Il coinvolgimento della
aziende nei contributi in-kind
al progetto ESS

S. Gammino (INFN)



Construction work
starts on the site

2009
Decision: ESS will
be built in Lund

2012
ESS Design Update
phase complete

2003
First European design
effort of ESS completed

2025
ESS construction
complete

ESS starts
user program

First beam on
Target




ESS design

~ High Power

Linear Accelerator:

Energy: 2 GeV
Rep. Rate: 14 Hz

+_Current:62.5mA =~ -

Target Station'e_
* He-gas cooled rotating >
W-target (5MW average
& power) = ;
e 42 beam ports

Total cost: 1843 MEuros ,;5

16 Instruments in
Construction budget _

Committed to deliver 22
instruments by 2028

Peak flux ~30-100 brighter
than the ILL




Long-pulse performance

Brightness (n/cm?/s/sr/A)

ESS 5 MW
2012 design (TDR)

ESS 5 MW
2015 design

ILL 57 MW

Possibilities of pulse shaping

t

4

time (ms)



Some visions for neutron and light source science

Higher (Room?) Temperature Super Conductors
Hydrogen storage substrate

Efficient membrane for fuel cells

Flexible and highly efficient solar cells
Understanding liquid membranes

Nano scaled structures for controlled drug release
Self healing materials — smart materials

Spintronics - Spin-state as a storage of data (1023 gain in
capacity)

CO, sequestration

Neutron electric dipole moment
Neutron oscillations

And much more...



Financing includes cash and
deliverables

Host Countries of Swe«
Hungary

|Czech Republic thhuama

Estonla

Construction 47.5%
Operations 15%

To be determined

Switzerland

Non Host Member Cou

Construction 52.5%
Operations 85%
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Italian committment to ESS

Total Planned Commitment (2013 prices): 110,186 M€ ( 6,0% )
CASH: 20,8 M€ (19,0%)
IN KIND: 89,39 M€ (81%)

Three Institutions involved: CNR-ELETTRA-INFN
(INFN acts as representing entity)

Total IKC to the accelerator (ELETTRA+INFN): 62.51 M€

Eugenio Nappi
Aarhus April 1, 2016



ESS In-kind goals

Construction cost: € 1.
In-kind: € 747.5 Million

40.5%

€ 500

Not IKC, 32.1% Agreed IKC, 0.4%

€ 350 M

€ 400

SE,DK, 3.1%

€ 300

€155 M

€ 200
€73 M

€ 100

Controls Target Instruments (NSS) Accelerator




Construction

Perimeter

|| Goods gate

July 2014 Dec 2014 July 2015



ESS construction




Accelerator Technical

performances

Design Drivers:

High Average Beam Power

5 MW

High Peak Beam Power

125 MW

High Availability

352.21 MHz

Key parameters:
-2.86 ms pulses

-2 GeV

-62.5 mA peak

-14 Hz

-Protons (H+)

-Low losses
-Minimize energy use

-Flexible design for mitigation and

future upgrades

704.42 MHz

€24m> €46m> <€38m> €39m> <€56m > €<77m > <€ 179m —>

[Source }{LEB‘J’ W\IJEBT }'[DT L ]')Gpgkes }’(}\/Jadiurnﬁi}’[‘l]ghﬁ ]‘ﬁ FIEST & Contingency
B R o N B

75 keV

3.6 MeV

90 MeV

* First beam at the end of Mediumf} in June 2019

e 5 MW capacity for 2023

571 MeV 2000 MeV

PT srgae
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Target, monolith, moderators
etc.

Main components:

* Monolith:

* Rotating Tungsten target (ESS-Bilbao, SP)

Vessel (6 m diameter x 8 m height) (ESS-Bilbao, SP)

Steel shielding (6000 tons)
Instrumentation plugs (ESS-Bilbao, SP)
Proton beam window (ESS-Bilbao, SP)
Neutron shutters (ESS-Bilbao, SP)
Neutron beam extraction system

2.5 m diameter x 10 cm height
7500 Tungsten bricks (3.5 tons)
0.39rev./s

* Target He gas-cooling (UJF, CZ)

* High brightness moderators (FZJ, DE)

3 MW capacity
3 kg/s flow rate
Dt = 200 degrees C

2 liquid H, moderators
Water premoderators and moderators
He cryoplant (35 kW — 16 K)

monolith vessel

neutron beam
extraction port

target diagnostics
plug

target wheel

14



Instrument Suite is taking shape

- HEIMDAL — Powder Diffractometer \ + FREVA—TIGUEs Reflectopeter
~+ C-SPEC — Cold Chopper Spectrometer e Broadpandﬁ'NS
~* MIRACLES — Backscattering Spectrgmeter /,,
Sheciromeior " VOR ~Broadband Spec

