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Neutrino discovery announced 70y ago ->
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More Later…

2

Last proposal from Fred was to
Fermilab to build a long-baseline 
neutrino experiment in 1989

• In this talk, I cover 
oscillation phenomena

- Neutrino physics is a 
wide field, see 
Cheryl’s talk (and 
Mark’s, and Dan’s?) 
for the rest

- See also UK 
overview talk by 
Rhiannon Smith-
Jones at IOP HEPP 
2026

https://indico.global/event/16271/contributions/148746/
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• The first era:

- Neutrinos exist and interact with expected cross-sections

- Neutrinos undergo flavour oscillations -> non-zero mass

• All solar and atmospheric phenomena accounted for

• Direct evidence of new physics, no get-out clause

- Three light active neutrino flavours

- All phenomena / problems / anomalies accounted for by three-flavour mixing

• Two large mixing angles

• At least two (very different) non-zero masses 

• Last ~ ten years (post-Daya Bay)

-  symmetry is not exact

-  is significant, neutrino CP violation is possible and can be measured

- Almost all experimental observations currently consistent with ΛCDM

μ-τ
θ13

What we Know

3 INSS 2025 - LBL experiments7

Precise measurements could 
address big questions

● Is there symmetry or structure to the mixing 
matrix?

● Is there an underlying flavor symmetry? How is 
it broken? What is the origin of neutrino mixing?

● Is there an asymmetry between neutrino 
and antineutrino oscillations?

● Is leptogenesis a plausible explanation for the 
baryon asymmetry of the universe?

● Is the mixing matrix unitary?

● Are there additional neutrino states?

● Is there some other new physics in neutrino 
mixing?
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Mixing Parameters: 2026

4

INSS 2025 - LBL experiments18

Current best resolution to known 
PMNS parameters

mass ordering

Solar, reactor with L ~ 50 km
Atmospheric
Accelerator long-baseline
Reactor with L ~ 2 km
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Majorana parameters 
not measurable  

through oscillation
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• And would like to…

- Τhe hierarchy of mass states – normal or inverted ordering?

- The existence and degree of CP violation – is it maximal?

- The size and octant of θ23 – is it maximal?

- Quantum nature of neutrinos – is there Majorana content?

- Whether additional sterile and / or heavy neutrinos exist

- Whether PMNS is even unitary or if there is underlying symmetry

• And why PMNS and CKM matrices are wildly different

- What all of this is telling us about new physics

• The field is rich in known unknowns

- If history guides us, there will also be unknown unknowns (discoveries)

- And perhaps some unknown knowns (from tensions in current data)

What we Don’t Know

5 INSS 2025 - LBL experiments7

Precise measurements could 
address big questions

● Is there symmetry or structure to the mixing 
matrix?

● Is there an underlying flavor symmetry? How is 
it broken? What is the origin of neutrino mixing?

● Is there an asymmetry between neutrino 
and antineutrino oscillations?

● Is leptogenesis a plausible explanation for the 
baryon asymmetry of the universe?

● Is the mixing matrix unitary?

● Are there additional neutrino states?

● Is there some other new physics in neutrino 
mixing?
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Why Accelerator Neutrinos?

6

INSS 2025 - LBL experiments8

In principle we can measure matrix 
elements from flavor transitions

● Measure P(να→νβ) and P(να→νβ) for all 

combinations of e,μ,τ as a function of L/E

● Determine the mixing matrix elements for 
neutrinos and antineutrinos

P(νe → νe) solar / reactor disappearance
P(νe → νμ) needs focussed muon beam

P(νμ → νe) accel / atmos appearance

P(νμ → νμ) accel / atmos disappearance

P(νX → ντ) tau detection challenging
P(ντ → νX) no primary tau beams

+ c.c.

•  (and ) are free - so why pay more?

