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EU application
submitted in 2017
3 M€ granted for 
the period 2018-2022

All results published 
in an ESSnuSB CDR 
On 6 June 2022

More information on the ESSnuSB site:
http://essnusb.eu/

http://essnusb.eu/
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CDR outline:

1. Linac upgrade
2. Accumulator ring
3. Target station
4. Near  and far detectors
6. Physics performance
7. Costing

CDR published on arXiv 6 June 2022:
https://arxiv.org/abs/2206.01208 

Accepted for publication in European Physical Journal ST

https://arxiv.org/abs/2206.01208
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Schedule for a 2nd generation 
ESS-based neutrino Super Beam ESSnuSB

2012:
Inception of  
the project

2016-2019:
Beginning
of  COST
Action  
EuroNuNet

2018:
Beginning
of  ESSνSB
Design
Study (EU-
H2020)

2022: Endof  
ESSνSB
Design Study, 
preliminary  
costing and 
CDR

2023-2026:
Continuation
of Design 
Study, final 
costing and
an TDR to 
ESFRI

2027-2028:
Preconstructi  
on Phase,  
International  
Agreements

2029-2035:
Construction of  
the facility and  
detectors,  
including  
commissioning

2036-:
Start of data
taking

Nucl. Phys. B 885  (2014) 127
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ESSnuSB layout
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The ESS linac
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H-

Normalconducting part Superconducting part

ESSnuSB addition 

The linac

The merging of the H+ and the H- beams in the MEBT

ESSnuSB addition 
Transfer Line to Accumulator

2.86 ms pulses at 14 Hz pulse frequency increase to 28 Hz, implying an increase of the beam power from 5 MW to 10 MW
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Proton beam

Proton beam window

moderator

target wheel

neutron beam extraction port

monolith vessel

The ESS target



Linac tunnel and target building 2022
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The Accmulator
ring
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Injection with H- stripping

Extraction

β funcion
around
the ring



Detailed schematic of the ESSνSB pulsing scheme
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Beam switch-yard and the target
station
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The Near Detector

14

Near Detector underground station

The super Fine-Grained Detector sFDG



The Far Detector
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ESSnuSB at the second neutrino oscillation maximum
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Coverage of the second oscillation maximum Signal (νe) and background energy distributions



Performance for CPV discovery and δCP measurement
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Discovery potential vs δCP angle after
10 years with 5% normalization error
providing 70% coverage of all δCP vaues

Error in δCP angle vs δCP angle after
10 years with 5% normalization error

Error in δCP angle vs run time
with 5% normalization error

5%



ESSnuSB in the international context – CPV discovery
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ESSnuSB March 2022 with 5% 
normalization error

HyperKamiokande Snowmass March 2022DUNE Snowmass March 2022

5
%



ESSnuSB in the international context – CPV resolution

ESSnuSB March 2022 with 5% 
normalization error

DUNE Snomass March 2022 HyperKamokandeSnowmass March 2022
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DUNE 10 years yellow curve

ESSnuSB 10 years  (rad.)cpδ
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ESSnuSB in the international context –
precision in δCP
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ESSnuSB Cost Esimate

1’382 M€

The cost of civil engineering on the 
ESS site is not included. 

A cost estimate of the civil
engineering will require a detailed
study of the implementation of the
components on the ESS site, that
will be made only in the next phase
of the study.
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ESSnuSB support letters from 4 ESS Director Generals:

Jim Yeck in 2014 John Womersley in 2017 Kevin Jones in 2021 Helmut Schober in 2022

Helmut Schober: ”I would like to reiterate ESS’s continued strong support for exploring the use of neutrinos and muopns
at ESS to create the new physics opportunities by the ESSnuSB initiative as previousely communicated by ESS Director 
Generals in 2014- 2021.”
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The ESSνSB Consortium has produced a comprehensive Conceptual Design
Report (CDR) of the complete ESSνSB neutrino facility proving the feasibility of all
proposed elements. In this CDR, it is demonstrated that the initially foreseen
physics performance has surpassed all earlier expectations by covering after 10
years of data collection more than 70% of δCP with a confidence level of more than
5 σ to reject the no-CPV hypothesis. The expected measurement precision of the
value of δCP is better than 8° for all δCP values, making it the most precise proposed
experiment by a large margin.

ESSnuSB to ESSnuSB+
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1. Design of a racetrack storage ring for 
low energy muons produced with a 
beam from the ESS linac.

2. Design a transfer system from the 
initial collection and extraction of 
pions behind the target station, up to 
the injection point.

3. Design a transfer line from the ESSνSB 
ring-to-switchyard transfer line to the 
nuSTORM target.

4. Design an injection scheme for the 
racetrack storage ring

5. Design a Monitored Neutrino Beam 
(low energy ENUBET)

6. Optimize the performance of the 
ESSνSB accelerator complexCross-section measurements with:

• Low Energy nuSTORM: π⟶ μ ⟶ e+νμ+νe
• Low Energy ENUBET: π ⟶ μ+νμ

Upcoming studies



Thank you
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