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Neutrinos @LLR
Our group focuses on the studies 
of two kind of neutrino sources

Neutrinos from 
accelerator

Neutrinos from 
old Supernovae

Study neutrino 
properties 

(oscillations)

Give access to the 
CP asymmetry in the 

lepton sector

use 𝛎 as a probe 
of astrophysical 

objects

Give access to 
star/BH formation 

rate

cosmological implications



Neutrinos @LLR

matter anti-matter asymmetry
DSNB, SN neutrinos
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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

𝝼𝞪  𝝼𝝱SOURCE
[Sun, 
reactor, 
accelerator]

DETECTOR
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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

𝝼𝞪  𝝼𝝱SOURCE
[Sun, 
reactor, 
accelerator]

DETECTOR

Neutrinos, and anti-neutrinos, exist in 3 flavors: 𝝼e 𝝼𝝻 𝝼𝞃
The flavor mixing is only possible if neutrinos have masses 
Oscillations happen because what propagate are the 
mass-eigenstates 𝝼i , related to the flavor eigenstates 
via the PMNS mixing matrix 

𝜈𝛽
𝜈𝛼 
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The complete three flavor case:
atmospherics 
+ accelerator

reactor + accelerator solar + reactor 

Neutrinos and the matter/anti-matter asymmetry

Basically, if 𝝳CP != 0 && 𝝳CP != 𝞹 , we expect CP 
violation!

More details in the slides from 2021 LLR biennale

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


The complete three flavor case:
atmospherics 
+ accelerator

reactor + accelerator solar + reactor 

Neutrinos and the matter/anti-matter asymmetry

Basically, if 𝝳CP != 0 && 𝝳CP != 𝞹 , we expect

This means that matter and anti-matter could behave 
differently in the lepton sector.

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

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

CP 
violation!
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More details in the slides from 2021 LLR biennale

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


Neutrino: a unique probe of astrophysical objects - DSNB
Beacom, 2012

 Expected one supernova per second in 
observable Universe

Since 𝜈 travel freely across the Universe, could 
we look for past SN neutrinos? This is the 
Diffuse Supernova Neutrino Background!  
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Neutrino: a unique probe of astrophysical objects - DSNB
Beacom, 2012

 Expected one supernova per second in 
observable Universe

Since 𝜈 travel freely across the Universe, could 
we look for past SN neutrinos? This is the 
Diffuse Supernova Neutrino Background!  

Phys.Rev.Lett. 93 (2004) 171101

DSNB study can shed light on many 
astrophysical aspects like BH formation 
rate, star formation rate.

9



10

295 km

ND280

INGRID

Neutrinos @LLR : T2K &... 
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𝝼e 
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_
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WAGASCI

Léna

Andrès Viet
MBA               

Denis BQ     TM

OD

Hardware + xsec/OA analyses OA analysis



Most recent T2K results on oscillation parameters

World leading measurement of the 
atmospheric parameters!

Still compatible with both octants, slightly preferring 
the upper one
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As presented at NEUTRINO 2022

CP conservation excluded at 90%

Large region of 𝝳CP values excluded at 3σ

Preference for ~maximal CP violation (𝝳CP≈-𝝿/2)

Preference for Normal Ordering 

See updates of this in Denis’ talk!

LLR strongly 
involved in 

2024 
Oscillation 
analysis!



T2K phase II: ND280 Upgrade

Improvements w.r.t. current ND280:
• vertex reconstruction
• Acceptance 4π
• Low momentum protons (pp>300MeV)
• Vertex activity
• Neutron detection
• Reduce systematics related to 𝛎 cross sections

P0D replaced with a totally active target
SuperFGD: segmented 1cm3 cubes FGD 
Sandwiched by 2 TPCs

2 millions of 1cm3 
cubes.
Optical fibers in 3 
directions

Installation 
almost 

complete 
(>70%) 

@JPARC!!!!
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SFGD @JPARC, 
Jan 2023

Data taking has started !
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JPARC, Jan 2023

Data taking has started !

SFGD

Bottom TPC

ND280 ORIGINAL TRACKER
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JPARC, Jan 2023

STRONG PARTICIPATION OF THE LLR:
● Sensitivity studies (Phys. Rev. D 105, 032010, Jaafar’s thesis + paper ongoing)

● Software development (GUNDAM)

● SuperFGD electronics: design, production, installation and 
commissioning ⇒ strong involvement of physicists + 
service électronique + service mécanique

See Viet’s talk in a moment!

OD
Léna

Andrés Viet

MBA

Data taking has started !

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


𝝼𝝻 CCQE interaction
𝝼e CCQE interaction
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Rudolph Andrew Antoine
PP TM

BQ

  Super Kamiokande
SK is a 50 kton water Cherenkov detector
Inner detector ~11000 20 inch PMTs
Outer detector ~2000 8 inch PMTs



𝝼𝝻 CCQE interaction
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Inner detector ~11000 20 inch PMTs
Outer detector ~2000 8 inch PMTs
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  Super Kamiokande

Gd

Gadolinium added since 
2019 (???) to increase 
neutron capture rate ⇒ 
strong participation of 
LLR in the hardware 

work!
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See updates in Antoine’s talk!

LLR leader of DSNB analysis since 2019: 2 papers w/o Gd already out, preparing new 
analysis with more sophisticated neutron and prompt tagging

Phys. Rev. D 104, 122002 (2021)

Diffuse Supernovae Neutrino Background @LLR

Rate analysis (model independent), 
before Gd era

Sensitivity studies for the Gd era
(model dependent analysis)



The Kamiokande series
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1983-
1996

1996 - 
2002

2015

from 2027

x 20

x 8
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See Denis’ presentation in a moment!

Moving to Hyper-Kamiokande

Much more details in Benjamin’s 
presentation at last CS

MBA

PP

TM
BQ OD

Christine Denis Anna

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

