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During this session

1.  Study of final-state interactions of protons in neutrino-nucleus 
scattering with INCL and NuWro cascade models. Anna Ershova.

2. The T2K Near Detector ND280 upgrade. Slava Yevarouskaya.

3. Recherche de nouvelle physique avec l'expérience RICOCHET via la 
diffusion cohérente des neutrinos. Guillaume Chemin.
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Who am I ?
➢ PhD student (2018-2021) at IP2I (Lyon) : ‘’Kinematic 

search for tau neutrinos in the DUNE experiment’’.
  

➢ PostDoc position (2021-2023) at Grenoble LPSC in 
the DUNE experiment.

➢ I live in chambéry (Savoie)

000

Tartiflette !
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What’s a neutrino ?



  

What’s a neutrino ?

➢ ‘’Matter not in atoms’’ : my favorite !
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When you say ‘’weak’’…?
➢ With an iron stick, you need ~1m to stop half of 1 MeV protons, you need 

about 1000 light-years to stop half of 1 MeV neutrinos.

➢ What volume of water needed to measure an interaction rate of 1 solar 
neutrino event per second, given a flux of about 60 billion neutrinos/cm2/s ?

➢ Invert the relation to calculate V :
~500 m3

Γ= ϕ⏟
60×10⁹ ν/ cm ² / s

× σ⏟
10−42 cm2

×¿
ρH 2O×V
M (H 2 0)

N A⏟
6×1023mol−1

¿¿

8m
Thomas Kosc --  Laboratoire de Physique Subatomique & Cosmologie – kosc.thomas@gmail.com



  

Historical considerations
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It started with an anomaly

➢ The observation of beta decay showed apparent 
non conservation of energy in the process.

➢ W. Pauli suggests in 1930 the missing energy is 
shared with an escaping neutral particle : the 
neutrino.

➢ Fermi 1933 : theorie of beta decay. 
Still taught as correct 
approximation !

“it contains speculations too 
remote from reality to be of 
interest to the reader”
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F. Reines & C. Cowan
➢ Initial plan was to use an atomic bomb as intense 

(anti)neutrino source.
➢ Later idea to detect positron and neutron in 

coincidence made the use of atomic bomb less 
needed.

➢ The Hanford experiment (1953) : Hanford experiment, 
low S/N. 

➢ The Savannah River experiment (1956) : definite 
evidence for neutrino detection. ν̄e+ p→e+n+

Question  from a student : ‘’they only detected the positron 
and the neutron,  not the neutrino ? How to be sure it was a 

neutrino ?’’

Reines : ‘’Life was much simpler in 
those days’’.
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R. Davis experiment (solar neutrino problem)

➢ Measure the radioactivity 
associated to argon 37 (half life 
~30 days).

➢ Triggered solar neutrino problem 
which remained for 30 years ! 
Where are the dawn neutrinos ?

➢ Inverse beta decay 

-

νe+ Cl37 →e+ Ar37-

10.1016/0146-6410(94)90004-3
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Atmospheric neutrino problem (1988)
➢ Kamiokande = Kamioka Nucleon Decay Experiment. 

➢  Atmospheric muon neutrinos as background for proton decay signal.

➢ Where are the dawn neutrinos ?
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Evidence for neutrino oscillations
➢ Two episodes : evidence for oscillations of atmospheric and then solar 

neutrinos

Super-Kamiokande 1998 
(Neutrino Detection Experiment) :
Numu depletion is zenith angle dependant !

SNO 2001 (Sudbury Neutrino 
Observatory) :

●  electron neutrino solar flux is smaller.
●  All flavour neutrinos flux is consistent 

with predictions !
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Neutrinos oscillate !
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Neutrino oscillations ?
➢ For ~20 years we entered a so-called precision neutrino oscillations era. What 

do we mean ?

➢ Flavour states don’t diagonalize 
mass lagrangian.

➢ Leptonic mixing matrix (PMNS matrix) with four parameters to measure, in 
addition to two independant mass splittings.
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Mixing and oscillations : subtleties...

➢ Mixing is not oscillations !

➢ Oscillations are a pure fascinating quantum mechanical effect : the more you 
look at it, the less you get it !

➢ Ever noticed 

➢ 2 flavour approximation : 

να=∑
i=1

3

Uα iνi

2
2

p(να→νβ)=sin 2(2θ)sin2 Δm ² L
4 E ¿

What the *** ?
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Back to history !
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Tau neutrino observation (2001)

➢ In the 90’s, CHORUS and NOMAD attempted 
to measure tau neutrino interactions at short 
baselines (few 100m) at CERN : dark matter 
candidate ! Negative result

➢ In 2001 DONUT definitely observes the tau 
neutrino by using Tevatron 800 GeV protons to 
create a beam of neutrinos (containing tau 
neutrinos).
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Supernovae neutrinos
➢ Kamiokande captured 12 electron neutrino like event at 

the tile corresponding to the burst of the SN1987A 
supernovae. First supernovae ever detected with 
neutrinos !

