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The ESS facility
European Spallation Source ð5 MW proton power on target
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2 GeV*62.5mA*2.86ms*14HzĄ5MW
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ESS history
From neutron users to INFN contribution to accelerator
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2007-2008

ESFRI receives 

applications from 

Hungary, Spain 

Sweden ministries 

for hosting the 

ESS.

2009

Meeting of 

Ministries in 

Bruxell.

Lund selection .

æ100 milion Euro 

from Italy.

IK developments for 

INFN: Ion Source, 

Drift Tube Linac, 

Super Conducting 

Cavities



The ESS project

CELONA, GRESPAN, SERTORE - INFN ACCELERATORI - COSENZA 5

3.14 Gû investment, 35% in-kind
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ri-portfolio.esfri.eu/ ri-portfolio/portfolio -editions/2024-first-edition/catalogue/ess/

Å ESS became a European Research Infrastructure 

Consortium (ERIC) in 2015.

Å Supported by 13 member countries through cash and 

In-Kind contributions.

Å Technical components built at more than 40 European 

research institutes.

Å Contribution of know -how from more than 100 

laboratories and experts worldwide.

(2024)

IK partners are involved in the facility 

configuration baselines up to the Verified 

Baseline.

īAs-designed baseline, to be established 

before a successful Critical Design Review 

(CDR) Ą ready to be built

īAs-verified baseline, to be established 

before a successful System Acceptance 

Review (SAR) Ą ready for 

commissioning with beam

īAs-operated baseline, to be established 

before a successful Operations Readiness 

Review (ORR). Ą ready for routine 

operation

https://ri-portfolio.esfri.eu/ri-portfolio/portfolio-editions/2024-first-edition/catalogue/ess/
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ESS status
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Accelerator (2nd beam on dump) and Target
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Moderator damaged after a power glitch in Nov 2025.

Water flow stop Ą ice build-up inside the water moderator 

channels that fully blocked the cooling channels and 

cracked.

2nd moderator (spare already in production) to be installed 

at end 2026. 

Beam on Target postponed to early 2027.



Italy and ESS
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The IK contributions to the accelerator

Italy is a founding member of European Spallation Source ERIC with a total 

contribution of 110.186 Mû which includes 6.186 Mû of preconstruction.

Construction Contribution is 104 Mû.

Elettra, INFN and CNR are the three Institutions committed to the 

realization of the Italian in -kind contribution for the construction of ESS.

Elettra: accelerator for æ 29.650 Mû.

INFN: accelerator and ICS for æ 33 Mû.

CNR: beam lines and experimental stations for æ20 Mû.

According to the agreements between MIUR and the three Institutions, 

INFN is the Representing Entity for Italy in the ERIC.

Each institutions has the technical responsibility of the realization of the 

contribution.

2025- 03- 26



ESS High Intensity Proton Source & LEBT
INFN IK: ISRC & LEBT layout
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ESS High Intensity Proton Source & LEBT
The PS-ESS source requirements

Ion source requirements:

Å Output Beam Energy: 75±5 keV
Å Energy adjustment±0.01 keV
Å Total beam current>90 mA 
Å Proton current 74 mA
Å Proton fraction >75%
Å RF Frequecy/Power 2.45 GHz / 2 kW
Å Pulse length / flat top: 6 ms/ 3 ms
Å Repetition rate 14 Hz
Å Pulse to pulse stability ±3.5 %
Å Flat top stability ±2 %
Å Reliability 99%@74 mA
Å Transverse emittance (rms-norm.) < 0.25 p.mm.mrad
Å Beam divergence  <80 mrad
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INFN-LNS has a long expertise in the realization of 

high intensity proton sources (TRIPS, VIS). 

PS-ESS represents the state of art of actual high 

intensity proton sources and resume the solutions 

studied and developed in 30 years.

Flexible magnetic system

2.45 GHz injection

Plasma Chamber

Tetrode extraction 

system (VIS/LEDA like)
Extraction 

column



Procurement and fabrication
Involvement of Italian industries
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Insulation column
Platfom and LEBT supports

Extraction System
Adjustable system for IS

PS-ESS Plasma Chamber

Diagnostic Tank

LEBT IRIS & Collimator
HV&GND 

controls



PS-ESS characterization @ INFN-LNS
Test at LNS: finding candidates for nominal operation set point.
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Faraday 

Cup

Source 

drain

Ripple

Increasing the plasma density, the meniscus 
concavity and the divergence of the extracted beam 
increase. IBSimusimulationsshow a good 
agreement with experimental data.