-  where you want, when you want, through what you 
want

• Suppress backgrounds, utilise matter effects

- Known baseline, known composition (ish)

• Near detectors can measure beam before oscillation

- CP conjugation at the flick of a switch (ish)

- Can operate above  /  threshold

• With decent energy resolution

ν ν̄
ν

μ τ
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Mixing Parameters: Future

7 INSS 2025 - LBL experiments19

Future best resolution to PMNS 
parameters

mass ordering

Reactor with L ~ 50 km (JUNO)
Atmospheric
Accelerator long-baseline
Reactor with L ~ 2 km

● Accelerator long-baseline experiments 
are the best way to measure MO, δCP

● Complementary with reactor neutrinos 
on θ13, Δm2

31

● Complementary with atmospheric on 
θ23
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Timeline of Measurements

8

Concha Gonzalez-Garcia 7

3 ν Flavour Parameters: Time Perspective
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Where the field stands today
30 years of oscillations — key questions still open

Current global picture (NuFit 6.1, 2025):
Δm²₃₁ to ~1%, sin²θ₁₃ to ~3%, sin²θ₂₃ to ~5% — 
most parameters at few-% precision
δCP = π/2 excluded at 3σ in both orderings; CPV 
preferred in IO
Mass ordering and θ₂₃ octant still unresolved

JUNO first physics: world-leading θ₁₂ and Δm²₂₁

PMNS unitarity barely tested — a generic window onto new physics.

The next-generation goal
Discover CP violation, fix the mass ordering and octant, and reach sub-percent 
precision — the task for Hyper-K, DUNE and JUNO in the coming decade.

PASCOS 2026 — F. Di Lodovico — NuFit 6.1 (2025); JUNO 2025 8/31
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Short-Baseline Anomalies
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• Several observations 
independently consistent 
with oscillations at 

• Previous ‘reactor 
anomaly’ resolved by 
new flux models

Δm2 ≈ 1 eV2

M. Ross-Lonergan   –   Jan 7th  –  NuPhys 2026 

LSND Anomaly
DAR Anomaly (LSND)

Pion decay-at-restLSND Anomaly
Decay-at-rest

MiniBooNE Anomaly
Decay-in-flight

Gallium Anomaly
Radioactive Source

~4.0𝞂~3.8𝞂 ~4.8𝞂

The Short- Baseline Anomalies

7
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• ,

• Investigate short-baseline 
anomalies

-  disappearance,  
appearance in single detectors

• Direct Search for BSM 
signatures in production / 
interaction

• Measure neutrino cross 
sections (-> DUNE)

• Develop and demonstrate LAr 
TPC technology 
(-> DUNE)

L ∼ 600 m L/E ∼ 1 km/GeV

νμ νe

FNAL Short-Baseline Programme

10
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LAr TPC Event in MicroBooNE

11
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• ‘3+1’  hypothesis 
appears ruled out

- So what’s the 
explanation?

νs

MicroBooNE Results 2026

12

• MicroBooNE’s recent search for sterile 
neutrino is much improved from our previous 
2023 result 

• how have we achieved such improvements?

Jay Hyun Jo

MicroBooNE’s new sterile neutrino search result

8

Nature 648 64-69 (2025)

• MicroBooNE’s recent search for sterile 
neutrino is much improved from our previous 
2023 result 

• how have we achieved such improvements?

Jay Hyun Jo

MicroBooNE’s new sterile neutrino search result

8

Nature 648 64-69 (2025)
Jay Hyun Jo

3+1 Sterile Neutrino Search: degeneracy

13

• we consider three main oscillation channels

} …and these two effects can cancel each other  
at certain oscillation parameters

• BNB and NuMI have different amount of intrinsic :  
BNB with 0.6% and NuMI with 4% 

• using both beams simultaneously breaks this 
degeneracy!

νe

appearance

disappearance

disappearance

νμ νe

νeνe

νμ νμ

beam detector

‘Two beam’ approach mitigates 
cancellation effects
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Sterile Neutrino 3+1 Limits

13

M. Hostert 4

Seesaw

3+1 oscillations Cosmology & -decay kink searchesν Decays in flight & Rare meson decays Colliders

| U
eN
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ms/GeV

  github.com/mhostert/Heavy-Neutrino-Limits

Sterile neutrinos may very well be light particles  
Can be within reach of experiments

E. Fernández-Martínez, M.González-López, J. Hernández-García, MH, J. Lópes-Pavón, 10.1007/JHEP09(2023)001

10×8 10×6 10×4 10×2 100 102

See talks by K. Kelly  &  R. Zukanovich FunchalM. Hostert 4
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E. Fernández-Martínez, M.González-López, J. Hernández-García, MH, J. Lópes-Pavón, 10.1007/JHEP09(2023)001

10×8 10×6 10×4 10×2 100 102

See talks by K. Kelly  &  R. Zukanovich Funchal
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SBND: The SBN Near Detector Two time projection chambers
Total dimension: 4m x 4m x 5m
Total active Ar mass: 112 tons 

E field

Excellent calorimetry and data/MC 
agreement in calibration and PID.

