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Conclusions

The Neutrino Experimental Landscape
Sources of Neutrinos

Big Bang Reactors Sun SuperNova

10−4 eV few MeV 0.1-14 MeV ∼ 10 MeV
300/cm3 1021/GWth/s 1010/cm2/s 109/cm2/s

Atmosphere Accelerators Extragalactic

∼ 1 GeV 1-20 GeV TeV-PeV
few/cm2/s 106/cm2/s/MW (at 1km) varies
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Conclusions

The Neutrino Experimental Landscape
Examples of Neutrino Experiments ( current, future)

Big Bang Reactors Sun SuperNova

PTOLEMY Daya Bay BOREXINO SuperK-GD
PTOLEMY JUNO SNO+/JUNO DUNE/HK/JUNO

Atmosphere Accelerators Extragalactic

SuperK/IC-DeepCore T2K/NoVA IceCUBE/KM3NeT
HyperK/KM3NeT/ORCA T2HK/DUNE/ESSνSB IceCUBE-Gen2
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Current Neutrino Experiments: Reactor experiments and
measuring the νe content of ν3

4 / 61



The Little
Neutral One:
Neutrinos in

the 21st

Century

Mary Bishai
Brookhaven

National
Laboratory

Experimental
Landscape

Current
Experiments

Reactor ν

T2K

ν Telescopes

Hunt for CPV

LBNF/DUNE

ν Apps

Conclusions

Reactor power and neutrinos

ν Exercise:

The following table shows the breakdown of energy
released per fission from 235U:

Fission fragment Energy (MeV)
Fission products 175
〈2.44〉 neutrons 5
γ from fission 7
γs and βs from beta decay 13
〈6〉 neutrinos 10
Total 210

5% of a reactor’s power is in neutrinos !

How many neutrinos are emitted per second from a 1 Gigawatt (thermal) reactor? 1 Joule
= 6.242× 109GeV

1× 109 Joules/sec = 6.242× 1018 GeV/sec

= 3× 1019 fissions/sec

∼ 2× 1020 ν/sec

= 1.6× 1013/m2/sec at 1 km
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Reactor power and neutrinos

ν Exercise:

The following table shows the breakdown of energy
released per fission from 235U:

Fission fragment Energy (MeV)
Fission products 175
〈2.44〉 neutrons 5
γ from fission 7
γs and βs from beta decay 13
〈6〉 neutrinos 10
Total 210

5% of a reactor’s power is in neutrinos !

How many neutrinos are emitted per second from a 1 Gigawatt (thermal) reactor? 1 Joule
= 6.242× 109GeV

1× 109 Joules/sec = 6.242× 1018 GeV/sec

= 3× 1019 fissions/sec

∼ 2× 1020 ν/sec

= 1.6× 1013/m2/sec at 1 km 6 / 61
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Conclusions

Reactor Experiments and Neutrino Mixing Parameters

sin2 θ13 = fraction of νe in ν3 state, sin2 θ12 = fraction of νe in ν2 state

Atmospheric osc. Solar osc.
sin2

2θ13 sin2
2θsolar
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The Daya Bay Reactor Complex

Ling Ao II NPP (2011)
(2X2.9 GWth)

Daya Bay NPP
(2X2.9 GWth)

Ling AO NPP
(2X2.9 GWth)

9
0
0
m

Entrance

Construction
tunnel

cores

 cores

Antineutrino Detector

Experimental hall
Tunnel

465m

Daya Bay Cores

Ling Ao

Ling Ao II

1km

450m

Overburden 355m

DYB near 40t

Overbdn 98m

LA near 40t

8
1
0
m

Overbdn 112m

FAR 80t

Reactor Specs:
Located 55km north-east of Hong Kong.
Initially: 2 cores at Daya Bay site + 2 cores at Ling Ao site
= 11.6 GWth

By 2011: 2 more cores at Ling Ao II site = 17.4 GWth ⇒
top five worldwide
1 GWth = 2× 1020ν̄e/second

Deploy multiple near and far detectors

Reactor power uncertainties < 0.1% 8 / 61
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The Daya Bay Collaboration : 231 Collaborators
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Conclusions

Detecting Neutrinos from the Daya Bay Reactors

The active target in each detector is liquid scintillator loaded with 0.1% Gd
γ

γ

γ

γ

γ

γ

n

e+

ν e
8 MeV

τ= µs28 , <d>= 5 cm

ν̄e + p→ n + e+

e+ + e− → γγ (2X 0.511 MeV +Te+ , prompt)

n + p→ D + γ (2.2 MeV, τ∼ 180µs). OR

n + Gd→ Gd∗ → Gd + γ’s (8 MeV, τ ∼ 28µs).

