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High Energy Fusion Neutrons (pros and cons)

= Displacement damage (dpa)

* Transmutation nuclear reaction (impurities): H, He, etc

1E417
i —0EMO
0
\ 'v 16+16 IFMIF Medium Flux Module
\ i QA N —IFMIF High Flux Module
\ FL 1ees AA S = ]
o % e - .
D a3 Sy
SR g3
x A : x§ 18
AN R =)
" aete eln e ?’-.‘ "‘é' 2 e

1E+11
1.E-03 1.E-02 1.E-01 1E+00 1.E+01 1.E+02

Neutron Energy ~40 MeV
MeV

Normalized neutron energy spectrum DEMO first-wall
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Degradation of Physical Properties Vs. Dose degradation by neutron irradiation displacement damage (dpa) 1), «naster, Nature Physics 12 (2016)

High current Li(d,n) stripping reactions are the best alternative
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One of the main differences between ITER
and DEMO is the radiation dose: at DEMO
more than one order of magnitude higher

Essential to know t
materials to ensure the

Materials

Moterial Test ‘

l Materials data and modelling,
preliminary design criteria (M3)
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Moaterig! Test

Reactors

Science & Technology
Basis for first FPPs

Materiol Tes

Reactors

Materials data,
EDA design criteria (M3)

of fusion-like neutrons on u
ructural integrity of fusion
reactor components (first wall, etc.)

Identified as high priority in the EU Fusion Roadmap
= |ncluded in the ESFRI Roadmap as a EU strategic facility

« Low & Medium Power Accelerator for fusion application (single, double, triple (CID))

 High-power accelerator for fusion application (LIPAc, DONES)
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Detector development and instrumentation calibration

lon Beam Modification of Material (IBMM): Implantation, damage studies

lon Beam Instrumentation (IBI)
Basic physics studies

Damage neutron emulation
Tritium production

Apply physics

DEMO phase -1 m VNS

P;(MW) 2000 30
NWL (MW/m?) 1 0.5
fpy to reach 20 dpa 2 4
T (kg) consumed to - 6.8
reach 20 dpa

Page 3




—
IFMIF /\((gsl\}
D{INE \\\?)

Low & Medium Power Accelerator for fusion application
(single, double, triple)

David Jimenez-Rey (CIEMAT) | Accelerator R&D priorities for energy — fusion | 20 Jan 2025 Page 4



Requirements for fusion materials irradiation damage characterization and modelling

Emulation of neutron damage in nuclear materials using high energy ion beams to low dose rate
= Displacement damage (dpa): by heavy (self) ions (Fe, W, Si, C, O, etc)

= Transmutation nuclear reaction (impurities): by light ions (He and H)

Capabilities required

=  High energy ion implantation (homogeneous area and volumetric irradiation)

= |rradiated volume of around 20-25 microns (at least a few grains for most of the materials of
interest)

=  |on beam mixing (in confluence) at low irradiation angle (bellow 42)
= Radiation damage at nuclear reactor-like conditions (first wall temperatures)
= Possibility of varying the damage/dose rate several orders of magnitude

=  Possibility of varying the generation of H and He several orders of magnitude

He Range (ion/cm) (x10%)

vty W Gersty o6 0Ty

Synergetic effects on cavity number density, size, and swelling
development in9Cr and 12Cr alloys irradiated at several conditions
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= Key multipurpose facility for R&D on Fusion Materials & Technologies, but also on multidisciplinary basic/apply R&D

» Technological provider and complement for DONES (during the different stages; design, validation, construction,
analysis, etc) and a important facility to reduce gaps in the IFMIF testing program

» Pre-DONES validation: There is currently no 14 MeV neutron source of sufficient flux to test the strength of materials
under fusion-like conditions, so will provide eessentials inputs of models and R&D development of components,
diagnostics, detectors, and its calibration

» Pre-DONES characterization: Emulation of radiation damage in nuclear-reactor pre-screen materials and dose rate
(accelerated) damage effect

> Pre/Post DONES operation: relevant experiment and modelling studies of damage predictions codes with ion beams
in a short time irradiation (up to 100 dpa can be reached in 10 h), and very low activation

» Post DONES irradiation: indispensable material test lab for PIE samples characterization with on-line IBA Techniques

CID

CIEMAT ION DEVICES

One of the main differences
1 between ITER and DEMO is
the radiation dose: at DEMO
g more that one order of
magnitude higher
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SINGLE & DOUBLE ION BEAM:

Laboratorio Nacional de Fusidn ﬁ\.

