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PhysICS | ‘fiziks |

plural noun [treated as singular]

the branch of science concerned with the nature and properties of matter and energy.
The subject matter of physics, distinguished from that of chemistry and biology,
includes mechanics, heat, light and other radiation, sound, electricity, magnetism, and
the structure of atoms.

+ the physical properties and phenomena of something: the physics of plasmas.
ORIGIN

late 15th century (denoting natural science in general, especially the Aristotelian
system): plural of obsolete physic ‘physical (thing’), suggested by Latin physica,
Greek phusika ‘natural things’ from phusis ‘nature’.

astronomy | e'straneme |

noun

the branch of science which deals with celestial objects, space, and the physical
universe as a whole.

In ancient times, observation of the sun, moon, stars, and planets formed the basis
of timekeeping and navigation. Astronomy was greatly furthered by the invention of
the optical telescope, but modern observations are made in all parts of the
spectrum, including X-ray and radio frequencies, using terrestrial and orbiting
instruments and space probes.

ORIGIN

Middle English (also denoting astrology): from Old French astronomie, from Latin
astronomia, from Greek, from astronomos (adjective) ‘star-arranging’.

cosmology | kazmalsjé |
noun (plural cosmologies)

Astroparticle
Physics ?

astrophysics | astrofiziks |

plural noun [treated as singular]

the branch of astronomy concerned with the physical
nature of stars and other celestial bodies, and the
application of the laws and theories of physics to the
interpretation of astronomical observations.
DERIVATIVES

astrophysical | astro'fizek(s)l | adjective

the science of the origin and development of the universe. Modern astronomy
is dominated by the Big Bang theory, which brings together observational

astronomy and particle physics.

- an account or theory of the origin of the universe.

DERIVATIVES
cosmologist | kdz mélsjest | noun

ORIGIN

mid 17th century: from French cosmologie or modern Latin cosmologia, from

Greek kosmos ‘order or world’ + -logia ‘discourse’.

Oxford dictionary of english
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¥ the protors and newutrons in this picture were 10 cm across,
then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km ocross.
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Les Deux Infinis : galaxies, étoiles, planetes, micelles, réseaux,
noyaux, neutrons, photons, Larousse, 1938

< >

Large scales : stars, galaxies...

Small scales : matter structure Sl

at subatomic scales
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From ancient cosmography

to modern Physical

Cosmology
i (General relativity & Standard model
i of particles and interactions)
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We come from star dust (or ashes) ...
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We come trom star dust (or ashes) ...
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Periodic table of elements ( - 100 different atoms )
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CH,OH

Sugar

Carbon ( C), Hydrogen (H), Oxygen (O), Nitrogen (N) ...



th.nasa.gov/

‘Bttp://visibleear

Element

Oxygen

Silicon

Aluminum

Iron
Calcium
Sodium

Potassium

Magnesium

All others

Approximate |
% by weight |

; . . - W~
EagiCalcium™

.'I y i
Percent in
Universe

91

4

Element |Symbol | ZOMIC

’ Number
Hydrogen H 1
Helium He 2
Carbon e 6
Nitrogen N 7
[OXng-ru O 8
; Sodium Na | 11
Magnesiom | Mg | 12
E’_h&.phoms P SRS
oo sulfur S 16
iicmormc C] 17

Potassium K 9

Percent in

Percent in
Earth |Human Body

0.14 9.5

Trace | Trace
0.03 18.5
Trace | 33
478 | 65

L AR O
Xl il?. A0
007 | 45
Yafs [ SN0
001 0.2

1 2 0.4

1.5

Trace



http://www.cite-sciences.fr/francais/ala_cite/expo/tempo/aluminium/science/mendeleiev/

'sohowww . nascom. nasasgov/
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Element

Hydrogen
Helium
Oxvygen
Carbon
Nitrogen

Silicon

Magnesium

Neon
Iron
Sulfur

Abundance
(percentage
of total
number of

altoIns )
91.2 71 000
8.7 27
0.078 0.97
0.043 040
0.0088 0096
0.0045 0099
00038 | 0076
0.0035 0.058
0.14
0.040

Abundance
(percentage
of total
mass)

