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w he ESS facllity

European Spallation Sourced 5 MW proton power on target
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4.5 TonnEs

Protons are generated The protons strike the target [ When the neutrons arrive
in the ion source and high-energy neutrons 7 ’-E\ at the instruments, researchers
are released \\\‘.:-;// use them to examine mattar

down to the atomic level
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Cavities accelerate
the protons to 96%
of the speed of light

stieme e
IusToumENT

The neutrons are slowed down
and sent down neutron guides to

the instruments

All the datais sent to the Data
Management and Software
Centre in Copenhagen to be
stored, managed and analysed
with the researchers
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From neutron users to INFN contribution to accelerator
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«~ The ESS project -
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3. 14 G I NV e skindne TIMELINE & ESTIMATED COSTS (2024)

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038

ESS became a European Research Infrastructure Bt O
Consortium (ERIC) in 2015. Tota Invesiment Tl s

Supported by 13 member countries through cash and pesion AR ?

In-Kind contributions. ome
Technical components built at more than 40 European TPoMe | T
research institutes. implementation |
Contribution of know -how from more than 100 y Spetion
laboratories and experts worldwide.

A
A
A
A

The In-Kind Contribution Process IK partners are mvplved in the faC|I|t3_/_
The ESSIn-_K\ndConmbul\onHKC}pm(ess is divided into three main phases: o Conflguratlon basellnes up to the Verlfled
1. Preparation f— Base“ne

Managing expressions of interest and contracting with Partner Institutions.

;3655\[‘ In-Kind Partners

h Czech Republic mjm.
« Nuclear Physics Institute of the CAS mIm= L stinute for Energy Technology (IFE)
= University of Bergen

«  University of Oslo 2. Implementation

Tracking the delivery of the contracted solutions, services, materials etc.

. i ‘Uﬂwer;v of Denmark (DTU) P""ﬂ‘lmw Niewadni Institute of Nudlear 3. Conclusion e T 1 1 1
: Lﬂgﬁwwtﬂwt:“gm oty -, phﬁ‘(s(mmuéu The IKC value crediting process is approved, applied and the closeout of & contribution is conducted. | AS— deslgned basellne, to be establlshed

[r—— [ o e s c . . .
-ty vy eyl 7 before a successful Critical Design Review

DR iniiosniin s i (CDR)A ready to be built

-:: 2 et s wp;wu Wpéwu wp;wu \/-wiwu _ A . . .
R I As-verified baseline, to be established
+  Forschungszentrum Jilid s University Vest ) Eresisnikss:E
T e B e -» before a successfulSystem Acceptance
Sm“::clamjherm- Institute (PSI) 1260 5 P ontraci ( esign e (RC + i ans| 1
_f“"gﬁgr:rri:?;ﬁgﬂg;?;“s, . é::nw?;uuhumverﬂnfnf:lpphen D\Z::::\;n Emgmﬁ | ‘k%{:wﬁ;: M F‘rgdutgtmn _’ ReVIeW (SAR) A ready fOf
«  Hungarian Acadamycf Sclences echnical Annex . . . .
- Institute for Muciear Research = United Kingdom .
R o commissioning with beam
= Wigner Research Centre for Physics Fa:whhescnnnt\HSTFg Recumrr‘neAndatmnl Crediting to
e . :Jurf(:lE;Tw:EneugvAumomv + Council Approval Mermber Country _ ) )

B omcis I As-operated baseline, to be established
+ Beta Sicrtrone Treste g Phase 1 Phase 2 Phase 3 . .
g g o before a successful Operations Readiness

Review (ORR)A ready for routine
ri- portfolio.esfri.eu/ ri- portfolio/portfolio -editions/2024 -first-edition/catalogue/ess/ operation
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= ESS status @

Accelerator (2d beam on dump) and Target

:::::::

Moderator damaged after a power glitch in Nov 2025.
Water flow stop A ice build-up inside the water moderator

Consolidating ACC Power Capability o channels that fully blocked the cooling channels and
From 2 MW to 3 MW ' cracked.
ﬂm“ S e 2"d moderator (spare already in production) to be installed
l Ir Target
at end 2026.

oo D e et postponed (o early 2027,

‘ Go2 nimtmcturel in place | | GO2 iinfra: Ircmremlssmg I

MW ' 3Mw

4med|lrspu:hsed 2 spare modulators
risk mitigation for available (not
t t ndes installed)
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v Italy and ESS @

The IK contributions to the accelerator

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

contribution of 110. 186 MO which 1 nt u C
Constructi on Contribution i s 104 M O National Institute for Nuclear Physics (INFN)