Ciemat U/

Tandem 6 MV with two independents ions sources:

> Lightions (H-D@12 MeV, He@18 MeV) - from 100 pA to 100 pA
> Heavy ions (Fe (Fe@54 MeV), Si, C, W, etc) 2 from 100 pA to 2pA

Tandem 4 MV with two independents ions sources:

> Light ions (H-D@8 MeV, He@12 MeV) - from 100 pA to 100 pA
» Heavy ions (Fe (Fe@32 MeV), Si, C, W, etc )= from 100 pA to 2pA

Heavyion (R ightion accelerator tandem N . . . . .
redtedmatrl () seentor | scelertr andem ~ v synergetic (in confluence) or single irradiation effects
A R provide also very relevant (simulation information)
Fe(7.8g/cm3) 26.6 Fe 285 H 2.5 He 10
W (19.3 g/em3) 10.1 w 373 H 16 He 6
c(2.3g/em3) 148 c 96 H 45 He 18
Si02(2.2g/cm3) 175 Si 337 H 4.6 He 18
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Triple ion beam:

There is currently no equivalent facility!!

Superconducting Cyclotron (or shycrocyclotron, lineal, etc) type K = 110-130, with a heavy ion source
> Fe@385-400 MeV = 1 uA/cm2
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High-power accelerator for fusion application
(LIPAc, DONES)

Access
Cell . .
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Test Cell
RF ared : (Target + Irradiation
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Complex facility >
Extended use of System engineering approach
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We need to produce fusion-like neutrons with:

1) Intensity large enough for accelerated testing (as compared to DEMO)

2) Damage level above the expected operational lifetime

3) Irradiation volume large enough for the characterization of the macroscopic properties of the
materials of interest required for the engineering design of DEMO (and the Power Plant)

The IFMIF/DONES main expected contributions:

= Provide data for the engineering design for DEMO

= Provide information to define performance limits of materials and materials systems for DEMO and FPP
= Contribute to the completion and validation of (existing) databases to gather and confirm data required

for licensing and safety assessment

= Contribute to the selection or optimization of different alternative fusion materials

= Validate the fundamental understanding of radiation response
of materials including benchmarking of irradiation effects
modelling at length-scale and time-scale relevant for
engineering application

= Tests blankets mock-ups and functional materials before or
complementary to ITER and DEMO test blanket modules

@) Effects of irradiation in materials

o e DOMES s worshos, oeney of M. B

NEUTRON IRRADIATION DAMAGE IN ALLOYS

Displacement of Atoms
ardening

ransmutations
(stable isotopes)

H void swelling §

ging, Softening, imensional ir Hardeni lement ‘
Neutron energy dependent, cannot be
reproduced in current (fission) MTR
3 G. Aiello | EURDlusion Science Meeting an IFMIF-DONES | 26 Now 2024
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(FMI

Engineering Validation &
Engineering Design Activities

R
7N\
n@ue;)ﬁ EU_IFMIF Projects relationship (L
Main goal: Fusion Early Neutron Source development
= |[FMIF/EVEDA: International Fusion Materials Irradiation Facility — Engineering Validation and Engineering Design Activities
- LIPAc: Linear IFMIF Prototype Accelerator
= |FMIF-DONES: International Fusion Materials Irradiation Facility — Demo Oriented NEutron Source
DONES } .
IFM I F-EVEDA v
BA-II (LIPAC) & FNSD ﬁr
Since 2007 :
esDONES h

(General Prototypes operation)

/7' [FMIF)
{ ’ EUROfUSIOI’) D(\)NE5)

WPENS
(IFMIF-DONES)
Early Neutron Source

Since 2015

R&D, Validation Activities and Pending

Engineering & Design Activities

* 17 RUs

* At least 22 institutions

* 5-6 LTP companies

e Around 150 researchers

e 2021-2025 Budget: around 33.5 M€
(18.5 M€ CC) + around 6.5 M€ EC FWC

IFMIF-DONES
ESPANA
(esDONES)

Since 2023

Construction and implementation
of IFMIF-DONES facility in the EU
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--------------------------------------------------------------------------------------------------------
o .
o

Complex facility >
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Te st ce I I - Extended use of System engineering approach
4= Remote handling Systems
4= Test Systems Ancillaries

RF Power System

LEBT
Injector -+ = =ius l HIIV 1 i i i ‘HEBT ‘4
QN T E R e

100 keV 5 MeV 40MeV 4 el . .
RFQ MEBT SRE Linac Beam ¥ } Lithium Systems Ancillaries
Dump ¢ / 1
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Accelerator Ancillaries Impurity monitoring ' Secondary Tertiary
: loop Main Li loop loop
loop :
, L L
| ZE gCooImg
. HX J: water
Central Instrumentation and | 5
Control Systems
i rL_iDump