1𝝁1p 𝝂𝜇CC. 2 months 
of data already provide 
discriminating power. 

• Began operation in 2024. Run 2 
completed in June. Large UK 
contributions to construction.

• A sample of ~6M 𝝂-argon 
interactions collected. 
~10x MicroBooNE dataset.  

• Building on predecessor’s 
experience + excellent detector 
performance, first papers coming 
<2 years after start of data taking. 
With systematics already lower 
than previous best. 

• Observable PRISM effect. 
• An important opportunity to 

develop Pandora on 𝝂 data
• As part of SBN will perform a 

comprehensive study of 
short-baseline oscillation 
phenomena

SBND neutrino flux covers DUNE 
atmospheric spectrum enabling model 
improvement before physics start. 
Valuable coverage also over beam spectrum.

SBN

14
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Current Long-Baseline Experiments: T2K

15

C
ou

rte
sy

 S
. K

in
g

L
=

29
5

km
,E

=
0.

6
G

eV
,2

.5
∘ of

f-a
xi

s

2

● T2K excludes CP-conservation at the 95% CL 

● Weak preference for NO 
(Posterior: 78% T2K, 90% T2K+SK)

● Weak preference for θ23 upper octant
● Continued collaboration between

T2K & SK  and  T2K & NOvA
T2K 

Preliminary

T2K Preliminary
provides competitive constraints on δcp , ∆m2

32 , θ13 , θ23

● The biggest improvement in the latest T2K result (@ Neutrino 2026) is due to the improved interaction model
● Interaction model errors still dominate total systematics error (still statistics limited, but increasingly important)

ND280 upgrade - designed to provide precision constraints of neutrino interaction models

Pre-upgrade

𝜈𝜇CC 0π Protons

T2K 
Preliminary T2

K
 W

or
k 

in
 

P
ro

gr
es

s● First analysis level (𝜈𝜇CC inclusive) data 
and  detector systematics were 
showcased at Neutrino 2026

● MC studies for exclusive channels 
presented to demonstrate physics 
capabilities expected from the first analyses 𝜈 𝜇

C
C

:  
SF

G
D

 m
uo

n

Nature 646, 818-824 (2025) P.R.L. 134 011801
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• T2K and NOvA best fits individually favour 
NO

- But for different values of 

- Combined fit (weakly) favours IO!

δCP

Current Long-Baseline Experiments: NOvA

16

3-Flavor Oscillations in NOvA
§  Two complementary oscillation channels at the FD.

Mass Ordering

Octant

dCP

Total events - !	mode
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181 !' 	candidates

1414Zoya       |       NOvA June 23, 2026

§  Both Mass Ordering and dCP term switch signs and create 
asymmetry in  ,$	vs ,̅$	appearance probability. 

sin dCP

Mass Ordering

!! !" #& 
Appearance!! !" 

Normal
Inverted

33Zoya       |       NOvA June 23, 2026

Synergies for measuring Mass Ordering: NOvA + T2K

#499 NOvA-T2K Developments & Machinery:       
Hank Hua

#420 New Directions for NOvA-T2K:  Gavin Davies, 
Veera Mikola, Luiz Prais

To see what’s next for the joint analysis, check out these posters:

Nature 646,  818-824 (2025) 

§ NOvA+T2K joint fit weakly 
prefers IO(Bayes factor 1.3), 
driven by overlap in dCP 
space.

§ Even across different 
baselines MO and dCP 
remain degenerate.