'MAGIC — Magnetism DW

ESTIA — Focusing Reflectomet
SKADI — Low-Q SANS |

NMX — Macromolecular Crystallogra

* BEER — Engineering Diffractometer

* BIFROST — ExtremesEhvironments Spectrometer

* DREAM — Powder Diffractometer
ODIN — Imaging

VESPA — Vibrational Spectroscopy



High Level Master Schedule (Level 1
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_INFN-LNS _ INFN-LNL  INFN-MI

e 352.2 | MHz sl —<aillmmmsn704.42 MHz s
o T P <4bm> €38m> EImIY €« 5m> «TTTm S <« I79m —

\ {y Spokes edlum A High {} HEBT & My
o~ ™ 3.6 MeV =50 MeV 206 MeV 571 MeV 2000 MeV

The 3 TAs have been approved by INFN
Board and signed in 2016 (DTL in April,
lon Source&LEBT in June, Medium beta
cavities in November)




Ion Source & LEBT

Nominal proton peak current - 74mA

Proton fraction | >80 %

Stable operation current range 60-74 mA

Current stability{over SOus period) +2%

Pulse to pulse variation $35%

Beam Energy 75 keV (20.01)

Distance between pulses 1Hz<f<ld Hz

Restart after vacuum break <32h
 Restart after cold start <16h

Beam current change 2-74 mA
(2 mA step, 1 mA res.) ,
Nominal pulse length 286 ms

Pulse length range (+0.001ms)  0.005-2.88 ms
99 % rms norm. emit. at RFQ input <2.25

pi.mm.mrad

Twiss parameter: a a= 1,02 £20%
Twissparameter:B  B=011410%
Rise and fall time <20 us
Maximum LEBT pressure

6e-5 mbar J




Proton source and LEBT

Done in 2016:

Source and HV platform fully assembled
LEBT and beam instrumentations for
phases 1 and 2 fully assembled

All four racks fully assembled
Computers for the source control
system fully assembled

Iris fully assembled

Solenoids arrived

Two diagnostic tanks arrived
Chopper ordered

LEBT collimator ordered

Currently under way:
* Characterization of the source
* Assembly of the full LEBT




First plasma in the ion source in Catal




Preliminary beam characterization

Extracted beam: 82

P I N T S N N iy Y | T
MA (close to goal:90  Elelalelriuuf= s[a ) - [+] ]

8517

. mA,to be obtained with ..
. larger extractor& . Amam————l ot
i Alumina wall) -
. Pulse stability: £1% .~
“ (better than £2%) s
» Pulse repeatability: ...

o o i v

+1.8% (< +3.5%) —

EmlttanCe 106 mT.mm.mrad (< 1.8)
Max divergence: 55 w.q(< 80) Proton Fraction: 83% (>




Status of the installation

LEBT is assembled and cabled for the

Source is fully assembled and cabled beam commissioning phases 1 and 2
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Phase 1: IS with FC and DSM 03/10/2016 31/10/2016 YES-2mo.
Phase 2: phase 1 + EMU1 02/11/2016 17/03/2017 YES-1.5mo.
Phase 3 and 4: Full LEBT 20/03/2017 29/09/2017 Partially postponed

after RFI@Lund
Packaging and shipping 02/10/2017 31/10/2017 //



High Voltage platform
LEBT support
Insulators ceramic

Extraction System

High Voltage Power Supply 150 mA 100 kV
80 kV DC Insulation Transformer

RF waveguide branching

LEBT Power supply

Mechanics

Magnetic Trap

Plasma Chamber and Matching transformer

Insulation Column

HV rack + subrack EMC + cable, engineering and controls
Pink Tube + support

Magnetic System Power supply

Magnetron, ATU, Fast shut down

RF power probes

workstation analisi dati commissioning

HVT80RCR Voltage Divider

PS-ESS 2 procurement (>700k€)

About 40 k€
few k€
About 60 k€

About 50 k€
About 120 k€
< 60 k€
< 50 k€
About 30 k€

About 30 k€

< 60 k€
About 50 k€
40 k€
About 30 k€
20k€
30k€
About 40 k€
10k€
7k€

8k€



Source fully
assembled with

magnetic
system
plasma
chamber
matching
transform




DTL Input (after the design update in 2013)