⇒ delayed co-incidence of e+ conversion and n-capture (> 6 MeV)

with a specfic energy signature
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The Daya Bay Experimental Apparatus

Multiple “identical” detectors at each site.

Thick water shield to reduce cosmogenic and radiation bkgds.

DYB LA Far
Event rates/20T/day 840 740 90
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Daya Bay Measurement of Non-zero θ13

First to discover non-zero θ13 (2012) and currently
most precise result (2023):

sin2 2θ13 = 0.0851± 0.0024
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Conclusions

Current Neutrino Experiments: Accelerator νµ beams and
observing νµ → νe
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Conclusions

Confirming νµ → νe flavor change

The T2K experiment: a beam of νµ neutrinos generated from the decay of pions produced
at the Japan Proton Accelerator Complex (JPARC) located in Tokai, Japan travels 295km
to the SuperKamiokande neutrino detector:
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T2K beam νe Candidate Event 2010
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T2K: First Observation of νµ → νe APPEARANCE

In 2014 T2K observes
conversion of νµ to νe

(atmospheric oscillation
scale) with an amplitude
of (2023 results)
sin2 2θ13 = 0.109+0.011

−0.025.
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2016 Breakthrough Prize in Fundamental Physics

The 2016 Breakthrough Prize in Fundamental Physics awarded to 7 leaders and 1370
members of 5 experiments investigating neutrino oscillation: Daya Bay (China); Kam-
LAND (Japan); K2K / T2K (Japan); Sudbury Neutrino Observatory (Canada); and Super-
Kamiokande (Japan) 17 / 61
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Conclusions

Current Neutrino Experiments: Neutrino Telescopes
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Conclusions

The IceCUBE Experiment
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The IceCUBE Experiment
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Conclusions

The Highest Energy Neutrinos (Gamma Ray Bursts)

Neutrino events with energies > PeV (1015eV)
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IceCUBE detects neutrinos from a known active sources

https://youtu.be/QkBAL3yvXBg
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Conclusions

KM3NeT: Neutrino Telescope in the Mediterrenean

KM3NeT is a research infrastructure
deployed in deep sea locations in the
Mediterranean that houses the next
generation kilometer scale neutrino
water Cherenkov telescopes.
Ultimately the detector will have
volumes between a megaton and
several cubic kilometers of clear sea
water.
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KM3NeT Infrastructure
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Conclusions

Neutrinos and matter/anti-matter asymmetry of the
Universe
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Charge-Parity Symmetry

Charge-parity symmetry: laws of physics are
the same if a particle is interchanged with its
anti-particle and left and right are swapped.
A violation of CP ⇒ matter/anti-matter
asymmetry.

γ → e+e−
26 / 61
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CP Violation in PMNS (leptons) and CKM (quarks)

In 3-flavor mixing the degree of CP violation is determined by the Jarlskog invariant:
JPMNS

CP ≡ 1
8

sin 2θ12 sin 2θ13 sin 2θ23 cos θ13 sin δCP.

0.03 0.032 0.034 0.036

J
CP

max
 = c

12
 s

12
 c

23
 s

23
 c

2

13
 s

13

0

5

10

15

∆
χ

2

-0.04 -0.02 0 0.02 0.04

J
CP

 = J
CP

max
 sinδ

CP

NO, IO (w/o SK-atm)
NO, IO (with SK-atm)

NuFIT 5.1 (2021)

Given the current best-fit values of the ν mixing angles :

JPMNS
CP ≈ 3× 10−2 sin δCP.