*Highest Posterior Density

*

Normal Ordering Inverted Ordering

L = 810 km, E = 1.8 GeV, 0.8∘ off-axis
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New: JUNO

17

Idea of the JUNO Experiment

Yangjiang NPP 
17.4 GW

Taishan NPP  
9.2+9.2 GW

Daya Bay 
NPP

Huizhou
NPP

Lufeng
NPP

53 km
53 km

Hong Kong

Macau

Guang Zhou

Shen Zhen

Zhu Hai

2.5 h drive

 Use reactor neutrinos to determine the mass ordering (sign of ∆m2
32), independent of 

matter effects and CP phase δ
 Equal distance to two reactor power plants for doubling the ν flux

Previous site candidate
Daya Bay JUNO

Talk by Y.F. Wang at ICFA seminar 2008, Neutel 2011;  
Paper by L. Zhan, Y.F. Wang, J. Cao, L.J. Wen,  
PRD78:111103,2008;  PRD79:073007,2009

3



16-Jul-26 Dave Newbold | Accelerator Neutrino Experiments

• Extraction of  requires exceptional 
control of systematics

- Notably, energy resolution and calibration 
across the entirety of the detector volume

Δm2
23

JUNO

18

JUNO Detector Design
• Target mass of 20 kt liquid scintillator  × 20 KamLAND, × 70 Borexino
• Energy resolution < 3%@ 1MeV > 1200 PE/MeV

Central detector
• Steel structure
• Acrylic sphere + 20kt Liquid 

scintillator
• 17612 20” PMT + 25600 3’’ PMT

VETO system
• Top Tracker: plastic scintillator
• Water + 2400 20’’ PMT + 348 20” 

spare PMTs + 600 8” PMTs from 
Daya Bay

• Earth Magnetic Field shielding coils

Calibration
house

arXiv:1508.07166
Prog. Part. Nucl. Phys. 123(2022), 103927

KamLAND JUNO Ratio
Photon

Statistics
250 

p.e./MeV
1200 

p.e./MeV 5

PMT coverage 34% 75% 2.2
LS 

transparency ~12 m > 20 m ~0.9

Light yield 
(anthracene) 30% 45% ~1.5

Detection 
Eff.(QE×CE) ~15% 30% ~ 2

7

Main technical challenges
 Precise mechanical structure for 

small clearance between PMTs
 Very transparent LS
 High photon eff. PMTs  

AS: ID35.4m

SSS: ID40.1m

43.5m

44m

Chris Marshall - Fermilab colloquium30

The mass ordering is a rapid wiggle 
in JUNO

● JUNO has 
exquisite resolution 
to the frequency of 
the wiggle, which 
is related to Δm2

31

● Mass ordering is 
essentially the 
phase → requires 
unprecedented 
energy resolution 
and calibration

Chinese Phys. C 49 033104 (2025)
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• Headline: NO preferred at  via comparison with LBL measurements∼ 2σ

JUNO Results 2026

19

New Results of Solar Oscillation Parameters

Δm2
21 7.388±0.078 (1.60% 1.06%)

sin2θ12 0.3036±0.0064 (2.8%2.1%)

 Even though the statistical uncertainty is 
dominant, systematic errors become important:
 214Bi bkg. and detection eff. can be improved 

28

First Result of Δm2
31

 Due to statistical fluctuations, JUNO only profiles of Δm2
31 have multiple minima

The final minimum for each mass 
ordering is obtained by using the 
Δm2

31 constraint from the Daya Bay 
result (PRL 130 16, 161802)

Feldman-Cousins (FC) method is used 
to determine the 1σ range of Δm2

31：
~1% precision achieved

Posters: 252, 205

29

[-1.05%，+1.00%] [-1.00%，+1.08%]

Adding Constraint from NuFit-LBL
 Δm2

31 from reactor and accelerator neutrinos should align at the right mass ordering[1]
 Adopt the NuFit-LBL results from [2]: normal mass ordering is favored at Δχ2 = 4.86

[1] H. Nunokawa, S. Parke and R.Z. Funchal, Phys. Rev. D 72 (2005) 013009; Y. F. Li et al., Phys. Rev. D 88, 013008 (2013)
[2] NuFIT 6.0 (JHEP 12 (2024) 216 [arXiv:2410.05380]), www.nu-fit.org and M. Maltoni private communication

Posters: 252, 205

30
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• FASER (on-axis) and SND@LHC (off-axis) experiments probe an unexplored neutrino energy regime

- Broad physics programme at the interface of collider physics, neutrino physics and astroparticle physics.