Ihe Sun [Composition of Earth's crust

-------------------------------------------------------------------------------------



http://www.cite-sciences.fr/francais/ala_cite/expo/tempo/aluminium/science/mendeleiev/
http://www.cite-sciences.fr/francais/ala_cite/expo/tempo/aluminium/science/mendeleiev/

Photograph: Y. Beletsky

The Planet, the Galaxy and the Laser

ESO Press Photo 33a/07 (2 August 2007)



The sun is our star, at about 8 light-minutes
[t produces about 10726 watt ( million x billion nuclear reactors)

[ts energy source is from nuclear fusion, combining 4 hydrogen

atoms to make a He atom. Energy is released in this process

There are a variety of stars, with masses ranging from a fraction

of solar mass to about 100 solar masses

More massive stars produce heavier elements through their lives,

more or less up to Iron

The heaviest elements are produced in cosmic fireballs, such as

supernovae
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http://www.eso.org/outreach/

Major questions in physies and
cosmology
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Cosmology: main questions and tools

* Energy and matter content of the universe (Dark matter, dark energy)
* Structure formation and evolution

* Primordial cosmology: inflation ...

+ Primordial nucleosynthesis
* Formation and evolution of galaxies and stars

* Cosmic microwave background: temperature and polarisation C(1)
spectrum

* Statistical properties of large scale structures

+ Geometrical probes: dA(z), di(z) ... : SNIa, Clusters, BAO ...



ACDM model with 6 paramelter

3 parameters to set (though General Relativity) the dynamics of the Universe,
1 parameter to capture the effect of reionisation (end of the dark ages),
2 parameters to describe the characteristics of primordial fluctuations.
Flat spatial geometry assumed.

£0,h?> Baryon density today - The amount of ordinary matter
£0.h? Cold dark matter density today - only weakly interacting
(S Sound horizon size when optical depth t reaches unity

(Distance traveled by a sound wave since inflation, when universe
became transparent at recombination at t ~380 000 years)

fraction of the CMB photons re-scattered during that process

A,  Amplitude of the curvature power spectrum
(Overall contrast of primordial fluctuations)

n,  Scalar power spectrum power law index
(n,-1 measures departure from scale invariance)

Others are derived parameters within the model, in particular
- {2 "Dark Energy” fraction of the critical density (derived only if assumed flat)
- H, the expansion rate today (in km/s per Mpc of separation)
- t, the age of the universe (in Gy)

Planck 2015 , arXiv:
Planck 2018, arXiv:1807.06209

Dark Matter (25%)

Dark Energy / A\ (70%)

Optical depth at reionisation (due to Thomson scattering of photons on e-),

ZleOO 400 000 ans

apres le Big-Bang

Decoupling

Inflation

(pendant le Big-Bang)

3 minutes

aprés le Big-Bang

2 milliards d’années

apres le Big-Bang

! Inflaton

Dans 10 milliards
uture (z<0)

Today (z=0) asous

d’années
Time 4
Rayonnement . Neutrinos

S AVANT
PLANCK

Matiére ordinaire

AVEC
PLANCK

. Matiére sombre . Energie so



Dark Matter : invisible matter

revealed by its gravitational effects
Mg TNy
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Le Verrier computed
Neptune’s characteristics
from the Uranus movement
anomalies

http://solarsystem.nasa.gov/
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http://phys.org/news/2011-05-nature-magnifying-glass-views-eary.html

Dark Energy (or A)

**Cosmological observations imply a flat universe

“*Matter (including dark matter) is about a quarter of the critical
density. Most of the energy density in the universe seems to be

made of a mysterious component behaving like A
A : Repulsive gravity !

*Vaccum energy (quantum fluctuations) ™ Dark Energy ?

*Determination of state equation of this cosmic fluid:

p=w(z)o

$w(z)=-1 for the cosmological constant ( A )



Quoting from 2010

decadal survey

Keck Center of the Nattonal Acaderﬁles, £
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DISCOVERY

New technologies, observing strategies, theories, and computations open vistas on the
universe and provide opportunities for transformational comprehension, i.e. discovery.

Science frontier discovery areas are:
e [|dentification and characterization of nearby habitable exoplanets
e Gravitational wave astronomy
e Time-domain astronomy
e Astrometry
The epoch of reionization

ORIGINS

Study of the origin and evolution of astronomical objects including planets, stars,
galaxies, and the universe itself can elucidate our origins.

