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Neutrinos @LLR

Our group focuses on the studies
Neutrino: a multi-source particle of two kind of neutrino sources

PAtmospheric . - | Natural TZ/E\ aukm

Neutrinos

Geo-(anti)neutrinos| Supernova Solar Neutrinos Neutrinos from Neutrinos from
accelerator old Supernovae
Study neutrino use v as a probe
properties of astrophysical
(oscillations) objects
Give access to the Give access to
CP asymmetry in the star/BH formation
lepton sector rate

cosmological implications
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Neutrino: a special particle to study

Neutrino oscillations: while travelling from the source to the detector point, a neutrino
created with a certain flavor has a certain probability to convert into another neutrino flavor
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Neutrino: a special particle to study

Neutrino oscillations: while travelling from the source to the detector point, a neutrino
created with a certain flavor has a certain probability to convert into another neutrino flavor
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Neutrinos, and anti-neutrinos, exist in 3 flavors: v_ v, Vv, Pva— vp) = sin”20sin ( 4E )
The flavor mixing is only possible if neutrinos have masses
Oscillations happen because what propagate are the 2 v Approximation
mass-eigenstates v, related to the flavor eigenstates Lo " e
via the 0.8 - sin? 26 —— v _disappearance
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Neutrinos and the matter/anti-matter asymmetry

The complete three flavor case: More details in the clides from 2021 (LR biennale

atmospherics

reactor + accelerator solar + reactor
+ accelerator
Ve 1 0 0 C13 0 8136_iEl ci2 Si12 O V1
Vu E 0 C23 S923 0 1 0 —812 Ci12 0 17)
Vr 0 —s93 o3 —s13etcr] 0 C13 0 0 1 V3
Basically, if 5., != 0 && 3, !=m , we expectP(yOd — Vﬁ) 7& P(ﬁa — ﬁﬁ) violce:llt:;on!


https://indico.in2p3.fr/event/24657/contributions/99215/attachments/66179/92446/3-3_biennaleLLR_neutrinoIndicoMargherita.pdf
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This means that matter and anti-matter could behave
differently in the lepton sector.

AEL SR,/
Y "
I C'<g

Under certain assumptions, included the existence of super heavy neutrinos,
this can translate in the , i.e. why leptons won over anti-leptons

Under additional conditions, leptogenesis could generate also :
thus explaining why matter won over anti-matter... that is why we exist now!



https://indico.in2p3.fr/event/24657/contributions/99215/attachments/66179/92446/3-3_biennaleLLR_neutrinoIndicoMargherita.pdf

Neutrino: a unique probe of astrophysical objects - DSNB

N >>1: Burst

Rate ~ 0.01/yr

high statistics,
all flavors

N ~1: Mini-Burst

Rate ~ 1/yr

object identity,
burst variety

Beacom, 2012
N << 1: DSNB

Rate ~ 108/yr

cosmic rate,
average emission

Expected one supernova per second in
observable Universe

Since v travel freely across the Universe, could

. we look for past SN neutrinos? This is the

Diffuse Supernova Neutrino Background!



Neutrino: a unique probe of astrophysical objects - DSNB

Beacom, 2012 .
Expected one supernova per second in

observable Universe

N >>1: Burst N ~ 1 : Mini-Burst N << 1: DSNB

Since v travel freely across the Universe, could
we look for past SN neutrinos? This is the
Diffuse Supernova Neutrino Background!
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Neutrinos @LLR : T2K &...
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Neutrinos @LLR : T2K &...

12K

Super-Kamiokande
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Neutrinos @LLR : T2K &...

Hardware + xsec/OA analyses OA analysis

Super-Kamiokande
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Most recent T2K results on oscillation

As presented at NEUTRINO 2022

T2K, Super-K, IceCube: Neutrino 2022 Preliminary

parameters
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POD replaced with a totally active target T2K phase " ND280 Upg rade

SuperFGD: segmented 1cm? cubes FGD

Sandwiched by 2 TPCs , Data taking has started !
, _ e 3 New horizontal
<@s= e 2 millions of 1cm TPCs
SRR E T cubes.
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POD replaced with a totally active target T2K phase " ND280 Upg rade

SuperFGD: segmented 1cm? cubes FGD

Dato. taking hae started !

Sandwiched by 2 TPCs

New horizontal

TPCs
2 millions of 1cm? -

= 1 " STRONG PARTICIPATION OF THE LLR:

e SenS|t|V|ty studies (Phys. Rev. D 105. 032010, Jaafar's thesis + paper ongoing)

e Software development (GunDAM)

e SuperFGD electronics: design, production, installation and
commissioning = strong involvement of physicists +

efficiency
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.032010
https://github.com/gundam-organization

Super Kamiokande

SKis a 50 kton water Cherenkov detector
Inner detector ~11000 20 inch PMTs
Outer detector ~2000 8 inch PMTs

AFrPd

_ _ v, CCQE interaction
v, CCQE interaction




Super Kamiokande

SKis a 50 kton water Cherenkov detector
Inner detector ~11000 20 inch PMTs
Outer detector ~2000 8 inch PMTs ™

Gadolinium added since W
2019 (?7?7) to increase
neutron capture rate = €
strong participation of ’
LLR in the hardware
work!

_ _ v, CCQE interaction
v, CCQE interaction




Super Kamiokande UPER
SK is a 50 kton water Cherenkov detector P K
Inner detector ~11000 20 inch PMTs A

Outer detector ~2000 8 inch PMTs ™

Gadolinium added since W
2019 (?7?7?) to increase ~ 30 ps 5

neutron capture rate = €
p n
“C MeV

" LLR in the hardware

4 A strong participation of o M
work! ka

v, CCQE interaction

v, CCQE interaction
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Events/2-MeV

Diffuse Supernovae Neutrino Background @LLR

Rate analysis (model independent), Sensitivity studies for the Gd era
before Gd era (model dependent analysis)
SK-Gd discovery potential (spectral fit)
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Including NC backgrounds
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The Kamiokande series
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Moving to Hyper-Kamiokande

T2K-3K) 8

Hyper-Kamiokande physics program
Positron

Proton d :
roton decay @ :

Proton : b

.

Probe Grand Unification —
Theories via p-decay Y
v

Atmospheric neutrinos

Survival probability up-turn
Solar/reactor tension
hep neutrinos

Supernovae neutrinos

D

Oscillation affected by matter effects
Sensitive to MO

Observe CP violation for leptons at 50

Much more details in Benjamin'e

| presentatfion at last CS

Core-collapse SNv: constrain SN profile models
Diffuse SuperNova v background

The future and bigger cynthesic
of T2K and SK physics



https://indico.in2p3.fr/event/31699/contributions/133895/attachments/82333/121771/HyperK_202401_CSLLR202401_Quilain_v2.pdf