* Candidate set points *

INPUT Parmeters: Power, H2 flow, COIL1, COIL2 and COIL3 currents

The magnetic system flexibility with a dedicated 
interface enabling the direct control of magnetic 
ŦƛŜƭŘ ǇǊƻŦƛƭŜ ōȅ ǎŜǘǘƛƴƎ ƻŦ ǘƘŜ ŎƻƛƭǎΩ ŎǳǊǊŜƴǘΦ



PS-ESS Nominal configuration
Test at LNS: PS-ESS source stability test
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Intra-pulse stability < ±2%

Pulse to pulse stability < ± 3.5%

Doppler shift measurements

RF power



Emittance measurements & LEBT simulations
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Measured and simulated values of Faraday cup currents, normalized rms emittance 

and Twiss parametrs vs. solenoid 2 current  (solenoid 1 = 300 A)

Transmitted current through the LEBT as a function of the solenoid 

strenghtsfor 3 different levels of SCC (black circle indicates setting of 

measurements).

FAT: IS and LEBT test



PS-ESS transportation & assembly in Lund
Strategic Management for Delivery and Installation of PS-ESS at Lund
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Dismantling
(LNS Catania)

Transport
(Catania-Lund)

Installation
(ESS Lund)

Nov 17
Dec 17

Feb 18

19 workdays



ISRC and LEBT at ESS
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Recommissioning in Lund

RFQ voltage scan as EMU

Problem identified with measurement of beam divergence.

Space Charge and Electron Confinement in High Current Low Energy Transport Lines: Experience and 

Simulations From IFMIF/EVEDA and ESS Commissioning

https://proceedings.jacow.org/linac2022/talks/tupori29_talk.pdf
https://proceedings.jacow.org/linac2022/talks/tupori29_talk.pdf


PS-ESS proton beam parameters
Requirements and measured parameters in operating conditions
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Very high current

Easy operability

High reproducibility

Long term reliability

High stability

Low maintenance time

Parameter Value requested Value measured

Beam energy 75±5 keV 75 keV

Energy adjustment ±0.01 keV ±0.01 keV

Total beam current >90 mA 40 - 140 mA 

Nominal proton beam current 74 mA 40 - 105 mA

Proton beam current range 67-74 mA 40 - 105 mA

Proton fraction >75% Up to 85%

Pulse length 6 ms 6 ms

Pulse flat top 3 ms 3 ms

Flat top stability ±2 % < ±2 % up to 1.5% 

Pulse to pulse stability ±3.5 % < ±3.5 % up to 3%

Repetition rate 14 Hz 14 Hz

Transverse emittance (99%) 0.25 pmm mrad 0.22 pmm mrad @ 82 mA

Beam divergence (99%) <80 mrad 50 mrad @ 82 mA

Start-up after source 

maintenance

32 hours 32 hours



ESS Drift Tube Linac
In-Kind contribution of INFN (2015)

Main Normal Conducting Accelerator component:
Å Length: 40 m
Å Output Beam Energy: 90 MeV (protons at 40% speed of light)
Å Output Beam Power: 225 kW (5.625 MW peak)
Å FoDoLattice with Permanent Quadrupole Magnets (PMQ)
Å Beam Position Monitors and Dipole correctors in empty Drift Tubes
Å LƴǾŜǎǘƳŜƴǘΥ мт aϵ
Å Local CS also provided in a separated IK contract
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Rough timeline of the DTL project

CELONA, GRESPAN, SERTORE - INFN ACCELERATORI - COSENZA

INFN-LNL (physical design, testing and technical coordination) and INFN-

TO (mechanics and integration), INFN-PD (technical)
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Unitaõ di personale

INFN LNL 16

ÅDiv. Acc. 10

ÅOfficina Meccanica 4

ÅDiv. Ric. 2

INFN TO 8

Å5 tecnologi

Å3 tecnici

INFN PD 1 tecnico

Å 25 staff units, FTE: min 1, max 

7 (42 person -years)

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

design

prototyping

main tenders

Main production in Italy

assembly @ESS

Tunnel installation

Commissioning



Costs and industrial partners
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Main contracts