Particle type

Lu

Input energy 3.62 MeV

Output energy 90 MeV

Input emittance

Emittance increase in the DTL <10%
<1 W/m

RF frequency

Duty cycle <6%
RF power per tank <2.2 MW

Module length <2m
Focusing structure FODO

PMQ field <62 T/m

0.28 mm mrad

S 0.15deg Mev

352.21 MHz

Peak surface field <29 MV/m

H- are possible
+- 50 keV

Peak, (2.86 ms long with a repetition rate
of 14 Hz)

Transverse RMS normalized

Longitudinal RMS

Design

Above 30 MeV

1.6 Ekp
Peak, dissipated+beam load, including
Design constraint

Empty tubes for Electro Magnetic Dipoles
(EMDs) and Beam Position Monitors
(BPMs) to implement beam corrective
schemes



>

The DTL mechanical structure

5 Tanks, 4 modules each \ Y
Drift tubes 61+34+29+26+23=173 7 (Ra 0,8)
high stiffness
(PMQ n=89, steerers n=30, BPM n=15, | .
empty n=39) GIRDER(EN il e p

AWS5083 Al 100000 .m

RF Components alloy) OV
= Precise

LNL contribution - DTL

38855,75

178,3 238,37 283,48
7617,64 —T—— 7101,14 ~—— 7582,63 T

319,12

7847, 21 7687,85

1853,55 LR 189,26 1953, 85 | 1857,18

1932,47 1832,09 - 1928,8 - 1932,68 - 1956,02

1901,88 (1749,39 1864,22 1989,07 197,33

| fov ot H _..l_..-.:l.-. I N A [N IV PRI JN I
v H L’ “H LA ﬂ‘ u ﬂﬁ L4
2023,55 1949, 42 | 2068, 26 212385 | 207,18
3494,35 3241,41 3453,02 3581,75 3593,35

- v

TANK (304L
stainless steel)
internal Cu
plating on
finished surface

positioning of/
the DT stem/
axis in steel
bushing |
SLAVE

Beam Components

Vacuum components (15 manifolds)

End plates and 4 intertanks

Support and alignment



DTL organization at partner lab

Andrea Pisent (WU coordinator, LNL)

Francesco Grespan (deputy coordinator, LNL)

Paolo Mereu (Responsible of the Mechanics’
design, Torino)

s 6 PAR
Michele Comunian (Beam dynamics, LNL) ﬂ

Carlo Roncolato (Vacuum system and br . [
LNL) Torino 3 :

. ——- {Osservatono graveazienale)
@ GRUPPI COLLEGAT
W CENTRO NAZIONALE

Enrico Fagotti (Accelerator Physics and
cooling system, LNL)

Marco Poggi (Beam instrumentation, LNL)

Mauro Giacchini (Local Control System, LNL)

\ g

W b?é










Progress on DTL

DTL drift tube

prototypes Santo Gammino, Andrea Pisent

and Paolo Mereu sitting on the
first ESS DTL tank

30



INFN

Drift Tube LINAC - calls for tender update

* Forged flanged semifinished cylinders: material delivery

* Procurement for the machining of the complete tanks (module+girder) for tank 3 and
tank 4: contract awarded to Cinel;

* Procurement for the machining of the complete tanks (module+girder) for tank 1,
tank 2 and tank 5: approval phase by INFN Executive Board;

Further procurements:

* Water skid for DTL cooling water and ancillaries (flow regulators, hydraulic fittings,
hoses, ...)

 RF windows;

 DTL alignment supports;

* Assembly tools and jiigs;

* Trolley for DTL tank transportation from assembly workshop to accelerator tunnel;

e Slug and movable tuners, Postcouplers, pick-ups;



Tank | Present RFI

2017-10-23
2018-02-22
2018-06-01
2018-10-01

2019-02-01

Present plan

for RFI (for

tanks only)

2018-01-18
2018-02-22
2018-06-18
2018-10-01

2019-02-01

DTL present schedule

Possible RFI
(6 w before
installation)

2018-02-16
2018-06-01
2018-08-31
2018-11-02

2019-02-08

Present plan

assy start
(RATS)

2017-07-27
2017-09-25
2018-01-17
2018-04-12

2018-09-07

Present
plan drift
tubes @
RATS

2017-12-01
2018-01-30
2018-06-25
2018-09-03

2018-11-19
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INFN

C

INFN in-kind contribution: medium beta SC cavities

* INFN In-Kind contribution:

Niobium procurement for the fabrication of 36 medium
beta cavities.