- Both use a combination of a neutrino target with emulsion films and a downstream spectrometer.

• Cross sections

- DIS for all flavours (LFV); tau neutrinos; non-standard interactions; nuclear PDFs.

• Flux measurements

- Forward QCD (low-x PDFs, intrinsic charm, saturation)

- Astroparticle physics (prompt atmospheric neutrinos, cosmic-ray muon puzzle).

LHC Neutrinos

20
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Recent Highlights

21

Cross section measurements
Flux measurements

Displaced vertex ID  
(neutrino-induced charm)

Electron neutrinos in spectrometer

QCD model interpretations

CERN-FASER-CONF-2026-003

CERN-FASER-CONF-2025-004

arXiv:2606.14669

Phys. Rev. Lett. 134 (2025) 231802CERN-FASER-CONF-2026-004

CERN-FASER-CONF-2026-005, CERN-FASER-CONF-2026-002
CERN-FASER-CONF-2026-005
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Next Generation LBL: Hyper-K and DUNE

22
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• Hyper-K

- Pushes the proven techniques used by T2K to the limit (20x statistics)

- Beam upgrade to 1.3MW; 295km baseline, 2.5deg off-axis

- Large statistics in narrow-band beam -> excellent measurement of 

- First beam neutrino data 2028

• DUNE

- Builds on practical experience of LAr TPC from Icarus, FNAL SBL

- Beam 1.2MW, 1300km baseline, on-axis (sensitivity to 1st / 2nd maximum)

- Matter effect, excellent reconstruction, robust stand-alone measurements as fn(E) 

- First neutrino data 2030, beam from 2031

- DUNE Phase-1 followed by a Phase-II detector additions and beam power upgrade

• Hyper-K and DUNE will measure the same parameters, but in very different ways

- Key goals: Definitive mass ordering and  measurements

- In global fits, will result in ~1% precision tests of the three-flavour model

- Requires exceptional control of systematics for ultimate sensitivity -> emphasis on capable near detectors 

- Also! Non-beam physics! Atmospheric, astrophysical, solar neutrinos. baryon decay; direct BSM sensitivity (near and far detectors)

δCP

δCP

Hyper-K and DUNE

23
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•  sensitivity for 50% of  range in 5y (HK), 11y (DUNE nominal schedule)

- HK sensitivity shown here relies on knowledge of MO (from JUNO / DUNE)

5σ δCP

Sensitivities: δCP

24

Hyper-K and DUNE: comparable, complementary reach
Different baselines, energies and systematics — similar ultimate sensitivity

Capability Hyper-K DUNE

5σ CPV 5σ for ~55% (6 yr) → >60% (10 
yr) of δCP; <3 yr at δCP = −π/2

50% of δCP — 600 kt·MW·yr (10 y)

δCP precision ~6°–20° ~6°–19°

Neutrino 2026 — DUNE 
status (Gollapinni)
• Installation phase 

begun; far-site caverns 
excavated & outfitted 
at SURF; cryostat 
assembly starting

• Both LArTPC 
technologies validated.

• First far-detector data 
~2030

PASCOS 2026 — F. Di Lodovico — Sources: Hyper-K EPJC (2026); DUNE ESPPU (2025) 14/31

Percentage of true δCP values for which CP 
conservation can be excluded vs HK running years
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• DUNE gets to  on MO quickly 
whatever the value of 

- Long baseline and matter effects

• Potential for  measurement via 
multiple routes before DUNE starts

5σ
δCP

∼ 3σ

Sensitivities: Mass Ordering

25

Future determination of mass ordering
Different experiments, different approaches

Independent sensitivities to MO:
Sensitivity vs time; width from uncertainty on 
other oscillation parameters — primarily 
sin²θ₂₃
Early 2030s: many experiments reach 3σ; 
multiple sources and methods
DUNE: 5σ shortly after beam starts (assumes 
sin²θ₂₃ = 0.58; less for smaller values)