For CKM (mixing among the 3 quark generations):

JCKM
CP ≈ 3× 10−5,

despite the large value of δCKM
CP ≈ 70◦.
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νµ → νe Oscillations in the 3-flavor ν SM

Matter/anti-matter asymmetries in neutrinos are best probed using νµ/ν̄µ → νe/ν̄e

oscillations.With terms up to second order in α ≡ ∆m2
21/∆m2

31 = 0.03 (M. Freund. Phys. Rev. D 64, 053003):

P(νµ → νe) ∼= P(νe → νµ) ∼= P0︸︷︷︸
θ13

+ Psin δ︸ ︷︷ ︸
CP violating

+ Pcos δ︸ ︷︷ ︸
CP conserving

+ P3︸︷︷︸
solar oscillation

where for oscillations in vacuum:

P0 = sin2 θ23sin2 2θ13 sin2(∆),
sin2(2θ13)

(A− 1)2

Psin δ = α 8Jcp sin3(∆),
8Jcp

A(1− A)

Pcos δ = α 8Jcp cot δCP cos ∆ sin2(∆),
8Jcp cot δCP

A(1− A)
xx

P3 = α2cos2 θ23sin2 2θ12 sin2(∆),
sin2(2θ12)

A2

where ∆ = 1.27∆m2
31(eV2)L(km)/E(GeV)

and A =
√

2GFNe2E/∆m2
31.

For ν̄µ → ν̄e, Psin δ → −Psin δ︸ ︷︷ ︸
CP asymmetry

,
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Conclusions

νµ → νe Oscillations in the 3-flavor ν SM

Matter/anti-matter asymmetries in neutrinos are best probed using νµ/ν̄µ → νe/ν̄e

oscillations.With terms up to second order in α ≡ ∆m2
21/∆m2

31 = 0.03 (M. Freund. Phys. Rev. D 64, 053003):

P(νµ → νe) ∼= P(νe → νµ) ∼= P0︸︷︷︸
θ13

+ Psin δ︸ ︷︷ ︸
CP violating

+ Pcos δ︸ ︷︷ ︸
CP conserving

+ P3︸︷︷︸
solar oscillation

where for oscillations in matter with constant density:

P0 = sin2 θ23
sin2 2θ13

(A− 1)2
sin2[(A− 1)∆],

Psin δ = α
8Jcp

A(1− A)
sin ∆ sin(A∆) sin[(1− A)∆],

Pcos δ = α
8Jcp cot δCP

A(1− A)
cos ∆ sin(A∆) sin[(1− A)∆],

P3 = α2cos2 θ23
sin2 2θ12

A2
sin2(A∆),

where ∆ = 1.27∆m2
31(eV2)L(km)/E(GeV) and A =

√
2GFNe2E/∆m2

31.

For ν̄µ → ν̄e, Psin δ → −Psin δ︸ ︷︷ ︸
CP asymmetry

, A→ −A︸ ︷︷ ︸
matter asymmetry 29 / 61
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Conclusions

Osc. vs L/E sin2 2θ13 = 0.09, sin2 θ23 = 0.5,∆m2
31 = ±2.4× 10−3eV2

ν Exercise: reproduce the plots shown below

The νµ → νe oscillation probability maxima occur at

L (km)

En(GeV)
=
(π

2

) (2n− 1)

1.27× ∆m2
31(eV2)

≈ (2n− 1)× 515 km

GeV

Oscillations in vacuum - different terms (δCP = 0)

Baseline/Neutrino Energy (km/GeV)
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

) e ν 
→ µ ν

P(

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2(a) Electron Neutrino Appearance Probabilty vs. L/E

 = 0cp δVacuum oscillations, NH, all terms, 

 term only13θ 2 2sin 

Solar oscillation term only
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Conclusions

Osc. vs L/E sin2 2θ13 = 0.09, sin2 θ23 = 0.5,∆m2
31 = ±2.4× 10−3eV2

ν Exercise: reproduce the plots shown below

The νµ → νe oscillation probability maxima occur at

L (km)

En(GeV)
=
(π

2

) (2n− 1)

1.27× ∆m2
31(eV2)

≈ (2n− 1)× 515 km

GeV

Impact of δCP on oscillations in vacuum, ∆m2
31 > 0 (NH)

Baseline/Neutrino Energy (km/GeV)
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

) e ν 
→ µ ν

P(

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2(b) Impact of CP Phase on Vacuum Oscillations, NH

 = 0cp δVacuum oscillations, all terms, 
/2π = + cpδAll terms, 
/2π = - cpδAll terms, 

