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L a matiere

LLa matiere est formée d’atomes

- [’atome est la plus petite partie d'un corps
simple pouvant se combiner chimiquement avec
un autre

Un atome est formé d’un noyau et d’un

nuage d’electrons.
- Les électrons sont des particules élémentaires

- Le noyau est formée de protons et de neutrons qui
sont des particules composites (formés d’un
assemblage de particules élémentaires)




Standard Model of Elementary Particles

three generations of matter
(fermions)
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Standard Model of Elementary Particles

three generations of matter
(fermions)
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Qu’est-ce qu’un neutrino'?

De l'italien « le petit neutre »

C’est une particule
Electriquement ne
De masse « presquse
- Moins de 10° de lam
Voyage presqu’a la
A tres peu d’interac
- Interaction faible
- Force de gravité négl

Le neutrino est si petit qu'il traverse presque tous les atomes qu'il croise

sans les toucher



Ils sont partout !

Un neutrino ayant une énergie de 1 MeV
pourrait traverser environ 35 AL d’eau
avant d’interagir avec une molécule.

cl’

En une seconde, cing millions de
neutrinos solaires de haute énergie
passent dans chaque centimetre carre de
votre corps !



Source des neutrinos

Photons take a long and tortuous path

Extra-Galactic 200,000 years
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Neutrinos zip though quickly

http://inspirehep.net/record/1364497/plots



Decouverte

Discovery of the Neutrino
» Reines and Cowan (1955)
— Nobel Prize 1995
— 1 ton detector

— Neutrinos from a nuclear
reactor

e Wolfgang Pauli compared the momentum
and energy before and after a beta decay:

. Proton
Neutron

‘ Decays Into

Woligang Pauli, back in 1933, compared the

p—>en

Something Else

Electron

momentum before and after a neutron Reines and Cowan at
. Savannah River *
decayed lnto a pIOton a-nd eleCtron S but he 20 January 2010 K. McFarland, Neutrinos atAccelerators

came up a little short.
He concluded that there must be some tiny, Negative beta decay in the nuclear reactor,
undetectable particle carrying away some  Which is only one type of radioactive decay,
of the final momentum from the system. produces an electron antineutrino, the

That particle was called the neutrino. electron antineutrinos interacted with
protons in two tanks of water, creating

neutrons and positrons:

https://andthejoyofdiscovery.wordpress.com/tag/neutrino/

https://andromedageek.wordpress.com/2015/02/11/neutrinos-part-1-hypothesis-and-discovery/



Importance de la decouverte

The Nobel Prize in Pt " :
o= TS Y The Nobel Prize in Physics

1988

Leon M. Ledermr
Prize share: 1/3

The Nobel Prize
Lederman, Mel
beam method :
the leptons thri

Photos: Copyright ©

The N(\]'\p] Py
1995 The Nc

2002

Martin L. Perl

Priza share: 112 Photo: A. Mahmoud Photo: A. Mahmoud

Raymond Davis i Takaaki Kajita Arthur B. McDonald
Prize share: 1/4 Prize share: 1/2 Prize share: 1/2

The Nobel Prize i n—_ L . .. .
The Nobel Prize if The Nobel Prize in Physics 2015 was awarded jointly to Takaaki

experimental coi Raymond Davis | - " }
to Martin L. Peil y . Kajita and Arthur B. McDonald "for the discovery of neutrino
p contributions to B . . !
half to Frederick . . oscillations, which shows that neutrinos have mass
cosmic neutrino:
Photos: Copyright © Tt Ploneering contributions to astrophysics, which have led to the

discovery of cosmic X-ray sources".

Photos: Copyright © The Nobel Foundation
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https://www.youtube.com/watch?v=qpTy1nnWAYg

DETECT.ING FICKLE NEUTRINOS

- HOW NEUTRINOS OSCILLATE

(1eft] 10

eft) y of a type 1 and a type 2 neutrino
their quantum waves in phase. Because the type 1 and type 2 waves have different

after traveling a distance they go out of phase, making a muon- or a tau-neutrino
 further travel back to being an electron-neutrino (right).