➢ Many neutrino experiments today 
have a dedicated scientific 
program in case of a supernovae 
burst.

Thomas Kosc --  Laboratoire de Physique Subatomique & Cosmologie – kosc.thomas@gmail.com



  

Betelgeuse playing with 
physicist nerves...

➢ In 2020 Betelgeuse luminosity dimmed drastically. There were hopes that it 
was ‘’about to’’ explode.

???
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Some current hot topics



  

➢ Several experiments have 
investigated the reactor 
neutrino anomaly (missing 
neutrinos at short baselines 
~10m).

➢

➢ Oscillation hypothesis ruled out by PROSPECT, STEREO 
and DANSS, observe by NEUTRINO-4.

21050.13776

PhysRevD.104.032003

Δm2∼eV 2

A fourth neutrino...?
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Mass hierarchy

➢ Ambiguity in the sign of 

➢ Normal hierarchy currently 
favoured at ~2

32

21

32

21

Δm31
2

σ

➢ Future experiments (JUNO, DUNE, HYPERK) will definitely measure mass 
hierarchy.
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Long baselines and CP violation
➢ T2K and NOvA are the two current 

long-baseline worldleading 
experiments.

p(να→νβ)−p( ν̄α→ν̄β)∝c12c13
2 c23 s12 s13 s23sin (δCP)

➢ Slight tension 
between the two : 
nothing is set !
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Next generation of long baselines
➢ T2HK (evolution of T2K) and DUNE/LBNF are 

the next competing long-baseline neutrino 
experiments

σ➢ Race to 5      exclusion of CP-conservative value of         has started !δCP
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Neutrinoless double beta decay
➢ Double beta decay is a rare decay process : (A,Z) → 

(A,Z+2) + 2e- + ***

➢ Many competing experiments searching for the 
low signal of neutrinoless double beta decay.

➢ Important features : absolute neutrino mass scale, 
Majorana nature of neutrino (i.e nu = nubar), mass 
hierarchy.

Next 
generation
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A typical limitation in neutrino physics
➢ I want my experiment to run within 10 years maximum and acquire sufficient 

statistics : pick heavy target to increase event rate !

➢ But when we measure neutrino cross sections, we actually measure strongly 
biaised cross sections. Pick a quasi elastic scattering nu + n → p + alpha :

Wν

Ejected protons

Charged lepton

The neutrino comes with an energy E.

Re-scattering inside nucleus (Final 
State Interaction) : biais energy 
measurement !
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Last but not least (2017) !

➢ COHERENT first observed coherent elastic 
neutrino nucleus scattering.

1708.01294

➢ Promising for probing new physics
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Thank you !



  

Muon neutrino discovery (1962)
➢ Produce a neutrino beam and show a second type of neutrino.

➢ We still use the same process to create artificial neutrino beams !
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π→μ+νμ / ν̄μ

M. Schwartz in front of spark 
chamber used for experiment.



  

From a historical point of view
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expectation

Bêta spectrum is not 
monochromatic (Chadwick, 
1914)

W. Pauli (1930) 
suggests energy is 
shared with second 
particle.

Theory of Bêta 
decay by Fermi 
(1933).

“it contains speculations 
too remote from reality 
to be of interest to the 
reader”

Reines & Cowan 1956

Solar Neutrino Problem

Atmospheric Neutrino Problem

R. Davis observes 1/3 of 
expected Solar neutrino 
flux (1969)

Kamiokande : deficit in 
atmospheric muon 
neutrinos (1988)

Super-Kamiokande : 
evidence for atmospheric 
neutrino oscillations (1998)

SNO : evidence for solar 
neutrino oscillations.

2015 physics 
Nobel Prize.

2017 : Coherent elastic neutrino-nucleus 
scattering

Add sternbeerger

1962 second neutrino 
type : muon neutrino.

Precision neutrino oscillations program



  

Helicity of neutrinos ?

➢ M. Goldhaber’s experiment in 1957.

➢ Elegant idea to measure the helicity of a photon 
following orbital electron capture.
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A(J=0)+e→B(J=1)+ν→B (J=0)+γ+ν*-

Eu(152) produisant Sm(152)



  

ALEPH result

➢ ALEPH collaboration showed evidence that number of families 
below 45 GeV is  3, as the decay width is function of number of 
active neutrino families below 45 GeV.
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➢ ALEPH was an experiment running on LEP at CERN in the 90’s.

➢ In particular it studied the decay of Z bosons.
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