CODAC System ‘YTrap  Coldtrap i tank
“  Machine Protection System 5 : H
.. Safetv Control S stemy Impurity Control Heat Removal System
y y e SYSTEM T e
Site, Buildings Layout & Site Infrastructures, Buildings Post Irradiation  Supporting facilities, Labs & Workshops
& HVAC, Electrical Power Supply, HRS, etc. and Hot Cells
Plant Systems Facilities for complementary experiments Examination Facilities for complementary experiments
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A fusion-like neutron source required for the qualification of the materials to be used in the EU DEMO

IFMIF: International Fusion Materials Irradiation Facility

2 x5 MW beams

ACCELERATOR

High Flux Test Module:
20 dpa/fpyin 130 cm3
10 dpa/fpy in 400 cm?3

Controlled Temperature:
250 < T<550°¢C

One of the more powerful
accelerators in the world

Challenges:

high power, high space charge, cw
wave operation, high reability,
longest RFQ, ...

D* @ 40 MeV and 125 mA

LITHIUM
LOOP

IRRADIATION
et | TR
a liquid lithiurr MODULE

jet which flows

Liquid
e at15m/s

lithium

g | Li(dxn) Stripping reaction

Neutrons~10%¢m? s

| Nuclear reactions
in the lithium will
produce neutrons
that irradiate the
materials
specimens

Biggest Li loop in the world

Challenges:

Biggest Li loop in the world,
power management, impurities
management —corrosion risks-,
reability, lifetime,...
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Two concurrent deuterons beam of 125 mA
CW at 40 MeV

Impact on a liquid Li screen

Flowing at 15 m/s

Generating a footprint of 200 x 50 mm?
High Availability of facility > 70%

#mma- Timm;

20x5 cm? footprint
(reference)

A neutrons flux of ~10%° n/cm?s is
generated with a neutron spectrum
up to 55 MeV energy

Many Engineering
Challenges:
RH, reliability and long
term control,...
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“fusion” Accelerators for the community ©)

1015,".'1"
= High Flux Isotope Reactor HFIR
D 5.1-10% nfem?/s
“e10 ]
o )
‘E ITER first wall
1013 N 3.9-10%n/cm?/s ]
UC- 10" ]
o
‘5 11
%10 DONES E
7.32:10* nfcm?/s @ High Flux Test Module <E,>=7 MeV
10 w1 al i uaal l i al i uaal L.n
10 107 10° 10° 10" 10° 10° 10" 10" 10" 10° 10°
Neutron Energy, MeV
R&D in accelerator:
g =  Highest D+current LINAC
=  One of the highest average beam power
=  Top H+ & D+Injector performance
=  Longest RFQ
= High Beam loading in resonant cavities
=  Record of light hadrons current through
SC cavities
1E+03 ®  Highest Beam perveance
| |

Particle kinetic energy (E/A) (GeV/u)

Safety (free Surface)

IFMIF-DONES st m——"
— - Wty oy w"ﬁ TAA 1o
e - e TNy g
S - " -1“-‘--- e "o T o ;Nf s
X5 L — $
v
HEBT-TIR ,:"_q, ol **.’:

»
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Acelerator Systems Q)
The first of a kind high power ion accelerator — f’ o o \ -
* Production and operation of RF quadrupoles o = 4 ot

Moudles)

* Superconductive high-current linear accelerator TS e L.‘,,
Radiation-hard ion beam diagnostics at R.T. & cryo-mode .

* lon beam handling with minimized aberrations & beam halo
TO . - Phase 1- Injector Extended usecosgﬁte:n:ag:g\{n;nng approach
140 mA CW - 100 keV
| 2 Injector + DBox Power density normalized (Wimm2)
= D+ CW 175 MHz SC LINAC
+ Ph 2- RFQ/MEBT
RS 125an51i20%DC—5MeV = 125 mA / 40 MeV 2 5 MW
MEB HPBD @5 MeV (P,, < 125 kW) - Total Iength Of ~100 m
DPlate
Sinjectdy Sy . . "
043 - Phase 3- SRF LINAC * Freesurface liquid Li target interaction g
125 mA 1% DC - 40 MeV v
SR LINAC e e N = 20 years, 87% availability
MEB Jag i
“«uﬁ*’" = Hands-on maintenance (<1 W/m)
Injector
TO+4 Phase 4- AS+LS+STUMM 7
125 mA CW - 40 MeV/ 3
HEBT
T0+5

M " SRF LINAC
IFMIF-DONES gﬂ MEBT
" RFQ

Operation

Injector

RFQ _ M
INJECTOR w ] |,
MEBT . )
. Highest current LINAC e £l
] Top H+ and D+ Injector Performance needed B
= Longest RFQ T e o C
R N . RO OG 21D S0 ooWaEs i N a = o
= High residual doses in the area 2 . 10x5 cm? footprint
= Very challenging beam Diagnostics and Beam Loss Monitoring 20x5 em* footprint

