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Berkeley 1983

NV: quotes | have to give a curse | am very angry



PRIMORDIAL SOUND WAVES IN THE PHOTON-BARYON PLASMA
BECOME DENSITY FLUCTUATIONS IN MATTER-DOMINATED ERA
AND ARE BOOSTED BY COLD DARK MATTER

Fluctuations in the Primordial Fireball

density

fluctuation

time

Vittorio and Silk 1984

COSMIC BACKGROUND RADIATION ANISOTROPIES IN UNIVERSES
DOMINATED BY NONBARYONIC DARK MATTER

J. R, Bosp'* axo G. Erstaniou !

Revovved 1984 Jume & o oopved 1884 Jaly |7
CAN A RELIC COSMOLOGICAL CONSTANT RECONCILE INFLATIONARY
FREDICTIONS WITH THE OBSERVATIONS?

Ncora Virrorio'-+!

Bond and Efstathiou 1984




The very distant universe

Planck satellite: cosmic microwave background fluctuations at 1 part in 10°



Where next in cosmology?

1. Dark matter

2. Dark energy
3. Inflation
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INFLATION

Measured

flatness of space o
size of observed universe @
density fluctuations an

Predicted

dark matter? No detection

dark energy? No understanding

galaxy formation Bottom-up u<9x10° O
gravity wave background: 1/5<0.08 O
primordial non-gaussianity: f,, §T/T<0.01% O



CMB spectral distortions

probe baryon damping power on dwarf galaxy scales via trillions of modes



ToBor nottoB?

WMAP: 10 detectors (2003)

PLANCK: 74 detectors (2013)

B Goal:
1000 times better or nanoK!

LiteBIRD 100GJ detectors, JAYA launch in 20277
Simons Observatory 35000 detectors, 2020

CMB Stage 4: 500,000 detectors, 2025 Atacama
South Pole

predicted level 103 to 1040 (™~ Tpopeat)

there is no guarantee of a sighall.cir



Primordial nongaussianity is predicted generically by inflation
but its small: 8T/T (1+ f,, 8T/T)

Predict: fNLN ns-l ~ 0.03 n, is the measured fluctuation spectral index
Maldacena 2003 Cabass + 2017: > 0.1 (ng-1)

CMB has ~¢? /2 independent pixels

~ 10° 0.1% orecision CMB 2018 £ <10
® N p nl

Need to do 1000 times better!
Use galaxies: LSST ~ 10%° photometric redshifts Use 1%t clouds in dark ages

¢ NN 1080.01% galaxy surveys 2025 f <1

* N~ 1012 4.0001% 21cm @ 30 MHz 2040
absorption against CMB + tomography atz~ 50 f <102

Precision increases as N-1/2



ultimate future: the dark ages
trillions of modes!

...but it’'ll be very difficult to remove the foregrounds...



far side of MOON for low frequency radio astronomy
most radio-quiet environment
in inner solar system

JPL concept

21cm: probe z=50 @ 30 MHz or A~ 10 m
100 x CMB resolution ¢~ 10° or k~ 10Mpc’!

Optimal array ¢ A/2t or D~100 km

- . D2
need millions of dipoles: &£ _ > 10°
42

~10mK signal in bright sky foreground T;~1000K SKA-Low, 10°antennae in 2025



Its beginning

NYT, Nov 20, 2018

Current US presence
Queqiao

Netherlands China Low-frequency Explorer

Heino Falcke



The future of cosmology

Dark energy? No prediction forw # -1
Dark matter? No detection yet!
Probing inflation via CMB? No lower bound

N ~ 10°
mOdES: 0.1% CMB precision cosmology, N /-2

We must pursue B, we may get lucky! f ~10

N~ 108
0.01% precision with galaxies

We must pursue dark energy, we may get lucky! f_~1

in the dark ages via 21cm HI at z~50 or 30MHz
N~ 1012 g

0.0001% precision using 1t clouds f_~0.01

We are guaranteed f, if inflation occurred

Back to the moon!



buon compleanno,
Nicola!