Cavity fabrication of 36 medium beta cavities in the
industry, including treatments, tuning, Helium tank
integration. Full treatment at the vendor.

Ancillaries, certification activities, documentation.
Cold test in a qualified infrastructure (DESY).

Transportation in special boxes and delivery at CEA
cryomodule assembling facility.

* INFN R&D on prototypes (already done):

Built 2 prototypes of medium beta cavities.

INFN design, using Large and Fine Grain Nb, plug
compatible with ESS cryomodule.

Full treatment industry.

Final handling and test done in the qualified
infrastructure at LASA.

Frequency (MHz) 704.42
Number of cells 6
Geometric beta 0.67
Nominal Acc. Gradient
(MV/m) 16.7
Epeak (MV/m) <45
RF peak power (kW) 1100
5.9-8
Q external 10°
Q, at nominal gradient >510°




Medium beta SC cavities

(7 - - N L
g
- — '] o b~ . -

Nb sheets (RRR 300 and RRR 40) for the
cavities, CFT in two lots.

CFT already launched, bids under analysis.
CFT budget: 3.3 MEuro

Construction and treatment of the full set
of medium beta SC cavities:

CFT under finalization, publication in the
next weeks.

Procurement budget: 4.6 Meuro

Cryogenic feedthroughs with HiQ antenna
and pick-up: 100 k€



Medium beta SC cavities

Special boxes with dumpers and shock e
loggers for cavities transportation from
company to DESY and then to CEA: 50 k€

Transportations: 40 k€

All metal UHV valves for SC
cavities: 30 k€

Indirect buying: materials that will be bought by the
Cavity Contractor:

Ti, NbTi, BCP mixture, special stainless steel low u,
flanges and bolts (1:4435, 1:4429), CuNiSil nuts, FEa
vacuum components, Al and Cu gaskets, Clean roorg i A
equipment, etc o




Elettra Sincrotrone Trieste

Trieste

Who-we are m

S —

No profit sharehelder company recognized of national.interest deSuant to Law
370/99 of the Italian Republic.

Shareholders: Area Science Park, Friuli Venezia Giulia Region, CNR, .Invitalia-

—

. Elettra 2.0-2.4 GeV 3¢ generq;jQﬂSyncIﬁ'dﬂbh Light Source

FERMI 1.5 GeV/ sé\eded Free Electron Laser Facility

Alessandro Fabri36




&) - OVERVIEW

Elettra in-kind contributions :

AlK2.1 Magnets for ESS linac

AIK7.4 Beam Diagnostics- Wire Acquisition System for the ESS linac
AIK8.5 Spoke RF Power Station

AlK17.2 Power Converters for Magnets to the ESS linac

tbd Installations

AlK2.1, AIK7.4, AIK8.5, AIK17.2 endorsed at IKRC 10 in

October 2016.

37
Alessandro Fabris



| SPOKE CAVITIES RF POWER
& -  STATIONS (AIK 8.5)

Scope: build twenty-six pulsed 400 kW@352 MHz RF power stations

Central Frequency - monotone

| Central Freguency - monotone | :

7y Nomina Power, pesk [ == =2

T [ N —

>+ 1 MHz el rom, | mmme || e |

Ganath,  JZXE | I ' e
i RFDAve ) o

0 dBm | k=

LRI periodic Pused | 5 |

35ms Bl oS o oees T e

Each RFPS unit consists of:

= Two equivalent transmitters with amplification chain composed by solid state preamplifier and a 200
kW tetrode amplifier.

= One Modulator to supply both tetrodes.

Construction will be outsourced to industry under Elettra supervision.

STATUS

»  Working with ESS RF group to optimise and freeze technical specifications to be
concluded by April 2017.



MAGNETS (AIK 2.1)

Sincrotrone

=/

Quadrupole magnet for A2T

v

Dual-plane corrector magnet for SPK

Quadrupole magnet for MBL, HBL, HEBT and DmpL

Dual-plane corrector magnet for MBL, HBL, HEBT, A2Tramp and DmpL
Quadrupole magnet for A2T ramp

Vertical dipole magnet for HEBT and A2T

Quadrupole magnet for A2T

Dual-plane corrector magnet for A2T

Activities concentrated on LWU
magnets (Q5, Q6, Q7 and C5, Co6).

Trilateral agreement Elettra-ESS-INFN
to allow starting of the construction

STATUS

LWU magnets tender in preparation.