. (reference) (optional)
= One of the most powerful accelerators in the world
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Some R&D etaills in accelerator

= Beam dynamic: Simulation of accelerator component accidental situations
= Vacuum design: Free surface, Criomodules, etc
= Safety and accident mitigation: Target accident, tritium production, etc
= Remote handling and maintenance

(FMIF
DEINE

Injector/RFQ/MEBT

Based on LIPAc design +

Injector

* New Chopper for high
intensity D* beam

* Experimental plan of study
of dielectric disks inside the
ion source for
improving/optimizing |
injector and Facility
availability (Boron Nitride U
disk) e

* Injector enhancement based B @
on LIPAc operational
feedback and enhancement
programme performed in
the frame of the
IFMIF/EVEDA BA-l and BA-II
(respectively)

RFQ

* Vanes erosion model based on
sputtering. Other phenomena
under study (ion implantation, ...)

* RFQ mechanical engineering
upgrade to ease the maintenance

* Power coupler with brazed
windows

MEBT

* Modifications introduce to
improve the maintainability

* Enhancement of the Beam
Diagnostics (DC measurement)
and Vacuum package

(FMIF
D{INE!

HEBT & BD

Multipole magnets (oct/dodec) for rectangular shape
Beam Dump for commissioning and tuning
Safety-credit and machine protection Fast valves
Aluminium beampipe to minimize the activation
CuCrZr water-cooled RH Scraper

RH He-cooled Collimator at TIR

1% DC RH Beam Dump (LIPAc modified design)

Beam diagnostics for all beam modes

Secondary beamline for IFMIF upgrade with target di

- Possibility of beam extraction under assessment

RH Scraper

el

(FMIF
D INE!

Five Cryomodules top-loaded = integration in the vault

Two types of HWR's cavities: 19 x low-B and 27 x high- B

<200 kW RF couplers. Biased T-box design

29 x solenoids packages (with steerers, BPM’s & BLM’s)

4 x Short Warm Sections

Valve boxes in a parallel room to ease maintenance

Complete study of cryogenic hazards

Cavity

Current lead
package

Solenoid

Helium phase

IFMIF-DONES: SRF LINAc @)

Vacuum vessel
top plate

separator

Vacuum vessel

Cold warm
transition

Support frame

Magnetic shield oo oon Power coupler

Possible BES

Dipoles

HEBT Scraper
Mutipoles

RIR

RIR-TIR Wall Beam Duct
TIR

BDTL

BDTL Scraper

Beam Dump

(FMIF
DEOINE

RF Power System

S
/@)

56 RF Stations to supply the RFQ (8), MEBT (2) & SRF (8;11;9;9;9) cavities including the respective coaxial lines

16 kW up to 200 kW
w CW 175 MHz RF Power System
‘ 12 MVA electric consumption

Based on SSPA (LIPAc Tetrode Based) to
improve the reliability and maintainability

The design of the RF System well advanced
by improving the efficiency (>60%) and
architecture with respect to the LIPAc one

Requirements for a powerful LLRF based on
LIPAc experience

Challenging design of the coaxial lines

Assessment of circulator requirements and
transistors technologies
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IFMIF/EVEDA Project ©

IFMIF/EVEDA project for Engineering Validation & Engineering DeS|gn Activities (EVEDA), since 2007 (Broader Approach)

. O IFMIF
: = *’“mxmq-m‘m;;;;;“ o]
Linear IFMIF Prototype Accelerator (LIPAc) R T T s = | SR B
9 MeV, 125 mA CW, 1.125 MW e e
! ! “"' _ﬂm l"” o } 1,125 MW
T 125 ma
11 e Are we technologically ready? ‘
oo II=Eile
-, ) CEACEMAT FIE e oy Accelerator's technological feasibility tested
. =1l through a full 1:1-scale prototype accelerator
. B, v rae from the injector to the first cryomodule (9
g - i, oy | MeV, 125 mA D+ beam CW)

3% Beam Dump

m N CIEMAT, F4E
Control System RF Power System Diagnostics Building, Auxiliaries, 3 L I P A 0 b
QST, CIEMAT, CEA, CIEMAT, CEA, CEA, System Installation c & a co m pa Ct Ut ve ry
INFN, FA4E SCK-CEN CIEMAT, INFN QsT

challenging and thrilling
accelerator to run

o =11 T H 11 ®
(0] | (R [ N |
Phase B+ (5 MeV CW) completed on 27 June 2024

> 3 stages with more than 8 months of cumulated beam operation = Lots of results | ® Cutting edge technologies: world’s longest
gathered RFQ (~ 10 m), world’s highest light hadron

