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European Spallation Source
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World’s most powerful neutron research facility, Lund, Sweden. 

ESS 2014-03-07!M. Eshraqi 
April 2-3 

THE ESS LINAC 

Spokes Medium  High  DTL MEBT RFQ LEBT Source HEBT & Contingency Target 

2.4 m 4.6 m 3.8 m 39 m 56 m 77 m 179 m 

75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV 

352.21 MHz 704.42 MHz 

Length (m)! W_in (MeV)! F (MHz)!  Geometric! No. Sections! T (K)!
LEBT! 2.38! 0.075! --! --! 1! ~300!
RFQ! 4.6! 0.075! 352.21! --! 1! ~300!
MEBT! 3.81! 3.62! 352.21! --! 1! ~300!
DTL! 38.9! 3.62! 352.21! --! 5! ~300!

LEDP + Spoke! 55.9! 89.8! 352.21! 0.50 (Optimum)! 13! ~2!
Medium Beta! 76.7! 216.3! 704.42! 0.67! 9! ~2!

High Beta! 178.9! 571.5! 704.42! 0.86! 21! ~2!
Contingency! 119.3! 2000! 704.42! (0.86)! 14! ~300 / ~2!

Upgrade! 59.6! 2000! 704.42! (0.86)! 7! ~300 / ~2!

Total cost: 1843 MEuros

First beam on target: 2019-2024

Credit: Adli FYS4565

High Power
Linear Accelerator:

– Energy: 2 GeV
– Rep. Rate: 14 Hz
– Current: 62.5 mA
- Length: about 600 m

          Target Station:
– He-gas cooled rotating
       W-target

- 5 MW average power
– 42 beam ports

Ion Source

16 Instruments in Construction budget

Committed to deliver 22 instruments by 2028

Peak flux ~30-100 brighter than the ILL



ODIN

DREAM

NMX

MIRACLES

BEER

C-SPEC

T-REX
MAGIC

BIFROST

HEIMDAL

FREI
A

LoKI

SKADI

VESPA

ESTIA

World-leading neutron-scattering instruments 
for science in Europe

Life science

Soft condensed matter

Chemistry of materials

Energy research

Magnetism and superconductivity

Engineering and geo-sciences

Archaeology and heritage conservation

Fundamental and particle physics
Credit: https://confluence.esss.lu.se/display/SD/ESS+slides  
‘2017 ESS Instruments overview 3.pptx’

https://confluence.esss.lu.se/display/SD/ESS+slides


UiO In-Kind Accelerator Contributions

Target Imaging Systems
Tuning Dump Imaging Systems
Image Processing with FPGAs
Beam Diagnostics and Failure Studies

Credit: Adli Nov 2017, Sjobak Sep 2022,
Fackelman 2022



Rotating 
33 sector 
tungsten 

target
       

Proton Beam 
Instrumentation 
Plug

Proton 
Beam 
Window

Proton Beam Instrumentation Plug

Beam position 
monitor (BPM)

Optics 
for 
Target 
imaging

Optics 
for 
Proton 
Beam 
Window 
imaging

Aperture
monitor

Multi-wire 
grid

Upstream: position, current, aperture, and loss monitorsUpstream: position, current, aperture, and loss monitors

Target Systems: inside the monolith
Two systems at the target :Beam Profile Monitors inside a 5 MW target area

Credit: Adli Nov 2017



Target Imaging System Prototype
• Prototype constructed at Oslo
• Invaluable for tolerance and 

alignment studies
• Performance assumptions verified 

(resolution of 1 mm)

Credit: Adli Nov 2017



Tuning Dump Imaging Systems

Credit: Adli Nov 2017



Simple optical system, cameras in tunnel

• Radiation studies points to optimal camera locations (high alcoves inside wall)
• Keeps optical system simple.  
• Access to replace cameras and parts has been studied
• Multiple-screen actuator system design, based on proven accelerator technology
• Interfaces with vacuum vessel and dump well understood, due to continuous dialog Oslo (Ibison) 

and Cockcroft

Credit: Adli Nov 2017



Screen Actuator & Camera

Credit: Gjersdal LINAC22, Sjobak https://confluence.esss.lu.se/display/PBIIMG/2022-06-16+UiO+to+ESS+trip



Screen Actuator & Camera

Credit: Gjersdal LINAC22, Sjobak https://confluence.esss.lu.se/display/PBIIMG/2022-06-16+UiO+to+ESS+trip



Screen Actuator & Camera

Credit: Gjersdal LINAC22, Sjobak https://confluence.esss.lu.se/display/PBIIMG/2022-06-16+UiO+to+ESS+trip



Screen Actuator & Camera

Credit: Gjersdal LINAC22, Sjobak https://confluence.esss.lu.se/display/PBIIMG/2022-06-16+UiO+to+ESS+trip



Image Processing with FPGAs
 UiO-developed camera systems will be staring at 

the Proton Beam Window, the main target, and 
tuning dump screens

 Images to be used for beam interlock
=> Analysis in real-time and time-critical! 14Hz!