Neutrino 2026 — mass ordering (NOvA · JUNO · global)
• NOvA (PRL 136, 01180): NO at 77% (Bayes 3.3); 3-flavour subsample fits consistent — paradigm holds
• JUNO first results (207 d): Δm²₂₁ to 1.06%, first Δm²₃₁ ~1%; NO at 2.3σ; geo-ν 73±11 TNU
• NOvA + JUNO Δm²₃₂: NO ~16× more likely than IO (Bayes 15.74, 1.9σ); global fit near-degenerate but SK & IceCube 

atmospherics pull NO at ~2.5σ
PASCOS 2026 — F. Di Lodovico — Comparison adapted from M. Scott, ESPPU 2025 16/31

Comparison adapted from 
M. Scott, ESPPU 2025.

INSS 2025 - LBL experiments109

Just for fun, the most favorable 
scenario for MO discovery

NO/IO ratio (least favorable)

FHC

● In easy 
scenario, 
NO/IO 
differences 
are more 
than a factor 
of 2

● DUNE has 
>5σ 
significance 
in ~1 year of 
Phase I for 
this scenario

DUNE worst case: CPV – matter effect cancelation
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Construction Status

26

HK Cavern, June 2026

DUNE North Cavern, July 2026
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• Where to push?

- DUNE Phase-II R&D (more , more mass, lower thresholds)

- Address limiting systematics: beam content, cross-sections

• Tagged / known-composition weak-decay beams

- Leverage new facilities in the long term

• Plenty of ideas and work to do, physics impact in 2030s 
and 40s

ν

Beyond the Next Generation

27

Neutrino 
Detector

Lead K⁺
μ

νμ

primary protons

π,K,
p,e

SPS
target

D1

calorimeter
(tube)

40m long decay tunnel 

dump

e⁺
K⁺ π⁰

νₑD2 D3

Beam
Spectrometer

Muon
Spectrometer

D4

Q5 Q6 Q7
Q4

Q1 Q2 Q3

Muon
range
meter

T1 T2 T3 T4 T5 T6

T7 T8 T9 T10nuSCOPE

Fig. 2: The conceptual layout of the muon collider at CERN [1], including the first stage of the high
intensity muon source, from the proton accumulator to the SC Linac, through the cooling channel.

mentum, and polarization are carefully measured.
(b) The beam contains only one type of neutrino and one type of antineutrino, with their identities

controllable by selecting the charge of the stored muons.
(c) The simultaneous neutrino and antineutrino content of the beam is easily identifiable by the sign

of the lepton produced in the interaction.
(d) Overall, these characteristics enable the most precise measurements of ωe, ωµ, ω̄e, and ω̄µ, closing

the gaps in our knowledge of all neutrino cross-sections in this key energy range.

We propose to use at CERN a first stage of the muon collider, including the target station, the
cooling sector, and the initial section of the linear superconducting (SC) acceleration to generate an
intense flux of muons and antimuons at 1.5 GeV/c. The possible location of the facility is shown in
Fig. 2. The subsequent decay of these muons would, for the first time, produce an intense neutrino beam
in the 0.2–1.4 GeV/c range, perfectly centered in the region of interest with the characteristics described
before. A further step in muon acceleration would allow to reach the region of interest for DUNE, i.e.
neutrino energies in the 0.5 to 5 GeV/c.

The ability to identify neutrino types by simply selecting the charge in a magnetized detector
would lead to an exceptionally clean and essentially background-free measurement; as an additional
benefit, muon cooling would result in a neutrino beam that is an order of magnitude more focused than
current ones, allowing for the use of significantly more compact (and less expensive) detectors.

The muon lifetime is approximately 100 times longer than that of a charged pion. As a result, a
linear decay channel similar to those used for producing conventional neutrino beams would, in practice,
be too short to serve as an efficient muon decay channel. This issue can be addressed by using a muon
storage ring with an extended straight section directed towards the desired experimental area. If the
straight sections are significantly longer than the arc segments, circulating muons will spend nearly 50%
of their time traveling through the straight section, effectively enhancing the neutrino beam’s directional
intensity.