> 8.75% duty cycle (52 kW average power - pulse length = 3.5ms / Repetition Period = current th rough SRF cavities, very high
40ms) at 132 kV and 119 mA D+ beam at 5 MeV
average beam power

» Some tests at 10% (4ms / 40ms) maximum allowed with O-ring couplers, but . Id’s high l .
LIPAc construction for phase B+ unstable most likely because of the RFQ couplers (time-varying power reflection) World’s highest current linac in CW (Space

completed in March 2020 charge repulsive forces)
A .
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The IFMIF-DONES site in Granada, Spain
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Determination of mechanical properties for
baseline (EUROFER, CuCrZr, W) and
advanced materials.

Measurement of T production rates in
breeder materials

Irradiation of diagnostics

Validation of reduced size functional mock-
ups of BB or DIV concept

Production of radioisotopes

for medical imaging (99Mo, 177Lu) and cancer
therapies

Irradiations for cancer treatment (boron neutron
capture, fast neutron and targeted alpha therapy
Study on the effects of irradiation on organisms

DONES Socioeconomic impact

Astrophysics,
Fusion Nuclear and
Applications ~ Fundamental
Physics studies
Medical Industrial
Applications Applications

Presentation at the 3" DONES user workshop, courtesy of S. Becerril

IFMIF-DONES
L RESTO DE
PAISES
MUNDO
T.777 e
R ANDALUCIR RESTO DE ESPANA
7.090 Me GRANADA RESTO DE ANDALUGIA
Produccion
35::3“ 677 Me
Produccion
4.157 me 1.976 me
3.197 me Produceion 1.945me 2211 me Produccion
VAB Produccion Produccion
62.099 350 me
Empleos 959 Me VAB
59.303 i 687 Me 1.106 we Ve
Empleos VAB VAB
18.666 ot
11.775 23.868 ESplscs
Empleos Empleos
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* Astrophysics Experimental Set-up

e Ultra Cold Neutron (UCN) Source

* Gamma Spectroscopy of exotic nuclei
*  Beyond Standard Model (BSM) Physics
*  Cross sections measurement (TOF)

* Ab initio material modelling

* Neutron Activation Analysis

*  Thermal-neutron capture reaction to
produce phosphorus dopants in silicon

*  Computed Tomographic imaging

* Irradiation of electronic devices

Mathematical

Modelling _\
Open Quantum

Systems

X-Ray
Crystallography

Entanglement

Physics Optics

Cl
Garners

Dipole
Interactions Spectroscopy

Metabolism

Reaction Genetics Ultra Fast

Centers Spectroscopy
i Quantum
Phylogenetlcs\ Coherence
Green Sulfur
m Bacteria Proteomics
\ Excitation
Energy

Photosynthesis Transfer

Light-Harvesting
Antennas
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Thanks for your attention

]

More close to a make real the Early Neutron source!
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n@HE;)- - WPENS 2025-2026-2027 and DONES

\
i

g
\
)
N\~
o

\=7
EUROFUSION Consortium Members
©) EUROfusion =aee
\\\\5?)) u DOINE - 17RUs

* At least 22 institutions

* 5-6 LTP companies

* Around 150 researchers

* 2021-2025 Budget: around 33.5 M€
(18.5 M€ CC) + around 6.5 M€ EC FWC

R&D, Validation Activities and ¢
Pending Engineering & Design Activities ’

The new scope of the WPENS tasks (2024-2027):
Experimental & design validation (R&D)

Prototyping activities (LIPAc and new facilities)
Modelling and benchmarking

Pending engineering activities

Double accelerator (IFMIF-DONES) design integration
Operation definition and PIE activities The objective of the DONES Programme is not only for building the IFMIF Facility...

but also to operate and to exploit it!!

Integration of EUROFUSION_WPs in the experimental program R A
Analysis of implantation esDONES design
Risk analysis as a mitigation plan for esDONES \°)
Complementary Support to LIPAc operation and esDONES development

o o o o o
§ § & & &
~ > o

VVYVVVVVVYVVY

i DEMO-b

European Demonstration Fuslon Energy Power Plant

/ IFMIF-DONES

DONES Consolidation [ The project aims to expand the DONES user communit y and
Phase (DONES ConP1)

£ runcanan

— S J
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vons) Experimental definition and PIE Q)