π = cpδAll terms, 
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Osc. vs L/E sin2 2θ13 = 0.09, sin2 θ23 = 0.5,∆m2
31 = ±2.4× 10−3eV2

ν Exercise: reproduce the plots shown below

The νµ → νe oscillation probability maxima occur at

L (km)

En(GeV)
=
(π

2

) (2n− 1)

1.27× ∆m2
31(eV2)

≈ (2n− 1)× 515 km

GeV

Impact of δCP on oscillations in vacuum, ∆m2
31 < 0 (IH)

Baseline/Neutrino Energy (km/GeV)
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

) e ν 
→ µ ν

P(

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2(b) Impact of CP Phase on Vacuum Oscillations (IH)

 = 0cp δVacuum oscillations, all terms, 
/2π = + cpδAll terms, 
/2π = - cpδAll terms, 

π = cpδAll terms, 
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Conclusions

Osc. vs L/E sin2 2θ13 = 0.09, sin2 θ23 = 0.5,∆m2
31 = ±2.4× 10−3eV2

ν Exercise: reproduce the plots shown below

The νµ → νe oscillation probability maxima occur at

L (km)

En(GeV)
=
(π

2

) (2n− 1)

1.27× ∆m2
31(eV2)

≈ (2n− 1)× 515 km

GeV

Impact of matter effect on νµ oscillations (δCP = 0)

Baseline/Neutrino Energy (km/GeV)
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

) e ν 
→ µ ν

P(

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2  = 0)cpδ Oscillations (µ ν(c) Impact of Matter Effects on 

 = 0cp δVacuum oscillations, all terms, 
Matter effect at 1000km, NH
Matter effect at 2000km, NH
Matter effect at 3000km, NH

Matter effect at 3000km, IH
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Conclusions

Osc. vs L/E sin2 2θ13 = 0.09, sin2 θ23 = 0.5,∆m2
31 = ±2.4× 10−3eV2

ν Exercise: reproduce the plots shown below

The νµ → νe oscillation probability maxima occur at

L (km)

En(GeV)
=
(π

2

) (2n− 1)

1.27× ∆m2
31(eV2)

≈ (2n− 1)× 515 km

GeV

Impact of matter effect on ν̄µ oscillations (δCP = 0)

Baseline/Neutrino Energy (km/GeV)
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

) e ν 
→ µ ν

P(

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2  = 0)cpδ Oscillations (µν(d) Impact of Matter Effects on 

 = 0cp δVacuum oscillations, all terms, 
Matter effect at 1000km, NH
Matter effect at 2000km, NH
Matter effect at 3000km, NH

Matter effect at 3000km, IH

34 / 61



The Little
Neutral One:
Neutrinos in

the 21st

Century

Mary Bishai
Brookhaven

National
Laboratory

Experimental
Landscape

Current
Experiments

Reactor ν

T2K

ν Telescopes

Hunt for CPV

LBNF/DUNE

ν Apps

Conclusions

Expected Appearance Signal Event Rates

ν Exercise: The total number of electron neutrino appearance events expected for a given
exposure from a muon neutrino source as a function of baseline is given as

Nappear
νe

(L) =

∫
Φνµ(Eν , L)× Pνµ→νe (Eν , L)× σνe (Eν)dEν

Assume the neutrino source produces a flux that is constant in energy and using only the
dominant term in the probability(no matter effect)

Φνµ(Eν , L) ≈ C

L2
, C = number of νµ/m2/GeV/sec at 1 km

Pνµ→νe (Eν , L) ≈ sin2 θ23 sin2 2θ13 sin2(1.27∆m2
31L/Eν)︸ ︷︷ ︸

P0

σνe (Eν) = 0.7× 10−42(m2/GeV/N)× Eν , Eν > 1 GeV

Prove that the rate of νe appearing integrated over a constant range of L/E is independent
of baseline for L > 500 km!
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Expected Appearance Signal Event Rates

Nappear
νe

(L) ∝ constant term×
∫

sin2(ax)

x3
dx,

x ≡ L/Eν , a ≡ 1.27∆m2
31 GeV/(eV2.km)