4

nuSTORM
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http://www.apple.com/uk
https://arxiv.org/abs/2203.07545
https://arxiv.org/abs/2408.12725
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• The first 70 years of neutrino oscillation physics were

- Demanding; Surprising; Sometimes confusing; Hugely revealing

• By 80th anniversary…

- Major new results from JUNO, Hyper-K, DUNE, many others

- We will know the mass ordering and (hopefully) 

• By 90th anniversary…

- Precision (1%) measurements -> PMNS matrix may be our biggest clue to the new physics

- Stringent constraints on BSM models and cosmology

• By 100th anniversary…

- Access to new and even more capable facilities

• A new long-term ‘golden era’ of neutrino oscillation physics is here – let’s get going!

δCP

Summary
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• The upcoming experiments are in the ‘premier league’

- Complexity, cost, longevity, collaboration size, scientific impact

- Long-term multi-faceted programmes, delivering on the central agenda of fundamental physics

• A step change from the experiments of 20 years ago measuring a limited set of parameters

- Clear strategy, sustained commitment, and long-term planning needed – as for e.g. LHC or SKA

• The UK is not a ‘customer’ of international projects, it is a long-term provider of core expertise and leadership

- Essential that future peer review decisions are based on an up-to-date understanding of the situation

• Future investments

- Punching above our weight – current / past leaders of MINOS, T2K, NOvA, Hyper-K, DUNE, uBooNE, SBND (+ SuperNEMO)

- Cash will be limited for some time – but need to decide the key investments for the 2030s soon

• Priorities

- Promote the UK’s future leadership in this area of science – the scientific returns are substantial and near at hand

- Get the theory community motivated and involved, there is a serious gap here in the UK

- Find ways to provide continuity in our contributions to the future major experiments  – even if some creativity is needed

- Do not ignore long-term R&D! There is much more than can and will be done in the next 70 years!

Thoughts on the UK Programme
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We used to be More Ambitious

31

1 km

Figure 155. Schematic layout of the Neutrino Factory on the HSIC site. The components of the proton
driver are shown in blue, red and orange as in figures 150 and 153, and the HSIC site boundary is shown
in light blue. The area shown in pink is former UKAEA land which would need to be decommissioned.
Norsaq (in Greenland) and the Indian Neutrino Observatory (INO) are possible far detector sites.

configurations may be possible. A tungsten powder target of 50% material fraction has been computed

to deliver the same meson production performance as the mercury jet, by increasing the length to

compensate for the reduced material fraction.

The potential attractions of such a scheme include: intrinsic resilience of grains to beam induced

stress waves and radiation damage; no propagation of stress waves to pipe walls; possibility to re-

circulate material in an external cooling loop; continual reforming of target-material geometry; short

conduction path and consequently good heat transfer characteristics; no cavitation or associated phe-

nomena; and negligible interaction with magnetic fields. Some potential issues that would need to be

addressed for a fluidised powder target system are expected to include: erosion of pipe and container

walls, particularly for recirculation at high velocity in a lean phase; secondary heating and radiation

damage of a pipe wall for the preferred geometry of a contained flowing powder rather than a free jet;

and integration of a powder-recirculation system within the confines of the target station and solenoid

system.

Most of these issues can be studied in an off-line experimental programme, which has already

begun [464]. The RAL test rig is shown in figure 156. The test programme has demonstrated the

feasibility of generating a stable flow regime of tungsten powder at around 40–45% material fraction

in both contained and open jet configurations. The long dimension of the target is horizontal, suitable

for a neutrino factory. An example of an open, 2 cm diameter, tungsten powder jet with a velocity of

3.7 m/s generated by the rig operating at a 2 bar driving pressure is shown in figure 157. A vertical lift
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Neutrino Oscillation
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DUNE CP Measurement
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INSS 2025 - LBL experiments97

DUNE: completely measure 3-flavor 
picture + search for new physics

● DUNE has a very different design 
philosophy from Hyper-K: measure 
oscillations over >1 full period, long 
baseline → parameters are not 
degenerate, measure everything in 
one experiment

● DUNE is a multi-purpose experiment, 
more like a collider detector than 
previous neutrino experiments that 
were largely designed to measure a 
single parameter

● This has many advantages

● More robust to parameter 
degeneracies

● Better long-term precision

● More robust to unexpected results

● Much better sensitivity to new 
physics in neutrino oscillations