Science frontier questions in this category are:
How did the universe begin?

What were the first objects to light up the universe and when did they do it?
How do cosmic structures form and evolve?

What are the connections between dark and luminous matter?

What is the fossil record of galaxy assembly and evolution from the first stars
to the present?

How do stars and black holes form?

How do circumstellar disks evolve and form planetary systems?

New Worls, New Horizons
Astro 2010 decadal survey




UNDERSTANDING THE COSMIC ORDER

When known physical laws interact, often in complex ways, outcomes of great
astrophysical interest and impact result and their study improves our understanding of
the cosmic order.

Science frontier questions in this category are:
e How do baryons cycle in and out of galaxies and what do they do while they

are there?

What are the flows of matter and energy in the circumgalactic medium?

What controls the mass-energy-chemical cycles within galaxies?

How do black holes work and influence their surroundings?

How do rotation and magnetic fields affect stars?

How do massive stars end their lives?

What are the progenitors of Type la supernovas and how do they explode?

How diverse are planetary systems and can we identify the telltale signs of life
on an exoplanet?

FRONTIERS OF KNOWLEDGE

New fundamental physics, chemistry, and biology can be revealed by astronomical
measurements, experiments, or theory and hence push the frontiers of human
knowledge.

Science frontier questions in this category are:
Why is the universe accelerating?
What is dark matter?
What are the properties of the neutrinos?
What controls the masses, spins and radii of compact stellar remnants?

New Worls, New Horizons
Astro 2010 decadal survey




Image from http://wikipedia.org
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Astroparticules CMB

de Haute Energie .
rcor LiteBIRD and 2 platforms:
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| Dark Matter

Astrophysique & CALVA/Exsqueez

Cosmochimie

Simons Observatory
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e-ASTROGAM
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solid state IceCube IceCube-Gen2 Ssubphysly it
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Simons Observatory

LIGO/Virgo

Gravitational Adeg:iggid'(\a/g 0 | Einstein Telescope =

Waves
Lisa Pathfinder Einstein Telescope

adapted from Astronomische Nachrichten, Volume: 338, Issue: 9-10, Pages: 978-983, First published: 28 November 2017, DOI: (10.1002/asna.20171341




GW : Virgo & LIGO
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HECR and gamma rays : AUGER & CTA

Loma Amarilla
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'.b)CLab Astrophysics et Cosmoch

Iréne Joliot-Curie
Laboratoire de Physique
des 2 Infinis

Gamma-ray astronomy & micro-meteorites
— White Paper on gamma-ray astronomy at MeV energies following the
e-ASTROGAM mission proposal to ESA

Europe's first Compton-type gamma camera
—H2020 AHEAD2020/COMCUBE CubeSat project for multimessenger
astronomy & gamma-ray burst polarimetry

— Outstanding 2019 Micrometeorite collection. Currently being investigated.
— Hayabusa 2 first samples arrived at IJCLab on the 24th of june

— Precise measurement of the micrometeorite flux on Earth (national CNRS
press release)

— Participation to review article "Cometary Dust" ( Levasseur-Regourd et al.)
and white paper "AMBITION" (Bockelée-Morvan et al. for a cryogenic cometary
sample return)

— High-energy irradiation experiment at GANIL to reproduce the isotopic
heterogeneity observed in cometary micrometeorites

D/H irradiation residue

— On-going integration of the ComptonCAM gamma camera for nuclear industry.

ek Université
universite | pes sciENCEs ;
PARIS-SACLAY | D'ORSAY de Paris

Research topics Astrophysique &

Cosmochimie

e Nucleosynthesis e-ASTROGAM

e Origin of cosmic rays
e Formation of the solar system

Future:

- The micrometeorites group is leaving by
end 2024 (planned before [JCLab)

- Compton Telescope Cubesat Prototype
(COMCUBE, H2020 project) for gamma
ray burst polarimetry




ASSD : Astroparticle

. Dark Matter detectors
Solid State Detectors

Xenon 1T detector



icrowave sky and the CMB as seen by Planck

M
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Iréne Joliot-Curie
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ASTROPARTICULES, ASTROPHYSIQUE ET
COSMOLOGIE

