
Neutrinos from the European 
Spallation Source (ESS)

Sampsa Vihonen (KTH)

on behalf of the ESSnuSB collaboration

Overview of the physics prospects at ESSnuSB



Introduction and motivation

Sakharov’s three conditions for 
successful baryon asymmetry:

1. Baryon number violation
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Introduction and motivation

Sakharov’s three conditions for 
successful baryon asymmetry:

1. Baryon number violation

2. C and CP violation

3. Departure from thermal
equilibrium

ESSnuSB aims to seach CP violation
in the leptonic sector!



Slide by the courtesy of Tord Ekelöf



About the collaboration

ESSnuSB collaboration

• 92 collaborators

• 20 member institutions

• 11 European countries

ESSnuSB Conceptual Design Report
A. Alekou et al., Eur.Phys.J.ST 231 (2022) 21, 3779-3955



Experimental configuration of ESSnuSB

Major components

1. Main accelerator

2. Accumulator

3. Target station

4. Near detectors



Experimental configuration of ESSnuSB

Main accelerator
• 5 MW proton beam

• 2.5 GeV proton energy

• 2.8 ms beam pulse



Experimental configuration of ESSnuSB

Accumulator
• Shortens beam pulse to 1.2µs

• Reduces atmospheric background



Experimental configuration of ESSnuSB

Target station

• Protons collide to create charged pions

• Neutrinos are generated in pion decays

𝜋+ → 𝜇+𝜈𝜇
𝜋− → 𝜇− ҧ𝜈𝜇

Decay channels:



Experimental configuration of ESSnuSB
Near detectors (END)

• Measure neutrino fluxes and 
neutrino-nucleus cross-sections

• Located 250 m from the target



Experimental configuration of ESSnuSB
ESSnuSB far detectors
• Neutrino detectors are placed inside 

the mine in Zinkgruvan

Baseline length:
𝐿 ~ 360 km



Experimental configuration of ESSnuSB
ESSnuSB far detectors
• Neutrino detectors are placed inside 

the mine in Zinkgruvan

Far detector specifics:
▪ Two cylindrical vessels
▪ Water Cherenkov
▪ 540 kt fiducial mass
▪ 1000 m underground



Experimental configuration of ESSnuSB

High-precision cross-
section measurements
• LEnuSTORM: Low-Energy neutrino

from STORed Muons

• LEMNB: Low-Energy Monitored
Neutrino Beam

(2023-2026)



Upgrades to the ESS facilities

• Foil stripping: a widely
used method

• Laser stripping: under
development at SNS

• Direct proton injection: 
under study at ESS



Target station



ESSnuSB near detectors (END)

Composition:
• NINJA-like emulsion detector (Viking) to measure 

final-state topology and cross-sections

• Magnetized Super Fine-Grained Detector (SFGD) 
to measure neutrino cross-sections

• Water Cherenkov detector to measure event 
rates for flux normalization



ESSnuSB far detectors (FD)

Detector design:
• Two identical Water Cherenkov

detectors with 540kt mass

• Equivalent to 20 x Hyper-K

• Readout: 2 x 38k 20” PMTs, 
~30% optical coverage

Performance: 
• Detector efficiency > 85%

• Flavor misidentification < 1%

74 m

74 m

270 kt 270 kt

Location: 1000 m of rock overburden

74 m

74 m



Scientific goals
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ESSnuSB aims to measure
the leptonic CP phase near
the 2nd oscillation maximum
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Neutrino energy (GeV)

𝜈𝜇 → 𝜈𝑒
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ESSnuSB aims to measure
the leptonic CP phase near
the 2nd oscillation maximum

1st oscillation maximum:
▪ Smaller sensitivity to 𝛿CP
▪ Matter effects can mimic CP violation

2nd oscillation maximum:
▪ Larger sensitivity to 𝛿CP
▪ Matter effects insignificant

𝜈𝜇 → 𝜈𝑒



Scientific goals

Sensitivity to CP violation:

• CP violation can be confirmed
for > 70% of 𝛿CP values at 5𝜎 CL

• This is made possible by access
to the 2nd oscillation maximum

• The result is unaffected by
neutrino mass ordering



Scientific goals

Sensitivity 𝛿CP value:

• 𝛿CP can be measured by at 
least 9° resolution at 1𝜎 CL

• Based on a conservative syste-
matic uncertainty assumption, 
may be subject to improve

• Complementarity from
atmospheric neutrinos



Atmospheric neutrinos

Atmospheric neutrinos are produced in cosmic-
ray interactions inside the Earth’s atmosphere

Excellent sensitivity to physics that
benefit from strong matter effects

A Monte Carlo study has been carried out for ESSnuSB FD: 
ESSnuSB collaboration (J. Aguilar et al.), JHEP 10 (2024) 187



Solar neutrinos

ESSnuSB could help to resolve some of the
questions on neutrinos emited by the Sun:

• Observation of hep neutrinos:

• Discrimination from background

• Expected events: 370 neutrinos / day



Solar neutrinos

ESSnuSB could help to resolve some of the
questions on neutrinos emited by the Sun:

• Observation of hep neutrinos:

• Discrimination from background

• Expected events: 370 neutrinos / day



Solar neutrinos

ESSnuSB could help to resolve some of the
questions on neutrinos emited by the Sun:

• Observation of hep neutrinos:

• Discrimination from background

• Expected events: 370 neutrinos / day



Supernova neutrinos

• When a massive star collapses into a supernova, it emits an immensely large
number of neutrinos

• With its large fiducial mass, ESSnuSB far detectors could help to determine
the correct flux model for supernova neutrinos

Events per model:

Detection channel:

Livermore GKVM Garching

148,686 88,528 51,068







Conclusions

• ESSnuSB aims to measure the leptonic CP phase by observing neutrino
oscillations at the 2nd oscillation maximum

• The first phase (3M€ granted) of the ESSnuSB conceptual design study (2018-
2022) was successfully concluded with focus on long-baseline neutrino program

• The second phase (3M€ granted) is currently on-going (2023-2026) and focuses
on high-precision cross-section measurements

• A third phase (4M€ requested) has been proposed (2027-2030) and it shall focus
on the design of the far detector facilities in Zinkgruvan

• ESSnuSB is currently planned to begin construction around 2032 and start data 
taking around 2040



Collaboration annual 
meeting – Milos 2025



Proton driver layout



ESSnuSB in the global context

∆𝛿CP = 8°



Neutrino fluxes at 100 km distance

Neutrino mode Antineutrino mode



ESS Linac before and after upgrades

NOMINAL ESS 
PARAMETERS

ESSnuSB
upgrade
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