth rate:f |

> Observational signature:
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Cosmology from moving lens

ng(ka /J*) — (bg + brsdf/-LQ)QPmm(k) :

PQ’U (ka ﬂ) = b (fc;cH) (bg + brsdf/Jf2)Pmm(k) ;

2
Pyy(k, p) = b” (fC;H) Prm (k) ,
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Cosmology from moving lens

ng(ka ﬂ) — (bg + brsdf/-LQ)QPmm(k) .

Py (k, ) = b (f o ) (b + brsa £ %) P (k)

2
vav(k,p,) — b2 (fa];H) Pmm(k)a

—

moving lens : b ~ (V4,) kSZ : b ~' (0edy)
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{+p(kr) +p(K7))na = f2(2)(100/9) ey, Po(kr) X (27)°6p (ki + K1)
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