 Fast analysis to be done on FPGA: 
 Peak current density
 Fraction of beam outside the expected footprint
 Image correction for optical aberrations and camera 

noise etc.
 On-chip SOC running Linux to be used

to control the FPGA and cameras
 EPICS on Linux used to make images

available to accelerator operators
 FPGA image extraction and basic filtering has 

been implemented, Linux system in development 
based on Xilinx/AMD PetaLinux

Credit: Sjobak Sep 2022 https://cernbox.cern.ch/index.php/s/5nNktqkSg6rsi5v



Beam Diagnostics and Failure Studies

Credit: Fackelman 2022 https://confluence.esss.lu.se/display/PBIIMG/Beam+Dynamics+and+Failure+Studies



Beam Diagnostics and Failure Studies

Credit: Fackelman 2022 https://confluence.esss.lu.se/display/PBIIMG/Beam+Dynamics+and+Failure+Studies

Credit: Thomas 2021




Beam Diagnostics and Failure Studies

Credit: Fackelman 2022 https://confluence.esss.lu.se/display/PBIIMG/Beam+Dynamics+and+Failure+Studies

Credit: MiniScatter, Sjobak



Beam Diagnostics and Failure Studies

Credit: Fackelman 2022 https://confluence.esss.lu.se/display/PBIIMG/Beam+Dynamics+and+Failure+Studies

Credit: MiniScatter, Sjobak



Beam Diagnostics and Failure Studies

Credit: Fackelman 2022 https://confluence.esss.lu.se/display/PBIIMG/Beam+Dynamics+and+Failure+Studies

Credit: MiniScatter, Sjobak



Beam Diagnostics and Failure Studies

Credit: Fackelman 2022 https://confluence.esss.lu.se/display/PBIIMG/Beam+Dynamics+and+Failure+Studies

Credit: MiniScatter, Sjobak



Current Stage

Credit: https://europeanspallationsource.se/media-bank

Pictures from me
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Current Stage

Credit: https://europeanspallationsource.se/media-bank

Pictures from me



Current Stage: UiO ESS Visit June 2022

Credit: Fackelman 2022



Current Stage: UiO ESS Visit June 2022

Credit

Credit: Fackelman 2022



Current Stage: Beam Commissioning

Credit: https://confluence.esss.lu.se/category/acc

~3ms pulse!

Approaching full 
62.5mA!



Current Stage: Coating of Target Wheel

ESS Chromia Alumina

Brodmann Chromia 
Alumina as in SNS

Credit: Thomas May 2022
ESS YAG



Coming Soon…



Coming Soon…

Beam On Target!!!

ESS is committed to all instruments being operational by 2028

Originally planned for December 2019, now looking like June 2024



Norway’s Future Involvement in ESS?

Beam On Target!!!

ESS is committed to all instruments being operational by 2028

Originally planned for December 2019, now looking like June 2024



Extras



Extras   ESS → ESSvSB

 ESS (construction of buildings and landscape is completed)
 ESSvSB [3M€ from 2018 - 2022]

 Aim: feasibility study of producing neutrinos from protons at the ESS linac 
and measure oscillations at the 2nd maximum with large water Cherenkov 
detectors in existing mines in northern Sweden

 Outcome: A Conceptual Design Report (CDR) published on June 6th 2022  
[arxiv:2206.01208]

 After 10 years of data taking covering more than 70% of δCP with a 

confidence level of more than 5σ to reject the no-CPV hypothesis
 Measurement precision of δCP is better then 8o for all δCP values

M. Dracos, IPHC-IN2P3/CNRS/UNISTRACredit: Eirik Gramstad

https://arxiv.org/pdf/2206.01208.pdf


Extras   ESS → ESSvSB+

 ESSvSB+ [3M€ through Horizon Europe - 4 years]
 accepted by EU in June this year

 Study of civil engineering at ESS and mining
 Low energy (LE) nuSTORM facility which will provide 

νe and νµ beams from the decay of low energy muons 

confined within a storage ring
 measure cross-sections [low energies]
 sterile neutrinos

 Low energy monitored neutrino beam (LEMNB)
  Investigate Cross-sections!

 Explore additional physics opportunities with LEnuSTORM and 
LEMB

ESSvSB+ provides a strong physics programme in the 
construction phase of ESSvSB

Credit: Eirik Gramstad



Extras
The ESS project:
Utilizing a broad spectrum of Oslo resources.  Increasing Oslo competence for 
future participation in accelerator projects.

Oslo personnel involved 
in the ESS In-Kind delivery.

Credit: Adli Nov 2017



Extras
Note, the baseline 
solution : same 
chemistry for 
scintillators as used at 
CERN ("Chromox")

The accelerator community,  worldwide, seems to have not pushed scintillator development the last 
few decades.  Opportunity to make progress?

Cr:Al2O3
Cr:Al2O3

Credit: Adli Nov 2017



Extras Other risks to the system

• Target atmosphere specifications changed (or, concretized) from 1 atm He, to "0.1 – 1 
mbar air".  Not received any formal specification document (still under discussion?)

• Poor vacuum has seemingly lead to corrosion at SNS and KEK
• At SNS the corrosion has lead to critical failure of their imaging system
• Protective coating may help, however, risk for schedule delay
• Strategy: tests of protective coating (acid, radiation) together with SNS

Credit: Adli Nov 2017



Extras Studies and selection of optimal cameras: target

Main criterion for target systems: maximize sensitivity.
x 10 more expensive than for dump: several factors 
better sensitivity, different interface (CameraLink)

Credit: Adli Nov 2017
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