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European Spallation Source
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under construction phase

(~2 Bú facility)

Neutron facility



ESS proton linac
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Å The ESS will be a copious source of 
spallation neutrons.

Å 5 MW average beam power.

Å 125 MW peak power.

Å 14 Hz repetition rate (2.86 mspulse 
duration, 1015 protons).

Å Duty cycle 4%.

Å 2.0 GeV protons

o up to 3.5GeV with linacupgrades

Å >2.7x1023 p.o.t/year.
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European Spallation Source
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European Spallation Source as 

Neutrino Facility
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Oscillation probability
(neutrino beams)

6

"solar"

"atmospheric"

"interference"

matter effect

Å ŭCPdependence, 

Å sizable matter effect for 

long baselines

Å for antimatter: ŭCPŸ-ŭCP and aŸ-a

Å fake matter/antimatter asymetry due to matter effect
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Matter-antimatter asymmetry



Use all this ESS linac power to go 

to the 2nd oscillation maximum
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but why?



Neutrino Oscillations with "large" ɗ13
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more sensitivity at 2nd oscillation max.
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2nd oscillation maximum

ɗ13=8.8º
("large" ɗ13)

L/E

(arXiv:1110.4583)

for "large" ɗ13

1st oscillation 

maximum is 

dominated by 

atmospheric 

term 
CP interference

solar

atmospheric

ɗ13=8.8º

L/E

Å1st oscillation max.: A=0.3sinŭCP

Å2nd oscillation max.: A=0.75sinŭCP (see arXiv:1310.5992 and arXiv:0710.0554)

dCP=-90
dCP=0
dCP=+90

http://lanl.arxiv.org/abs/1110.4583


Having access to a powerful 

proton beamé

UCSB, 29/02/2023 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 9

What can we do with:

Å5 MW power

Å2 GeV energy

Å14 Hz repetition rate

Å1015 protons/pulse

Å>2.7x1023 protons/year

p ì

decay tunnel
proton 
beam

target

hadrons

hadronic collector
(focusing)

Detector

physics

p ­m+n
ἆB

conventional neutrino (super) beam

at 100 km from the target, per year (in absence of oscillations)

Åalmost pure ɜɛbeam

Åsmall ɜe contamination 

which could be used to 

measure ɜe cross-sections in 

a near detector

"neutrino mode" "anti-neutrino mode"



Oscillations to be studied
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Can we go to the 2nd oscillation maximum 

using our proton beam?
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Yes, if we place our far detector at 350- 550 km from the neutrino source.

Megaton Water Cherenkov detector

ÅNeutrino Oscillations

ÅProton decay

ÅAstroparticles

ÅUnderstand the gravitational collapsing: galactic SN ɜ

ÅSupernovae "relics"

ÅSolar Neutrinos

ÅAtmospheric Neutrinos

Å500 kt fiducial volume (~20xSuperK)

ÅReadout: ~20ò PMTs

Å30% optical coverage



Neutrinos in the far detector
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540 km (2.5 GeV), 10 years

below ˄ p̱roduction, almost only QE events, not suffering too much by 0̄ background

neutrinos anti-neutrinos

5 years 5 years
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2nd Oscillation max. coverage
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ESS modifications to 

produce a neutrino Super 

Beam
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How to add a neutrino facility?
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Å The neutron program must not be affected and if 

possible synergetic modifications.

Å Linac modifications: double the rate (14Hz Ÿ 

28Hz), from 4% duty cycle to 8%.

Å Accumulator (C~400 m) needed to compress to 

few ɛs the 2.86 msproton pulses, affordable by 

the magnetic horn (350kA, power consumption, 

Joule effect)

Å H- source (instead of protons),

Å space charge problems to be solved.

Å ~300 MeV neutrinos.

Å Target station.

Å Underground detector.

Å Short pulses (~ɛs) will also allow DAR and 

coherent scattering experiments (as those 

proposed for SNS) using the neutron target.



Which baseline?

UCSB, 29/02/2023 M. Dracos, IPHC-IN2P3/CNRS/UNISTRA 16

Å ~60% ŭCPcoverage at 5 ůC.L.

Å >75% ŭCPcoverage at 3 ůC.L.

Å systematic errors: 5%/10% (signal/backg.) 