\%u ""'""'" Identify off-site support facilities — ' Dones

7 ', GRAMADA,

CIEMAT Lithium loop, RF, Control system, Metrology, IFPLM [companents, instrumentation testing, calibration):
Electronic and Instrumentation lab, companants, - REACTOR MARLA EQUIFPED WITH GLID CONVERTER. 2 R — ].,
|nstmmemat|nnt|.tsxir-q, calibration): - PLASMBA-FOCUS PE-1O000U =, - L
- LIOUID METALS LA [LML) - - - e i A |
IONIZING RADIATION METROLOGY LARORATORY BT [Electronic, control and instrumentation kab,
[LMRI) components and instrumentation testing and calibration);
- CIEMAT IONS DEVICES [CID) - ACCELERATORS AND RADIATION TECHNOLOGIES
DOMES-PRIME lsbs LABCRATORY (LATR]
- INSTRUMEMTATION LABORATORY
CEA [SAF, superconductor and cooling); - MICROWAVE LABORATORY
- CHEMISTRY, CLEAN ROCM AND AS5EMBLY COMPLEX
- TESTSTATIONS FOR SUPERCONDUCTING CAVITIES KIT [Target, H permeation, He and fluid dynamic): :
- TESTSTATION FOR RF POWER COUPLERS - HELOEALCOR C
- TESTFOR SUPERCONDUCTING SOLEMOIDS AND FLEX mma
CURRENT LEADS - Q-PEIE
E ] \ A0
TEST STATION FOR CRYDMAGDLILES REI {Componants, insturmentation test and calibration]: B
ENEA [Lithium loop and BH: - REI TANDEM ACCELERATOR FACILITY (REI-AF) =
: LISAJ56 FAE-OAT [accelerator lechnologiog): | I I I T | ]
- THE DIVERTOR REFURBISHMENT PLATFORM [DRP) LIPAs | |
AMGEL FACILITY ! i -
1 i ]
DOMES / IFMIFE i
Properstuy Irradiated materials exploitation :“ DONES 3’5'9) Identify off-site support facilities
Y

%

09.2-2 identified and described the following facilities:

=K1 175 Fusion Materials Labaoratory, Germany

=hdaterial: Roscarch Laboratory at Kationz|
Canler lor Mulean Research, Poland

=UEALE' s Materials Research acilidy, UK

=CFAS TFCL laboratony, France

=5LK-CLM's hot laboratory, Belgium

="5I's hot laborztory, Switzerland

wyTTs bl Labworalory, Fimlamd

=Studsvik hot cell technology, Sweden

=PILL, HHmania

=CIEMAT S hol Laboralory, Spain

=M Bt Labaratary, the Metherlands

=ML hot Laboratory, Czech Hepulblic

oa Farbiry e reacacl

gl Vol ke Do jUU Do e beay mrotnben hor Ry Saom Ve a0t v Ao of e
s

2 WV Dectan WIG Metoras iredeton by cecice teaTs.

WAL Car o) mr e bon B Ay Tos rastenw § o el

o e e TRE AL e v (2w

08T LS SOOI 203 DORES T T rongy Vi AT e

l&mmmmmm-

Shier Boar bbwrainy Onredoraxlor ond A rmnay A oT ey o oo > oo e on saud
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o5 Target Faciny valkaation
[ ——
i = vporatecet sovemtre

=
i
=

125 mA ol D+ in pulsed mode
transmitted by the RFQ with
very high efficiency

the commissioning phase in order to fully characterize radiation map
(J Quick Disconnecting System (QDS). To validate RH conection system
() Multipurpose VaCuum accidental scenarios (MuVaCas). To analyze
different posible accidental scenarios
O Electromagnetic Pump prototype. To characterize pump performance
Q Li purification prototipe loop (LITEC) to test impurities control technology
O LIFIRE facility to study Lithium fire risks
(J High Beta cavity & RF coupler
(J Meander-type beam extraction system
L SSPA @175 MHz 200 kW CW
O Shielding benchmarking using a 35 MeV (p, Be) neutron source
Q) VALERIA for virtual reality RH simulation
Q) Digital Mockup development

O Start-Up Monitoring Module (STUMM). Irradiation module to used during

Additional validation experiments to be
accomplished between 2025-27 are welcome!

More details in the Coordinators Summaries
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F — ° ) =
n@ue;)fﬁ Lithium systems (@)

Devoted to creating a continuous liquid lithium jet (free surface)
with the required characteristics in front of the D+ beam

Volumetne Heating (W/mA3)
8 3207¢+ 70

!66!610—:0

€910 10

Lamgme Ity
Solenyded use o el €N NN SFRTRET

Beam duct £ ' b Back plate

Lithium
inlet pipe a h 332810010
uenc
tank l
1.8640 + 10
0.00000
| o Outlet plug
'\. f inletplug | - Assembly
l'- Assembly (opa)
\ (1PA)
\ -
'|| )
\ 4 %—____Lithium
Bl T outlet pipe
Characteristics:

outlet channel
{movable part)

e Connected to the Beamline

* Lijet speed: 15 m/s

e Lijet thickness: 25 mm = 1mm
* Removed power: ¥ 5 MW

* Li working temperature: 300 °C
* The biggest loop in the world

Rectangular
outlet channel
(fixed part)