Elettra, INFN and CNR are the three Institutions committed to the e lon SOUFCE and L?‘A{-Energ}'_Beam Tf.EmS_PO|rt |

realization of the Italian in-kind contribution for the construction of ESS. ¢ Medium Beta Elliptical Cavities, Fabrication and Testing

e Drift-Tube Linac with BPMs, BCMs

El ettr a: accelerator for & 29. 650 MIi e Inital operations: 4 spare Medium Beta Cavities, fabrication and testing

I NFN: accelerator and | CS for @& 33 IEgettraSincrotrone Trieste

CNR: beam | ines and experimenta | St e Spoke RF Power Stations — including installation, testing and commissioning
According to the agreements between MIUR and the three Institutions, e LinacMagnets

INFN is the Representing Entity for Italy in the ERIC. *  Power Converters for Linac Magnets

¢ Wire Scanner Acquisition
Each institutions has the technical responsibility of the realization of the

contribution.
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aw ESS High Intensity Proton Source & LEBT @

INFN IK: ISRC & LEBT layout
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a» ESS High Intensity Proton Source & LEBT less.

The PSESS source requirements . _
lon source requirements:

Flexible magnetic system

Output Beam Energy75+5 keV
Energy adjustment0.01 keV

Total beam current>90 mA

Proton current 74 mA

Proton fraction >75%
RFFrequecyPower 2.45 GHz / 2 kW
Pulse length / flat top: Gns/ 3 ms
Repetition rate 14 Hz

Pulse to pulse stabilitg:3.5 %

Flat top stability+2 %

Reliability 99% @74 mA

Transverse emittance (rmsorm.) < 0.2%.mm.mrad
Beam divergence <8frad

2.45 GHz injection

Too Joo To o o T T T To Do o T Io

Plasma Chamber

INFN-LNS has a long expertise in the realization of
high intensity proton sources (TRIPS, VIS).

PSESS represents the state of art of actual high
intensity proton sources and resume the solutions
studied and developed in 30 years.

-
Extraction Tetrode extraction
column system (VIS/LEDA likg




= Procurement and fabrication @

Involvement of Italian industries

INTELLION
Insulation column

VAL

Adjustable system for IS

Extraction System

Andalo Gianni s«
Imola
MECCANICA DI PRECISIONE

ﬂ fantini

y
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LEBT IRIS &ollimator

VACUUM COMPOMNENTS & SYSTEMS

VCSQ

- Diagnostic Tank




a» PSESS characterization @ INFNNS @

Test at LNS: finding candidates for nominal operation set point.

INPUTParmeters Power, H flow, COIL1, COIL2 and COtuBrents

Current measured on the FC (*max=85.5mA)

Current measured on the HV cable using ACCT (*max=122.3mA)

1400 [

1300

1200

Field at 35 mm [G
2
o

1000 |

Faraday

ol Cup |
The magnetic system flexibility with a dedicated w e ww o w0 0

interface enabling the direct control of magnetic s
TAStR LINRBTAES o0& aSuitAayd

Source.
drain

800 1000 1200 1400 1600 1800 2000
Field at 84 mm [G]

ACCT current filtered with 0.5 x ESS ripple and stability requirement (max=110.1mA)
*ACCT current filtered with FULL ESS ripple and stability requirement (max=110.1mA)

OdZNNEB Yy U @

1300

Ripple parameter (* full ESS ripple and stability)

2+ U

16

Increasing the plasma density, the meniscus

@, 1200 @, 1200
concavity and the divergence of the extracted beana “E |
increaseIBSimwsimulationsshow a good 3 .

agreement with experimental data. - o

Ri‘pple;

1200 1400 1600 1800 2000 800 1000 1200
Field at 84 mm [G]

* Candidate set points ™
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Test at LNS: PSESS source stability test
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Intra-pulse stability <+2% A\
\