Procurement Reference supplier
STAILESSSTEELMODULES METALCAM

MACHININGMODULE CINEL

CU-PLATING CERN-GSI, TOBALDINI, CROMOFLESH

PMQ ELYTT

BPM CINEL-ZANON

STEERERS DANFISIK

FORGEDCOPPER LECUIVRE

DRIFTTUBE CINEL, UMAS, ZANON

MILLINGMACHINE DMG MORI

POWERCOUPLERS CECOM

TUNERMOBILI CINEL

RF WINDOWS MEGA INDUSTRIES

SUPPORT C&G ENGINEERING

GASKET(HELICOFLEX) ITALSEAL

TUNERS, PICKUPSANDPOSTCOUPLERS CINEL

COOLINGSKID S. MARCOIMPIANTI

COOLINGMANIFOLD HYSITECH

ENDPLATES CINEL

Spending profile (contracts > 100 kû)



Design phase
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Design, production strategy, installation scheme
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*   Total power = 1.25 ĬPower on copper + Beam Power < 2.2 MW.
** MDTfishcalculation, no margin.

1. Physical design in 5 tanks, 90 MeV, 2.3 MW peak power each

2. 160 drift tubes produced at INFN premises

3. Assembly in Lund, in a dedicated workshop
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Machining, brazing, metrology, EBW, integration of Beam Items ĄQ.A.

2025- 03- 26

Å 155 +spares Drift Tubes internally produce at INFN
Å Mech. Workshop of LNL and TO
Å Brazing at LNL
Å Machining post brazing for precise positioning of 

PMQ (<0.05mm)
Å E-beam welding @ Zanon

Drawings Part 
machining

Metrology Brazing

Leak testMetrology
Magn.Axisand 

reference 
Machining

Metrolgy

PMQ-Steerer-
BPM insertion

EBW Leak test Metrology

In house production of drift tubes

LNL brazing lab

Officina

LNL

Stem, 

PMQs, 

Steerers

Officina

TO

Zanon
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Modules active alignment and coupling .
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Tank assembly in Lund

22

Module Coupling Procedure

1. Alignment optimization - Calculation of best alignment between modules 

based on DTs position data

2. Shim calculation - Calculation of required compensation shim thicknesses

3. Dry-run coupling - Module alignment and trial coupling without gasket

4. Fiducial survey - LT measurement of external fiducials to verify the

achieved DT positions

5. Gasket installation - Modules separation and Helicoflex gasket installation

6. Final Alignment - Precision module positioning according to dry -run

7. Controlled Bolt Tightening - Small torque steps up to final tightening

Å Tightening performed under constant LT control

Å Different torque across bolts to keep alignment

Å Approx. 30 passes to reach the final 240 Nm torque



Field tuning of DTLs, in Lund
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Tuning and stabilization

ü Aluminum dummy tuners and PC.

1. Confluence condition

2. TS optimization via individual PC length 

3. Tuning of the Accelerating field

4. Replacement of dummy components with copper parts

5. Pick-up measurement
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Assembly and RF conditioning results
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Metrology and field summary.

D. Nicosia òTechnical commissioning of the ESS acceleratoró
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çfkHz Q0 Ȃ E0SetPoint PCAV PFWD Pcalor

DTL1 Meas -40 | estim.-26 42807 1.87 2.83 1114 1226 57

DTL2 Meas -33 | estim.-34 36816 1.80 2.95 1234 1342 57.2

DTL3 Meas -40 | estim.-32 41485 1.90 3.04 980 1084 49.6

DTL4 Meas -52 | estim.-43 43750 1.93 2.83 1100 1223 63.4

DTL5 TBD 41871 1.84 2.88 1096 1200 TBD

24

Integrated test and RF high power operation.

3rd conditioning

2nd conditioning

2nd conditioning

2nd conditioning

1st conditioning

4th conditioning

https://meow.elettra.eu/83/pdf/TUICB02.pdf


Beam commissioning.
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5 tanks inline since September 2023, now commissioned with beam.
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Tunnel 

Installation

Beam 

commissioning

Tank1 18 Aug. 2021 June 2022

Tank2 19 Dec. 2022 June 2023

Tank3 11 Oct. 2022 June 2023

Tank4 9 Sept. 2022 June 2023

Tank5 25 Sept. 2023 April 2025



Ongoing collaborations
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Linac beam tuning and RF windows

2025- 03- 26

Task no. Deliverables 

1
RF Recovery routines for DTLs at different operational 

scenarios

2 Linac beam tuning with beam loading methods

3 Linac beam optimization with Machine learning methods

4 Support for spare RF windows design and testing
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