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challenges in cosmology

What is Dark Matter?

What is the Nature of Dark Energy?

Did cosmic inflation occur, and how?

Is the current cosmological model
(A\CDM) compatible with observations?
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Cosmic Microwave Background (CMB)
The farthest object we can “see”

. Photons (electromagnetlc Waves) have travelled across the whole

* This is the earliest image of the Universe we can observe

or can we observe earlier?
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Planck

Parameter Best fit 68% limits

Planck

Qe e 0.022068 0.02207 + 0.00033
Q... 0.12029  0.1196 + 0.0031

Parameter Best fit 68% limits n 1008yc ... 1.04122  1.04132 +0.00068
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Idrag/ DA(0.57) ......  0.07130  0.0716 £ 0.0011




the PRESENT



ESA Euclid

Dark Energy Launch: July 15t, 2023
Accelerated Expansion .
Afterglow Light Orbit: L2
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

Inflation

Quan ‘ 40y S I |
Fluctuations W' | -

1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years

X




ESA Euclid

Accelerateg ?Er)i(( i:‘;:cg)x Launch: ] Uly 1St’ 2023
P Orbit: L2

Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

————

SawOmu e Ty v \

Map the “late” Universe

Study the Dark Matter distribution by

Inflation
, weak lensing

Weak lensing

Strong lensing

el

Fluctuations

background galaxies
and us

. @ Matter in between the

4

A D &

1s
ab Y
4 -----Distorted galaxy
B images (exaggerated)
Gravitationally distorted
-

image of galaxy



ESA Euclid

Accelerateg aEr):( g:z:gx Launch: ] Uly 1St’ 2023
P Orbit: L2

Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

Map the “late” Universe

S ———————
A e \
Inflation_ 4 ,""' jﬁ{@ﬁ‘ '5 ? & < Study the cosmological model by
w3k ;ﬁ'ﬂ mm’ measuring the matter distribution
Fluctuat 4 T 2 e 4 A
’ "‘ R Artist's impression of the pattern of

baryonic acoustic oscillations imprinted
on the farge-scale distribution of
galaxies {exaggerated)

Source: ESA and the Planck Collaboration / Gabriela Secara / Perimeter Institute
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Orbit: L2

Map the “late” Universe

Determine the nature of Dark Energy
mapping the distribution of matter



NASA JWST

Dark Energy Launch: Dec 25%, 2021
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NASA JWST

Dark Energy Launch: Dec 25%, 2021
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NASA JWST
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the FUTURE



Big Bang plus
10743 seconds

Big Bang plus
1073% seconds?

Big Bang plus
380000 years

quantum-gravity era

Inflation — at the Birth of the Universe
Exponential expansion of space

Sets initial conditions for the universe
Generates the seeds of all cosmic structure
Generates gravitational waves

inflation

cosmic microwave background

light

gravitational waves

Big Bang plus
14 billion years



Inflation — at the Birth of the Universe
Exponential expansion of space
Sets initial conditions for the universe
Generates the seeds of all cosmic structure
Generates gravitational waves

= Polarization of the CMB (B-mode)

quantum-gravity era

Big Bang plus inflation

10743 seconds

Big Bang plus cosmic microwave background

10735 seconds?

light

Big Bang plus
380000 years

gravitational waves

Big Bang plus
14 billion years



Big Bang plus ol it/

10743 seconds

Big Bang plus
10735 seconds?

quantum-gravity era

inflation

Inflation — at the Birth of the Universe

Exponential expansion of space
Sets initial conditions for the universe
Generates the seeds of all cosmic structure
Generates gravitational waves

= Polarization of the CMB (B-mode)

A new window on the Early Universe
« Time = 1035 sec, Energy = 1016 GeV
« 10'2 higher energy scale than CERN LHC

Big Bang plus
380000 years

gravitational waves

AT 7 cosmic microwave background
» e q

Big Bang plus ‘
14 billion years :

tensor modes

scalar modes

now




JAXA - LiteBIRD mission

JAXA’s L-class mission was selected in May 2019 to be launched by JAXA’s H3 rocket on 2036

Scientific goals: create all-sky, multi-band ultra-sensitive , test
through the measurements of , and provide
new insights into cosmology, particle physics and astrophysics

, from Sun-Earth Lagrangian point L2

Large frequency coverage ( ) at angular resolution for precision
measurements of the CMB B-modes

Final combined sensitivity:
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= Meeting the sensitivity requirements would allow to address other important
scientific topics, such as:

l.

o x® =2

Characterize the B-mode power spectrum and search for source fields
(e.g. scale-invariance, non-Gaussianity, parity violation, ...)

Power spectrum features in polarization
(improve o(7) by a factor of 3)
(6(> my) = 12 meV) including external data
Constraints on
(and matter distribution in the Universe)
(thermal, diffuse, relativistic corrections)
Constraints on primordial magnetic fields
Elucidating
Physics of mechanisms
Catalogues of polarized
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Why space?

* Except COBE 1992 (polar orbit) all observatories described here are placed
in Lagrangian 2 point of Sun-Earth system
* To maximize stability
 To minimize contamination from Sun, Earth, Moon

L3



Why space?

* Except COBE 1992 (polar orbit) all observatories described here are placed
in Lagrangian 2 point of Sun-Earth system
* To maximize stability
 To minimize contamination from Sun, Earth, Moon

* Observing the Full Sky is essential to understand the cosmology from the
CMB. Particularly for B-modes generated by Inflationary GWs (not possible
from Earth)

* Observing in a wide Electromagnetic frequency range is essential to
separate different sources in the sky (not possible from Earth)



Back to the challenges

What is Dark Matter? Matter distribution in Large Scale
Structures / galaxies / galaxy clusters

What is the Nature of Dark Energy? Expansion rate of the Universe /
cosmological parameters

Did cosmic inflation occur, and how? Polarization of the CMB with LiteBIRD

Is the current cosmological model Self consistent picture of all the
(ACDM) compatible with observations?  observables
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