RF power
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Pumping box

= Emittance measurements & LEBT simulations
" FAT: IS and LEBT test

Permanent tank

-

LEBT-RFQ interface Commissioning tank

0 Ion source Solenoid 1 Iris Chopper EMU 1 Solenoid 2 Collimator| EMU 2 Faraday cup
. g Iz P
03 ' SRS 5 e
h -’ > A
60
= Q
= =
=~ 0.2 5
2 102
g =
= B i~
BN | 57%5CC = g
- M = 50% 20 o
M = 100%
80
0 0 0 1.5 ; 3
0.2 022 024 026 Sim. 1 Sim. 2 Position [m] H,*, H)* H*
Solenoid 1 [T} Measurement and simulation in permanent tank Measurement and simulation in commissioning tank
]0 80 40 - - —_— - -— + + + + + 60 + 4 " + 4 +
I — 4
404
20 q 3
— 20_
” o - 0 0‘ }
| = ™ 5 - 20 220
o] o] - 1
-"% 10 2 7% 10 2 401
g ElE El -40 . 7% SN G W . — A
3 = o = 40 20 0 20 40 40 20 0 20 40 -0 -5 0 5 10 -0 -5 0 5 10
7! >C 5 20'* 7! C 20‘* X [mm]
I =50% = 50% Perm. tank Commissioning tank
M = 100% M = 100% Is 0-200 0 100 150 200
‘ o o Meas. Sim. Meas. Sim. Meas. Sim. Meas. Sim. Meas. Sim.
0.2 0.22 0.24 0.26 0.2 0.22 0.24 0.26 Irc - - 55 58 65 72 72 77 72 77
Solenoid 1 [T] Solenoid 1 [T] £ 022 030 020 033 020 033 021 033 024 031
. . . (v 9.6 6.0 -077 041 -1.8 -040 -25 -—-039 -3.5 —048
Transmitted current through the LEBT as a function of the solenoid B 92 60 031 054 039 051 0.51 043 078 032

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

Measured and simulated values of Faraday cup currents, normalized rms emittance
measurements).

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




an PSES3ransportation & assembly in Lund @

Strategic Management for Delivery and Installation of PS-ESS at Lund

Dismantling Transport Installation

(LNS Catania) (Catanial.und) (ESS Lund)

Nov 17 »Feb 18

ppppp

|||||
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w |[ISRC and LEBT at ESS
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Recommissioning in Lund

RFQ voltage scan as EMU

el sdathaial, H H _
TS ESS experience with source repeller 100
LIVERPOOL ;E":
80 4
60 -
9
c
i B 9
0.0 Qs @S0 s "7.00 ns ™o ns 0.0 ‘E 40 "
| T ™ \ et @
= Veep = =35 kV - \ =i <
- - “ | . =
18 | i o g
1 = - = - 20 1
+ e 1 -
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5= o * Elmcsusr g \ B lg=755mA
l " Q »
le » 'y \ » ' -
| “.. | “ Viep = 0KV : ' 0
o™ »
AR —— |
le e v ~— ~ - a ! ' ) - . . v )
. z[m) z{m] 1 Vyep [KV] J
T — 20 . . . , . ,
INFN " latituto Nazionale di Fisica Nucleare (kaly) 5 Boam Dynamics Group 0 20 40 60 80 100 120

RFQ voltage from pickup [kV]

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

an PSESS proton beam parameters @

Requirements and measured parameters in operating conditions

Parameter Value requested Value measured

Beam energy 755 keV 75 keV

Energy adjustment +0.01 keV +0.01 keV

Total beam current >90 mA 40 - 140 mA vV high

Nominal proton beam current 74 mA 40 - 105 mA ery high current
Proton beam current range 67-74 mA 40 - 105 mA Easy operability
Proton fraction >75% Up to 85% - T
e 6 ms 6 me High reproducibility
Pulse flat top 3ms 3ms Long term reliability
Flat top stability +2 % < +2 % upto 1.5% : -
Pulse to pulse stability +3.5 % < +3.5 % up to 3% High stability
Repetition rate 14 Hz 14 Hz Low maintenance time
Transverse emittance (99%) 0.25p mm mrad 0.22p mm mrad @ 82 mA

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

Start-up after source 32 hours 32 hours

maintenance

16
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B In Kind contribution of INFN (2015)

Main Normal Conducting Accelerator component:

Length: 40 m

Output Beam Energy: 90 MeV (protons at 40% speed of light)
Output Beam Power: 225 kW (5.625 MW peak)

FoDoLattice with Permanent Quadrupole Magnets (PMQ)

Beam Position Monitors and Dipole correctors in empty Drift Tubes
LY@SadyYSyady wmt ac

Local C&lso provided in a separated IK contract
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= Rough timeline of the DTL project s

INFN-LNL (physical design, testing and technical coordination) and INFN
TO (mechanics and integration), INFNPD (technical)

L L s L ||| | [
e :
16

e :
e :

E 10
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A

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

Uni t @@'SOWHIQ INEN TO 8 B Tecnologi M Tecnici FTE
INFN LNL 16 A 5 tecnologi

A Div. Acc. 10 A 3 tecnici

A Officina Meccanica 4 INFN PD 1tecnico

A Div. Ric. 2 A 25 staff units, FTE: min 1, max

7 (42 person -years)