Le Japon soutient I'animation
scientifique sur LiteBIRD et le
Simons Observatory

Le projet « Exploration of the origin and evolution of
matter and space time: a research consortium for
cosmic micr ve background » coordonné pour le
CNRS par IJCLab (S. Henrot-Versillé, équipe CMB du
Pole

en savoir plus

ASTROPARTICULES, ASTROPHYSIQUE ET
COSMOLOGIE

De nouvelles populations de trous
noirs révélées par les ondes
gravitationnelles

C'est la plus grosse prise a ce jour au tableau de
chasse des détecteurs d'ondes gravitationnelles Ligo
et Virgo : un trou noir ayant la masse de 142 soleils,

issudela

en savoir plus »

28 septembre 2020

30 octobre 2020

Alaune

Observatoire Pierre Auger: le
scénario mono-élément pour
les rayons cosmiques d'ultra
haute énergie de plus en plus
intenable

e Al o
ASTROPARTICULES, ASTROPHYSIQUE ET
COSMOLOGIE

De nouvelles limites sur les
premiers instants de |'Univers

Une nouvelle analyse des données du satellite Planck
donne des contraintes sur I'état de 'Univers dans les
tous premiers instants apres sa création. lin'y a
aucune indication dans les observations du

23 octobre 2020

>
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B ASTROPARTICULES, ASTROPHYSIQUE ET
COSMOLOGIE

IJCLab participe a la construction
de la plus grande caméra
numérique du monde

Pour la premiére fois, des images d'une résolution de
3,2 milliards de pixels viennent d'étre prises grace a
un plan focal géant équipé de 189 capteurs

A

photographiques CCD, maintenant assemblés a SLAC

en savoir plus »

14 octobre 2020

i

ASTROPARTICULES, ASTROPHYSIQUE ET
COSMOLOGIE

CUPID-Mo progresse dans la quéte
de la double désintégration béta
sans émission de neutrinos

Aprés un an de séjour dans le laboratoire souterrain
de Modane, le démonstrateur CUPID-Mo, équipé de
ses tous nouveaux bolométres scintillants en
Li2Mo04 a obtenu des résultats trés prometteurs
Avec une masse

en savoir plus »

ASTROPARTICULES, ASTROPHYSIQUE ET
COSMOLOGIE

de nouveaux résultats

Lexpérience internationale CUPID Mo menée au
Laboratoire Souterrain de Modane par des
laboratoires frangais notamment, du CNRS-IN2P3
dont IJCLab, et du CEA/IRFU, teste 'usage de

ne pour rechercher des

cristaux a base de Molybd

doubles désintégrations beta sans émission de

neutrinos. Lanalyse des données confirme les

résultats trés prometteurs de cette expérience qui

és a la conférence

seront prochainement col
Neutrino 2020

en savoir plus »

CUPID-Mo a Modane : la promesse

24 juin 2020

ASTROPARTICULES, ASTROPHYSIQUE ET
COSMOLOGIE

Les « lunettes » de GRANDMA
voient 90% des signaux candidats
aux ondes gravitationnelles

GRANDMA, le réseau international de télescopes
auquel contribue 1JCLab vient enrichir I'approche
multimessager d'une observation du ciel.

en savoir plus »

22 septembre 2020

20 juillet 2020
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COMMUNICATION

A la poursuite de la matiére noire :
I'expérience XENON1T montre des
résultats surprenants

ernational

on ir

st impliqué, vient de

ACT léve le voile sur I'age de
I'Univers

Le télescope ACT (Atacama Cosmology Telescope)
perché a plus de 5000 m d'altitude dans le désert

d'Atacama au , a produit une nouvelle image de

la plus vieille lumiére de I'Univers. Les données

collectées suggeérent que I'Univers a 13,8 milliards

compréhension du modeéle standard de la
cosmologie

en savoir plus

FACULTE

Université
de Paris

ASTROPARTICULES, ASTROPHYSIQUE ET
COSMOLOGIE

\

IJCLab a la poursuite des blazars
extrémes, de prodigieux objets
extragalactiques accélérateurs de
particules

d'années, relangant le débat sur I'age de I'Univers et la

16 juillet 2020
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THE STANDARD MODEL OF