ν Exercise:
C ≈ 1× 1017 νµ/m2/GeV/yr at 1 km (from 1MW accelerator)
sin2 2θ13 = 0.084, sin2 θ23 = 0.5,∆m2

31 = 2.4× 10−3eV2

Calculate the rate of νe events observed per kton of detector integrating over the region
x = 100 km/GeV to 2000 km/GeV:

Nappear
νe

(L) ≈ (2× 106events/kton/yr) · (km/GeV)2

∫ x1

x0

sin2(ax)

x3
dx,

Nappear
νe

(L) ∼ O(20− 30) events/kton.MW.yr

36 / 61



The Little
Neutral One:
Neutrinos in

the 21st

Century

Mary Bishai
Brookhaven

National
Laboratory

Experimental
Landscape

Current
Experiments

Reactor ν

T2K

ν Telescopes

Hunt for CPV

LBNF/DUNE

ν Apps

Conclusions

Expected Appearance Signal Event Rates

Nappear
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(L) ∝ constant term×
∫

sin2(ax)

x3
dx,

x ≡ L/Eν , a ≡ 1.27∆m2
31 GeV/(eV2.km)

ν Exercise:
C ≈ 1× 1017 νµ/m2/GeV/yr at 1 km (from 1MW accelerator)
sin2 2θ13 = 0.084, sin2 θ23 = 0.5,∆m2

31 = 2.4× 10−3eV2

Calculate the rate of νe events observed per kton of detector integrating over the region
x = 100 km/GeV to 2000 km/GeV:

Nappear
νe

(L) ≈ (2× 106events/kton/yr) · (km/GeV)2

∫ x1

x0

sin2(ax)

x3
dx,

Nappear
νe

(L) ∼ O(20− 30) events/kton.MW.yr
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Hunting for CP violation: LBNF/DUNE
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Conclusions

The Deep Underground Neutrino Experiment

A very long baseline experiment: 1300km from Fermilab in Batavia, IL to the Sanford
Underground Research Facility (former Homestake Mine) in Lead, SD.

A highly capable near detector facility at Fermilab.

Very deep (1 mile underground) far detectors: 4 × 10-kiloton fiducial (17 kt total)
Liquid-Argon Time-Projection-Chambers with state-of-the-art instrumentation.

High intensity tunable wide-band neutrino beam produced from 120 GeV Main Injector
proton accelerator at Fermilab upgraded to 2MW.
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Conclusions

Scientific Objectives of DUNE (4 experiments-in-one)

A long-baseline neutrino oscillation experiment:

precision measurements of the parameters that
govern νµ → νe oscillations; this includes
precision measurement of the third mixing angle
θ13, measurement of the charge-parity (CP)
violating phase δCP, and determination of the
neutrino mass ordering (the sign of
∆m2

31 = m2
3 − m2

1), the so-called mass hierarchy

precision measurements of the mixing angle θ23,
including the determination of the octant in
which this angle lies.

Searches for physics beyond the 3 flavor model
using neutrino oscillations
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Conclusions

Scientific Objectives of DUNE (4 experiments-in-one)

A proton decay experiment:

A neutrino telescope:

A fixed target experiment:

complemantary searches for proton decay in
several important candidate decay modes, e.g.,
p→ K+ν as well as other baryon number
violating signals.

detection and measurement of the neutrino flux,
spectrum and time evolution from a core-collapse
supernova within our galaxy, should one occur
during the lifetime of DUNE

Unique searches for heavy neutral leptons, dark
matter scattering, precision electroweak
measurements, nuclear form factors and other
measurements made possible by the high power
proton beam and neutrino scattering in the near
detector
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Conclusions

The DUNE Scientific Collaboration

As of Oct 2023

1508 members

1419 active collaborators (657
US + 762 non-US)

37 active countries including
CERN

209 active institutions
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Conclusions

The DUNE Scientific Collaboration
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Conclusions

Overview of the LBNF Beamline

Primary proton beam 60-120 GeV with initial 1.2 MW beam power (Phase I),
upgradable to 2.4 MW (Phase II). Embankement allows target complex to be at grade
(BNL concept)

Wide-band beam (on-axis) optimized for CP violation sensitivity - uses 3 focusing
horns to select neutrino beam with a decay pipe 194m long x 4m diameter, He filled
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Conclusions