Scope: design and build magnets installed in different parts
of the ESS linac

Description

Operating mode

DC, water cooled
DC, air-cooled
DC, water cooled
DC, air-cooled
DC, water cooled
DC, water cooled

DC, water cooled

DC, air-cooled

Remaining magnets: launch of tenders in fall 2017




e MAGNETS (AIK 17.2)

Scope: design and build power converters for the magnets of the ESS linac

q POWER CONVERTERS FOR

Power converters for the “C5” dual-

plane correctors . v Four units in a 19” crate
Power converters for the “C6” dual- W aircooledl K10 (interface to ESS Control

plane correctors System via Ethernet).
Power converter for the “C8” dual- .
4Q, air cooled 8

plane correctors

4Q, air cooled 26

Power converters for the “Q5” DC, water 26 v Two12 VDC Aux per Crate

quadrupoles cooled (1+1 for redundancy)

Power converters for the “Q6” DC, water 95

quadrupoles cooled

Power converters for the “Q7” DC, water 12

g”adr“p"'es o cooled v One 24 VDC Bulk AC/DC
ower converters for the “D1 DC, water 1 power supply per Unit.

dipoles cooled

Power converters for the “Q8” DC, water 6

quadrupoles cooled

Power converter for the “C8” dual-
plane correctors

STATUS

» Correctors power converters based on compact Elettra design approved in CDR.
» Finalization of design for industrial production (Built-to-Print Call for Tender) in progress.

= PCQ5, PCQ6 and PCQ7 approved in PDR
» Technical documentation for Call for Tender almost ready.

4Q, air cooled 8



CNR contribution

Tempistica
T-REX (planning ESS)
A classic “Time-of-Flight” spectrometer: o Ton T T T T T T T T T T T
* neutron guide (165 m) :m;
* T,and disk choppers (1+7) [ e e — ———(—
* sample chamber + flight chamber :ﬂ: Ii-.-i-._i-'.-.--'-I.i_l_l_i_l_.}_l_l_
* position-sensitive detector - H—.—H-'I-.-'-l p———
* shielding ot I FR I R |
Instrument 10 %
e | [ s e e s e I
Instrument 12 #
st 13 P e ||
pe— i —_—r—|—(—] |
| Instrument 15 %
— 1
Elements of novelty:
* Multichromatic beam (RRM) L"T-REX: 2015-2023 — Construction

s Hot Commissioning

* Polarization Analysis (spin) Beam on Target

Courtesy: Andrea Orecchini- Dipartimento diFisica e Geologia
Universita di Perugia




CNR contribution

VESPA: a Vibrational  *

Excitation Spectrometer with
Pyrolytic-graphite Analyzers

D. Colognesi', A. Fedrigo'2, M. Hartl®, M. Zoppi',
U. Bafile!, M. Bertelsen?3, M. Celli', P. P. Deen?3, F. Grazzi', L. Ulivi'

(1) ISC-CNR, Sesto F.no, Italy
(2) NBI, Copenhagen, Denmark
(3) ESS, Lund, Sweden

Consiglio
Nazionale delle
Ricerche

EUROPEAN
SPALLATION
SOURCE r

ESS: kick-off meeting

V.E. S. P A. (Vibrational
Excitation Spectrometer with
Pyrolytic-graphite Analysers)

A crystal-analyser inverse-
geometry time-of-flight
spectrometer fully devoted to
Neutron Vibrational
Spectroscopy (NVS)

Itll be the only inelastic instrument at ESS focused on

molecular vibrations in chemistry and material science!

ESS: kick-off meeting

O

F.no

Courtesy: Daniele Colognesi — Istituto dei Sistemi Complessi, Sesto




Useful links

https://europeanspallationsource.se/ilo-partner-
countries

https://europeanspallationsource.se/procurement



Possible opportunities

- High beta superconducting cavities;
- Low level RF;

- Controls;

- Mechanics;

- Vacuum systems;

- Cryomodules’ parts;

- Technical support, tests, etc...



Summary

* A lot of work has been done by INFN for ESS

* Criticality: the large amount of call for tender to be managed on
2017

* Some delays w.r.t. schedule will not endanger the RFI for the
IS&LEBT (some tests postponed after RFl); some others will be
absorbed for DTL and for Mf3 by means of a faster construction
phase.

* The procurement process is strongly based on previous R&D
carried out by Italian Research Institutions and companies who
already worked in the field or who participated to similar calls in
the past will have a slight advantage.

e Because of the know-how required for many procurements, the
selection will guarantee a larger advantage to those who have
invested in R&D during the past years.



Thank you for your kind
attention