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model is a quantum theory that summarizes our current knowledge of the physics of fu ental interactions (interactions are manifested by forces and by decay rates of unstable particles).

matter constituents
FERMIONS spin = 1/2, 3/2, 5/2, ...

| Leptons spin =1/2 | Quarks spin=1/2
. Approx. .
Flavor Ma352 Electric Flavor Mass Electric
GeV/c charge GeV/c2 charge

i -9
lghtest»  (0-2)x10

electron 0.000511

up 0.002 2/3
down 0.005  -1/3

middle . (0.009-2)x10"

muon 0.106

charm 1.3 2/3

strange 0.1 -1/3

heaviest, (0.05-2)x10~° t top 173 2/3

T tau 1.777 b bottom 42

*See the neutrino paragraph below.
Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the quantum
unit of angular momentum where h = h/2r = 6.58x1072% GeV s =1.05x103* J s.

Electric charges are given in units of the proton’s charge. In S| units the electric charge of the proton
is 1.60x10~"% coulombs.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one electron in
crossing a potential difference of one volt. Masses are given in GeV/c? (remember E = mcz)

where 1 GeV = 10° eV =1.60x1071? joule. The mass of the proton is 0.938
GeV/c? = 1.67x10727 kg.

Neutrinos

Structure within

Neutron
Size ~ 107"°m
Size <107'°m

Nucleus
Size ~10~'*m

Proton
Size ~ 107'°m

If the proton and neutrons in this picture were
10 cm across, then the quarks and electrons
would be less than 0.1 mm in size and the
entire atom would be about 10 km across.

Neutrinos are produced in the sun, supernovae, reactors, accelerator
collisions, and many other processes. Any produced neutrino can be
described as one of three neutrino flavor states vg, v|,, Or v, labelled by the Property
type of charged lepton associated with its production. Each is a defined
quantum mixture of the three definite-mass neutrinos v vy, and vy for Acts on:

Gravitational Weal.(
Interaction Interaction (g ctroy

which currently allowed mass ranges are shown in the table. Further

exploration of the properties of neutrinos may yield powerful clues to puzzles Particles experiencing:

about matter and antimatter and the evolution of stars and galaxy structures. i L
., Particles mediating:
Matter and Antimatter

For every particle type there is a corresponding antiparticle type, denoted by 10-®m
a bar over the particle symbol (unless + or — charge is shown). Particle and Strength at
antiparticle have identical mass and spin but opposite charges. Some 3x10-7" m

Mass — Energy Flavor
All Quarks, Leptons
Graviton I — =0
(not yet observed) W* w- Z
10-41 0.8
10-41 10-4

electrically neutral bosons (e.g., Z°, Y, and N =cC but not KO = dS) are their
own antiparticles.

Particle Processes

These diagrams are an artist's conception. Orange shaded areas represent the cloud of gluons.

force carriers
BOSONS spin=0,1, 2, ...

‘Unified Electroweak spin =1 | ‘ Strong (color)  spin =1
Mass Electric Mass Electric
Name GeV/c? | charge e GeV/c2 | charge

wW- 80.39 -1 Higgs Boson spin = 0
wr s | e S
20 91.188 0 H - 0
Z boson Higgs
Higgs Boson

The Higgs boson is a critical component of the Standard Model. Its discovery helps confirm the
mechanism by which fundamental particles get mass.

Color Charge

Only quarks and gluons carry "strong charge" (also called "color charge") and can have strong
interactions. Each quark carries three types of color charge. These charges have nothing to do
with the colors of visible light. Just as electrically-charged particles interact by exchanging photons,
in strong interactions, color-charged particles interact by exchanging gluons.

Quarks Confined in Mesons and Baryons

Quarks and gluons cannot be isolated — they are confined in color-neutral
particles called hadrons. This confinement (binding) results from multiple
exchanges of gluons among the color-charged constituents. As
color-charged particles (quarks and gluons) move apart, the energy in the

Strong color-force field between them increases. This energy eventually is
Interaction converted into additional quark-antiquark pairs. The quarks and antiquarks

then combine into hadrons; these are the particles seen to emerge.