CPV (Nucl. Phys. B 885 (2014) 127)
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Candidate active mines
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ÅGarpenberg mine
ï Distance from ESS Lund 540 km
ï Depth1200 m 
ï Truck access tunnel

ÅZinkgruvan mine
ï Distance from ESS Lund 360 km
ï Depth1500 m 
ï Truck access tunnel

Granite drill cores

Lund

Zinkgruvan
(360 km)

Garpenberg
(540 km)

Garpenberg

Zinkgruvan

possible location of MEMPHYS in
Zinkgruvan mine



ESSɜSB EU-H2020 Design 

Study and feasibility
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ESSɜSB at the European level
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Å A H2020EU Design Study (Call INFRADEV-01-2017)

Å Title of Proposal: Discovery and measurement of leptonic CP violation using an intensive 

neutrino Super Beam generated with the exceptionally powerful ESS linear accelerator

Å Duration: 4 years

ÅTotal cost: 4.7 Mú

ÅRequested budget: 3 Mú

Å 15 participating institutes from

11 European countries including CERN and ESS

Å 6 Work Packages

Å Approved end of August 2017

ESS˄SBBENE (2004-
2008)

ISS (2005-
2007)

EURO˄
(2008-2012)

LAGUNA 
(2008-2010)

LAGUNA-
LBNO (2010-

2014)

COST Action 
CA15139 

(2015-2019)



Design Study ESSɜSB
(2018-2022)
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partners: IHEP, BNL, SCKÅCEN, SNS, PSI, RAL, NU

More information on:
http:// essnusb.eu/

now finished end of March 2022

http://essnusb.eu/


ESS modifications and operation
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H- source time operation option

injection

RF

extraction

collimation

accumulator lattice

Switchyard

beam dump

target/horn x4

horn power supply



Split 

Proton 

Beam

Neutrino 

Beam 

Direction

Collimators
Horns and 

Targets Decay Volume

(He, 4x4x25 m3)

Beam Dump

8 m concrete

General Layout of the target station
(inspired by J-PARC)
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Horn 

Support 

Module

Shield 

Blocks



Detectors
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astroparticle physics program 
with the Far Detector

Near detector

electron-muon separation

7
5

 m



After many Optimisations
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Å New Magriation Matrices for the far detector
Å Genetic Algorithm for Target Station optimisation

WC detector

horn optimisation

(using T2K-like reconstruction algorithm)
e˄ reconstruction efficiency

"old"

"new"



Improvements and Optimisations
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360 km540 km

360 km540 km
ESSnuSB

Å ɗ12 = 33.44°

Å ɗ13 = 8.57°

Å ɗ23 = 49.2°

Å ȹm2
21 = 7.42e-5

Å ȹm2
31 = +2.52e-3

Å 2nd osc. max.

Å 507 ktons far detector

https://arxiv.org/abs/2107.07585

https://arxiv.org/abs/2107.07585


Final results
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>72% after 10 years

Precision measurement

ɲ CɻP<8° for all values

equivalent to Neutrino Factory



Performance versus time
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Already after 5 years very competitive performance

DUNE HyperK

discovery

precision



ŭCP and model predictions
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https://arxiv.org/abs/1410.8056

https://arxiv.org/abs/1410.7573

Test of flavour symmetry models:
Typically, the models considered have a 
reduced number of parameters, leading to 
relations between the masses and/or 
mixing angles.
Examples are the so-called sumrules, e.g.:

https://arxiv.org/abs/1410.8056
https://arxiv.org/abs/1410.7573


Final ESSɜSB facility 

configuration
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near detector

target stationaccumulator

Conceptual Design Report

far detector

https://arxiv.org/abs/2206.01208

European Physical Journal Spec. Top.231, 3779ï3955 (2022). 

https://doi.org/10.1140/epjs/s11734-022-00664-w

https://arxiv.org/abs/2206.01208
https://doi.org/10.1140/epjs/s11734-022-00664-w


Supporting institutions of 

ESSɜSB
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ÅCOST Action EuroNuNet(CA15139): ended March 2020

Åhttps://euronunet.in2p3.fr

Åvideo for scientists: 
https://www.youtube.com/watch?v=PwzNzLQh-Dw

ÅEU-H2020 Design Study ESSS˄B: on goingup to March 2021 (3 
monthsextension due to COVID19)

Åhttps://essnusb.eu

Åvideo for general public: 
https://www.youtube.com/watch?v=qAnvft0nAlg

https://euronunet.in2p3.fr/
https://www.youtube.com/watch?v=PwzNzLQh-Dw
https://essnusb.eu/
https://www.youtube.com/watch?v=qAnvft0nAlg
https://www.youtube.com/watch?v=PwzNzLQh-Dw
https://www.youtube.com/watch?v=qAnvft0nAlg


muonsat the 
level of the 
beam dump
(per proton)

y 
(c

m
)

x (cm)
4.2x1020 /˃year
(16.3x1020 for 4m2)

4.1x1020 /˃year

Muons at the level of the beam dump
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2.7x1023 p.o.t/year

muons/proton

<E˃>~0.5 GeV
<L˃ >~3 km

10-3

Å input beam for future 6D m cooling 
experiments,

Å low energy nuSTORM,

ÅNeutrino Factory,

ÅMuon Collider.

more than 4x1020 /˃year from ESS 
compared to 1014 u˃sed by all 
experiments up to now (1018 f˃or 
COMET in the future).



ESSɜSB and (R&D) synergies
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