Quench Tank

Tartiary L0
Viarer leops
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Test Systems @

Devoted to the neutron irradiation of STUMM, HFTM and OIM

Testing and understanding the degradation of the materials and
components’ properties throughout their operational life in

DEMO and future fusion power plants

» Fluences of 20-30 dpaNRT in less than 2.5 years apply to 0.3 litre volume and fluences of 50 dpaNRT Y - : Gunnptus sty
in less than 3 years apply to 0.1 litre volume (one accelerator) ; ' SHESEES S S SEM SnARESA Fp e

» Temperature range: 250 - 550 °C; temperature gradient < 3%
> High-flux region: Up to 5e!> n/cm2/s fast-neutron flux (> 10 MeV)

HMzdra Fus, mies’s
T "
- hl

5,

LFd

L ER TR B LN B TER TR S
Houl o Sncigs, MY LA e T dsiib. i

Teest Cell Cover Plate
(1cpw)

Upper Shialding Mug
(USP)

Lower Shielding Plug

(15P)
~ £ Spectrum Tritium Release Low Flux
e o emoae | it Test Mocule o ol

(PCP]

High Flux
Test Module
N

High Flux Test Madule
[HFTMV)

Target Assembly
(TAA}

Eeam
Duct

Deuterium
beams \

Removable
shéalding Block
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= Main RH Equipment in Access Cell HROC and ACMC
= Access Cell big enough for storage of all components
= OtherRHin AS and LS

== -
)=

=
2
zL
3
I3
=
2

Mutipurpose system for
High Flux Test Module
Total absorbed dose ~1 MGy
Precision <1 mm

Payload 2t
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Remote Handling

Telescopic mast crane
Robotic Arm

Cranes + Robotic Arms
Gripper system

3 t capacity

8 m crane span

Decontamination Stations




(FMIF

_— : c . . . /77
oOynes/  Some Experimental Activities supporting the Safety Licensing i‘;_;/;‘;;
MuVacAS Experimental Setup Granada

University LITEC Facility CIEMAT Electromagnetic

Pump Transients
Validations

Multipurpose Vacuum Accident Scenarios

IPUL Latvia
oo ',‘)7 5

*:_-rj - Scaled Li-Loop
o oem forTraps
,..Iil‘{.]_&:] Validations
Lithium Reactivity Experiments - -
_ yEXP LiFire Facility CIEMAT
RISE Experiments KIT Experiments

e

27
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Injector/RFQ/MEBT

Injector R RFQ

* New Chopper for high
intensity D* beam

* Vanes erosion model based on
sputtering. Other phenomena
under study (ion implantation, ...)

* Experimental plan of study :
of dielectric disks inside the * RFQ mechanical engineering
ion source for upgrade to ease the maintenance
improving/optimizing
injector and Facility
availability (Boron Nitride
disk)

* Power coupler with brazed
windows under prototyping

MEBT

* Modifications introduce to
improve the maintainability

* Injector enhancement
based on LIPAc operational
feedback and
enhancement programme * Enhancement of the Beam
performed in the frame of Diagnostics (DC measurement)
the IFMIF/EVEDA BA-Il and and Vacuum package
BA-II (respectively)

28
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Five Cryomodules top-loaded > integration in the vault - Multipole magnets (oct/dodec) for rectangular shape
- Beam Dump for commissioning and tuning
- Safety-credit and machine protection Fast valves
<200 kW RF couplers. Biased T-box design - Aluminium beampipe to minimize the activation

Two types of HWR's cavities: 19 x low-f and 27 x high-

- CuCrZr water-cooled RH Scraper

29 x solenoids packages (with steerers, BPM’s & BLM’s) )
- RH He-cooled Collimator at TIR

4 x Short Warm Sections - 1% DC RH Beam Dump (LIPAc modified design)
- Beam diagnostics for all beam modes = prototypes and tests of

Valve boxes in a parallel room to ease maintenance

SRF LINAc/HEBT-BD/Diags

critical diagnostics in TIR area (such as profile monitors)
Complete study of cryogenic hazards - Argon cold trap in the main beamline

Studies of assembly and transport

Prototyping and tests of cavities, RF couplers and microloss monitors

David Jimenez-Rey (CIEMAT) | Accelerator R&D priorities for energy — fusion | 20 Jan 2025
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- Secondary beamline for IFMIF upgrade with target diagnostics
- Possibility of beam extraction under assessment

29
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= Based on SSPA (LIPAc Tetrode Based) to improve the reliability and
maintainability