ELECTRON.
NEUTRINO

MUON- DR TAU-NEUTRINO

o 2.0 ol Lbc

MUON. DR DAYTINE.
TAU-NEUTRINOS  RESULTS

OSCILLATION INEARTH

WHERE NEUTRINOS OSCILLATE
at thy of

Yy gare il

afterthey ge on their eig| | tothe earth. io  depends on detalls
such as the mass differences and the intrinsic degree of mixing of type 1 and 2 neutrinos, Extra oscillation_
may al 9 = h daytl n

. o ’ ’
’,.r»’

f* nh
ACTUAL DATA OF A CANDIDATE NEUTRINO EVENT HOW SNO DETECTS NEUTRINOS

" The Sudbury Neutrino Observatory, or SND (opposite
page), 23 2
of Cerenkov light emitted by a high-speed electron. The

pi the energetic el inSNO's heavy
water (large blue sphere) in one of three ways. In deuteron
breakup (a), the neutrino (biue) splits a deuterium
nucleus into its component proton [ purple) and neutron
(green). y another
deuteron, releasing a gamma ray (wavy line), which in
turn knocks free an electron (pink) whose Cerenkov light
(yellow] is detected. In neutrino absorption (b), a neutron
absorbs the neutrino and is thereby turned into a proton
and getic el Onlyel be
absorbed in this way. Less often the neutrino may collide
directly with (€). Cosmic-ray (red) are

froi y Cerenkov

light they produce and where they produce it—outside the
detector as well as inside. The number of muons is reduced

kilometers underground.

J
_J




Les principaux détecteurs
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Le SNO

Sudbury neutrino observatory (1999-2006)
Uses heavy water (1000 t)
Cerenkov-detector with 9600 PMTs

| K/$ SNO proved in 2001 that neutrinos come
~ . in three flavours
They can transmute into each other
while propagating through space
Non-zero mass

e A ncutrino collides with a molecule
inside the reactor to produce two
protons, an clectron and light.

® The light gets detected by 10 000
detectors arranged in a sphere.

® In one day, there are only about 30
collisions in the sphere.




IceCube Lab

IceTop
__— 80 Stations, each with
- 2 IceTop Cherenkov detector tanks
2 optical sensors per tank

= IceCube
22011: Project completion, 86 strings

IceCube Ar:';:!
/86 strings including 6 DeepCore strings
60 optical sensors on each string

5160 optical sensors

AMANDA
DeepCore

strings-spacing optimized for lower energies
360 optical sensors

IceCube South Pole Neutrino

Observatory
- Location: Amundsen-Scott South Pole Station, G, Cepled 28%e
Antarctica ) A
- Why there? €, ":"’Q"!i" &
- Interacting material (ice) already in place € Nt ‘ % 4
* Ice easy to drill into (unlike rock) — with N PINL Y N
specialized hot water drills ae VL | AL
- Detectors lowered into the holes NN/ YL ‘ @ €
: : : @ " C
- Better shielding from noise sources than e INNL e ¢ 4
anywhere else vl Y L' @
& €
€
r

+ Completed in 2010



The IceCube Detector

PP R | ) P 3y

v'Completion: I ‘ b
lceTop January 2011 C e u e
Air shower detector ‘/2008. 40
threshold ~ 300 TeV = =
Strings (This
| Analysis)
1450m | : | | { ‘/2009: 59
' Strinas

Inlce ‘ bty
80-86 STrings,\‘ ML 111 1A Deep Core

60 Optical AR ittt | v'2010: 79

34m

Modules per _sl | " B A Stri
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Cosmic ray showers
from above
hds of events

scientifically

lceCube Ao

Neutrinos from all directions

Primarily v,-induced u
from below




The neutrino The detection array

The iceCube array will trace the paths of o
neutrinos, subatomic particles ned in o’ u l I

the decay of mdioactive elementsand
other elementary particies .

When muons travel fastes than light
through ice they trall a blue light Known
as Cerenkov radiation. This can be
detected by a dightal optical module, or
DOM - a device shightly larger than a
basketball, detalled below Vertical

k Poweé/datac.::nle Core-mantle
and connection boundary

— Processor

Neutrinos have an infinitesimal mass and DOM
trillions of them pass through the planet every
second. Carrying no electrical charge they are
not affected by Earth’s magnetic ficlds

Photo multipler

Horizontal

DERT L L 1T 1T N
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The NOvVA experiment is designed to search for oscillations of muon

neutrinos to electron neutrinos by comparing the electron neutrino event
' rate measured at the Fermilab site with the electron neutrino event rate

measured at a location just south of International Falls, MN 810 kilometers

distant from Fermilab.

If oscillations occur, the far site will see the appearance of electrons in the

muon neutrino beam produced at Fermilab.

https://www-nova.fnal.gov/nova_experiment_print.html