The LBNF Beamline Target Challenges

Advanced engineering and material science challenges
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DUNE Near Detectors
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Conclusions

The DUNE Far Detectors: Liquid-Argon Time-Projection
Chambers

Single Phase “horizontal drift” LArTPC with 3 anode wire
planes

DUNE “horizontal drift” TPC design by Bo Yu (BNL)

The DUNE anode wireplane
assembly
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Conclusions

The DUNE Far Detectors: Liquid-Argon Time-Projection
Chambers

The DUNE LArTPCs

Both FD1 and FD2 are LArTPCs using highly modularized
TPC design comprising O(100) identical TPC modules

FD1 is a “horizontal drift” detector using 3 layers of wire
planes vertical and ±36◦ - goes in the NE cavern

FD2 is a “vertical drift” detector that uses 3 layers of
strips on PCBs as the charge plane readout.

48 / 61



The Little
Neutral One:
Neutrinos in

the 21st

Century

Mary Bishai
Brookhaven

National
Laboratory

Experimental
Landscape

Current
Experiments

Reactor ν

T2K

ν Telescopes

Hunt for CPV

LBNF/DUNE

ν Apps

Conclusions

DUNE Prototypes @ CERN Neutrino Platform
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Neutrino Interactions in DUNE Far Detectors
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Conclusions

DUNE Long-Baseline Oscillation Measurements

DUNE Phase I+II measures δcp, θ23 octant

Rich spectral information = unmatched sensitivity to osc. parameters
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Conclusions

DUNE Sensitivities to ν 3-flavor Oscillations

DUNE will determine mass ordering unambigously and CPV to 5σ (50% of δcp)
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Conclusions

BSM Searches with DUNE

Sterile ν Searches Inelastic Dark Matter Scattering
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Conclusions

Supernova Burst Neutrinos in DUNE

Time (and energy) profile is rich in
Supernova astrophysics.

DUNE has unique sensitivity to the νe

flux

Studies using νe electron scattering
indicate 5% pointing resolution
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PRACTICAL APPLICATIONS of ν

55 / 61



The Little
Neutral One:
Neutrinos in

the 21st

Century

Mary Bishai
Brookhaven

National
Laboratory

Experimental
Landscape

Current
Experiments

Reactor ν

T2K

ν Telescopes

Hunt for CPV

LBNF/DUNE

ν Apps

Conclusions

Practical Applications of Technologies for ν Experiments
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Conclusions

Multi-MW Accelerators Driving Thorium Reactors

First proposed by Carlo Rubbia in
1995 (1984 Nobel Prize winner)

Requires proton accelerators with
powers of 10 MW. Currently
neutrino and neutron experiments
are driving the technology of high
power MW class proton beams.

57 / 61



The Little
Neutral One:
Neutrinos in

the 21st

Century

Mary Bishai
Brookhaven

National
Laboratory

Experimental
Landscape

Current
Experiments

Reactor ν

T2K

ν Telescopes

Hunt for CPV

LBNF/DUNE

ν Apps

Conclusions

Neutrinos and Earth’s Geology
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Conclusions

Neutrinos and Earth’s Geology

Signal of ν̄e from radioactive decays of U/TH in the earth observed in the BOREXINO solar
neutrino experiment:

59 / 61



The Little
Neutral One:
Neutrinos in

the 21st

Century

Mary Bishai
Brookhaven

National
Laboratory

Experimental
Landscape

Current
Experiments

Reactor ν

T2K

ν Telescopes

Hunt for CPV

LBNF/DUNE

ν Apps

Conclusions

Summary

Neutrinos have been at the forefront of fundamental discoveries in particle physics for
decades.

Discoveries of neutrino properties like the very small mass, large almost maximal
mixing, are the ONLY direct evidence for physics beyond the Standard Model of particle
physics, and new hidden symmetries.

Results from the current generation of accelerator based neutrino experiments hint
(inconclusively) at large matter/anti-matter asymmetries.

The future T2HK and LBNF/DUNE project are ambitious multi-national neutrino
experiments designed to probe matter/anti-matter asymmetries, neutrino oscillations
and cosmological neutrinos with unprecedented precision.

Studying neutrinos is advancing new technologies in accelerators, non-proliferation,
geology...etc
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THANK YOU
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