= The design of the RF System well advanced by improving the efficiency
(>60%) and architecture with respect to the LIPAc one

= Requirements for a powerful LLRF based on LIPAc experience
= Challenging design of the coaxial lines

= Assessment of circulator requirements and transistors technologies

16 kW up to 200 kW
CW 175 MHz RF Power System
12 MVA electric consumption combiners or 100 kW CW w/ cavity combiners

= Several prototypes have obtained so far 200 kW CW w/ hydrid

30
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—  Synergetic Triple ion beam effects: historical review )
D{INE L
[:10*:;:-!! A 24500 160
E . = 140
E # E—_— 200 120 a
E : g lons 5 I;J S
E n 2~ 1500 =
f : it wis
'i z EE
i g ' E 2 100 @ _g
5 : : ol
lons - . Vacancies M
' | 0 _;.‘._.a-__(]
, 0 E
{10 meg) : ) i_‘ fum l)eplh {im) |
n > ' r - e o Cross-section view and TRIM calculations for a Fe—12Cr alloy irradiated to 50
E 20 . > dpa at 510 °C. A constant He/H/dpa ratio was achieved at the hatched area.
B 15 ' i %@g& Voids were located from 0.8 to 2.0 um in-depth, and the damage distribution
-‘E s ] . ) is consistent with the TRIM calculation. Note that the cavity size and number
& 10 Ao o Ty A density changed as a functio_n of damage level, as shown in the TRIM data
-E s | ol e = B -
%s 1.0 15 2.0 |

Depth {um)
TIARA first triple ion beam in confluence study
C) S. Hamada, JNM 258-263 (1998)

Cusdir Smmibsr sl
—

\ g

First relevant triple ion beam demonstration of the importance of the synergistic effect (50 dpa)!!

a) Dualion irradiation (Fe3* + He*): many small cavities and swelling (0,4%), He to enhance cavity nucleation
b) Dualionirradiation (Fe3* + H*): no cavities and no swelling, H does affect the microstructures
c) Triple ion irradiation (Fe3* + He*+ H*):
» The synergistic effect of He and H was shown clearly
> Relatively large cavities were formed
» High Swelling (4%)

Synergetic effects on cavity number density, size, and swelling

development in9Cr and 12Cr alloys irradiated at several conditions

d) T. Tanaka, JNM 329 (2004)

David Jimenez-Rey (CIEMAT) | Accelerator R&D priorities for energy — fusion | 20 Jan 2025

Page 31



First generation of facilities

90s and 00s

Cla boratory Acceleratars

In-situ Characterization

Triple beam

CID, CIEMAT {Madrid) 4 MV Tandem
(Planned) 6 MV Tandem
K110 Cyclotron
JANNUS, Saclay 3 MV Pelletron, EPIMETHEE
2 MV Tandem, JAPET
2009 2.5 MV Pelletron, PAMDORA
MIBL, Michigan 3 MV Pelletron, WOLVERINE
1.7 MV Tandetron, MAIZE
1995 400 kV ion implanter, BLUE
TIARA, Takasaki Triple Beam:
3 MV tandem
1998 3 MV single-ended
400 kV ion implanter
Dual beam
DCF, Cumbria 5NV Tandem
2. 5MV Singletron
HIT, Tokyo 1.7MV Tandem
3.75MV Van de Graaff
IAE, Kyoto 1.7V Tandem
1 MV Single-ended
IBC, HZD Rossendorf 3 MV Tandem
500 kV ion implanter
IBMIL, Los Alamos 3MV tandem

200 kV ion implanter
1.7 MV Tandem
400 kv ion implanter

IGCAR, Kalpakkam

JANNUS, Orsay 2 MV Tandem ARAMIS
150 kV ion implanter IRMA
RBI, Zagreb 1 MV Tandem
& MV Tandem
KIPT, Kharkov 1.8 MW ESUWVI

60 kV proton- helium source
400 kV ion implanter

50 kW helium-proton implanter
& MV Tandem

10 kv Celutron

350 kV MEC ion accelerator

20 kW Colutron

XMU, Xiamen University
I3TEM, Sandia

MIAMI-2, Huddersfield

Possible TEM &
Raman spetroscopy

Raman spetroscopy

TEM

TEM
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225 MV Tandetron
v ,
Room &6 nil
i \va
» v
Koom 64
|
\ EQ
\vo |
Room 61 .' * Rooms 63
LSMY Yysite X (,'&’
Iripbe beam irradintion '/
Thnl baesn iremlaatson

AMV Fptmémée

Single beam irradiation 4+ ECR source

Room 62

The layout of the MIBL facility in Michigan. url:
https://mibl.engin.umich.edu
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