¢ Costs and industrial partners @

Main contracts

Reference supplier

METALCAM

CINEL Spending profile (contra
CERNGSI;JOBALDINICROMOFLESH

BYTT

CINELZANON

DANFISIK

LEQUIVRE 1500
CINEL, UMASANON
DMG MORI 1000
CECOM I I
CINEL 500
MEGANDUSTRIES .
0 m—

C&G BGINEERING 2016 2017 2018 2019 2020 2021 2022
ITALSEAL VEAR

CINEL

S. MARCAMPIANTI

Procurement

2500

2000

K€

HYSITECH
CINEL
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v Design phase
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Design, production strategy, installation scheme

e —

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

Parameter / Tank 1 | 2 | 3 | & | 5
Cells per cavity 61 34 29 26 23
Accelerating field [MV/m] 3.00 3.16 3.07 3.04 3.13
Maximum surface field [Kilp.] 1.55 1.55 1.55 1.55 1.55 I
Synchronous phase [deg] -35to0-25.5 -25.5 -25.5 -25.5 -25.5 &l Tank nall Tank Change Room
= andling Kl ssembly
Total power per cavity* [KW] 2192 2191 2196 2189 2195 LT Ao rosue
Bl Assembly
Power on copper** [KW] 870 862 872 901 952 R e Tabie o
Quadrupole length [mm] 50 80 80 80 80 = Iz
Bore Radius [mm] 10 11 11 12 12 i
Number of modules 4 4 4 4 4 .
Length [m] 7.62 709 758 785  7.69 L A 3
Pﬁiling_ il a,] ls : 3 Assenbly
Beam output energy [MeV] 21.29 39.11 56.81 73.83 89.91 stand ‘ Sul | Tavie
(L ” ‘. R"‘J‘ 1.05
~ - Jt !
* Total power = 1.25 Power on copper + Beam Power < 2.2 MW. | 5 Table

** MDTfishcalculation, no margin. ' 76

20




= In house production of drift tubes @

Machining, brazing, metrology, EBW, integration of Beam ItemsA Q.A.

| S

J
Magn.Bxisand

155 +spares Drift Tubes internally produce at INFN
Mech. Workshop of LNL and TO

Brazing at LNL

Machining post brazing for precise positioning of
PMQ (<0.05mm)

E-beam welding @ Zanon

SICEIERS

LNL brazing lab

21



an Tank assembly in Lund fess)

Adjustable shim
10 um steps

36 shims around

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

A Tightening performed under constant LT control
A Different torque across bolts to keep alignment
A Approx. 30 passes to reach the final 240 Nm torque

22
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= Field tuning of DTLs, in Lund @

Tunlng and stablllzatlon

150 Total TS from: meas 49 and meas 48 ref to meas 47 0 150 Total Ts from: meas 77 and meas 76 ref tf’ meas DOOI 40
130 130
100 1 3 5 7 9 11 13 15 17 19 21 23 b5 00F 1 3 5 7 9 11 13 15 17 19 21 23 25
120 120
50
110 110
2 082 o 0
Ty
g 10 4-10
50 - Aarand -50
1-20 1-20
-100 - range = +47.1993% -44.9709%/MHz -100 range = +2.2524% -1.1062%/MHz
—@—TStot| |-30 —@—TStot| |-30
—0—TS —— TS
-150 : ‘ ‘ ‘ ‘ -40 ) | ‘ ‘ ‘ [ )
0 s 10 15 20 25 % 5 10 15 20 5
# Cell

# Cell
Aluminum dummy tuners and PC.

Confluence condition

TS optimization via individual PC length

u

1

2

3. Tuning of the Accelerating field

4. Replacement of dummy components with copper parts
)

Pick-up measurement

23




(ess

Integrated test and RF high power operation.

<G
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‘Assembly and RF conditioning results

Metrology and field summary.

DTL1

DTL3
1 105 - - N - ” -
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w Beam commissioning. @

| 5 tanks inline since September 2023, now commissioned with beam.
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Installation commissioning

ISrc Probe
DTL4 BCM

M 2 DTL1 BCM DTL2 BCM

Tank1l 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
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isica Nucleare

Linac beam tuning and RF windows

Deliverables
RF Recovery routines for DTLs at different operational
scenarios
2

- Linac beam tuning with beam loading methods

Linac beam optimization with Machine learning methods

Support for spare RF windows design and testing

aw Ongoing collaborations
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