Color Charge

Two types of hadrons have been observed in nature mesons qq and

Quarks, Gluons baryons qqq. Among the many types of baryons observed are the proton

(uud), antiproton (GTd), and neutron (udd). Quark charges add in such a
way as to make the proton have charge 1 and the neutron charge 0. Among

gz the many types of mesons are the pion nt (ud), kaon K- (sti), and B (db).

25
- Learn more ot Particle Adventure.org

Unsolved Mysteries

Driven by new puzzles in our understanding of the physical world, particle physicists are following paths to new wonders and startling
discoveries. Experiments may even find extra dimensions of space, microscopic black holes, and/or evidence of string theory.

h—>pe V ete” > BB

A free neutron (udd) decays to a proton An electron and positron

(uud), an electron, and an antineutrino (antielectron) colliding at high

via a virtual (mediating) W boson. This energy can annihilate to produce
is neutron B (beta) decay. B and B® mesons via a virtual Z

boson or a virtual photon.

Why is the Universe Accelerating? Why No Antimatter?

» 3
£ \'»
2
]
. ‘ ¢ = < 1)

The expansion of the universe appears to be Matter and antimatter were created in the Big
accelerating. Is this due to Einstein's Cosmo- Bang. Why do we now see only matter except
logical Constant? If not, will experiments for the tiny amounts of antimatter that we make
reveal a new force of nature or even extra in the lab and observe in cosmic rays?

(hidden) dimensions of space?

What is Dark Matter? Are there Extra Dimensions?
Y
Nlle o
e . i
o o -
s K

Invisible forms of matter make up much of the An indication for extra dimensions may be the
mass observed in galaxies and clusters of extreme weakness of gravity compared with the
galaxies. Does this dark matter consist of new other three fundamental forces (gravity is so
types of particles that interact very weakly weak that a small magnet can pick up a paper
with ordinary matter? clip overwhelming Earth’s gravity).

©2014 Contemporary Physics Education Project. CPEP is a non-profit organization of teachers, physicists, and educators. Learn more about CPEP products and websites at CPEPphysics.org. Made possible by the generous support of:
U.S. Department of Energy, U.S. National Science Foundation, & Lawrence Berkeley National Laboratory.
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Cosmology

cosmology [knz'mbladszi

noun ( pl. cosmologies ) [ mass noun |

the science of the origin and development of the universe. Modern
cosmology i1s dominated by the Big Bang theory, which brings together
observational astronomy and particle physics.

* [ count noun | an account or theory of the origin of the universe.
DERIVATIVES

cosmological |-ma'lnd31k(s)l|adjective,

cosmologist noun

ORIGIN mid 17th cent.: from French cosmologie or modern Latin
cosmologia, from Greek kosmos ‘order or world’ + -logia
‘discourse’.

Oxford dictionary of english

CasMOLOGRY MAncues ON  (Cosmology seen by S. Harris)




Gravitational reconstruction of the gravitational potential for CLLO024+17

-//www.Isst.ord/lsst/science



http://www.lsst.org/lsst/science

Galaxy cluster CLLO024+17 (z ~ 0.39 , ~ 5. 1079 AL) seen by HST



Observing the unverse ...

* Through the electromagnetic spectrum, but also energetic particles
(cosmic rays) and GW (gravitational waves) in the future

* Neutrinos are also another cosmic probe
* SKA (future very large radio telescope ; ground based ; 2020-2030)
* Planck (ESA CMB mission, 2009-2013 - space mission)

* BEUCLID (future ESA optical /IR dark energy mission - 2024)
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Exploring the Universe

with the world’s largest radio telescope

o) > Slide by R. Braun
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http://www.esa.int/Our_Activities/Space_Science/Planck/

— —hitp:/www.esa.int/Our_Activities/
k_‘:‘\\@ = o T .
=~~~-Space Science/Planck/

Multipole moment, ¥
500 1000 1500 2000 25

Dark Matter

Dark Energy

2000

Planck CMB map, and TT power spectrum, o
Planck collaboration arXiv 1303.5075 §,

ature fluctuations [ 1 K2]

00°  18° 1° 0.2° 0.1° 0.0
Angular scale


http://www.esa.int/Our_Activities/Space_Science/Planck/
http://www.esa.int/Our_Activities/Space_Science/Planck/

