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DONES

 The fusion-like neutrons facility Project



Why DONES?

" pones'_

One of the main differences ..
between ITER and DEMO (or any Radiation damage
fusion power plant) is the radiation processes and effects are

dose:
at DEMO more than 1-2 order of very dependent on the
neutron energy Spectrum

IFMII)

Fusion neutrons
spectrum differ
significantly from the

magnitude higher

ones of Fission Reactors

An intense fusion-like neutron
source is needed to validate

1 dpa/lifetime fusion materials and

components!!!
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What is IFMIF-DONES? 'F”“)

An accelerator based fusion-like neutron source required for
the qualification of the materials to be used in fusion reactors

° I I I of T T . T T T T T
c a e n gl n g LITHIUM - 10 High Flux Isotfspe Ree;ctor HFIR
L LOOP N@ 5.1-10 n/cm?/s —
mRaDIATION- 5 [
o )
The accelerated TESTS < 3';2%”5;“’3'2'/
deuterons hit on 10"k 2107 n/em’/s
a liquid lithium MODULE P
e jet which flows E
lithium i i c 10"
‘ Specimens g
e 3 1"
g 10 DONES
e ® f9))) 7.32:10% n/em?/s @ High Flux Test Module <E,>=7 MeV
e ( - T
o ( ] | A 10" L ) ) L 1 ) L ) ) )
g ) ® o IEH 10 107 10° 10° 10* 10° 10% 10" 10° 10" 10* 10°
A unique chility! ‘lésl\/lr\r;vA, Li{dxn) Stripping reaction Neutron Energy, MeV
0 A ~% e Neutrons~10' cm2 J4
» World's most intense deuteron beam e A neutron flux of ~ 105 n/cm?2/s is
' . . T Nuclear reactions .
» The world's largest liquid lithium loop in the lithium will generated with a neutron
produce neutrons
that irradiate the SpeCtrum Up to 55 Mev energy
materials
specimens

Identified as high priority in the EU Fusion Roadmap
Included in the ESFRI Roadmap as a EU strategic facility
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A What is IFMIF-DONES? )

DONES \,

An accelerator based fusion-like neutron source required for
the qualification of the materials to be used in fusion reactors

Q alle ngl ng D THIUM 5" i st Reacor R
LOOP K% Ao nfem/s
o~ _—
[ 1} IRRADIATION g fo"
The accelerated TESTS < 5 I;JI'ERO[Lrst/WaII
deuterens hit on -1013 “S
: a liquid lithium MODULE 5 ne“
Lidiid | jet which flows ompo
I\tﬁ\um : at15m/s e tor C
f D J DONES
7.32:10% n/em?/s @ High Flux Test Module <E,>=7 MeV
ac 7) future F ”
r | 1010 L L L
20 veafs -~ g 10° 107 10° 10° 10° 10° 107 107 10° 10' 10° 10°
! \ | gl | Lt Stripping reaction Neutron Energy, MeV
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Nuclear reactions

A neutron flux of ~ 10> n/cm?/s is

* The ~wunum loop in the lithium will generated with a neutron
produce neutrons
that irradiate the SpeCtrum Up to 55 MeV energy
materials
specimens

Identified as high priority in the EU Fusion Roadmap
Included in the ESFRI Roadmap as a EU strategic facility
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. (FMIF
Based on widely spread efforts!!! )

The need for a facility of this type was identified long time ago and work has been carried out by using
different frameworks. In the last 15 years, key projects are:

FUSION o
FOR U

ENERGY QST IFMIF Design and
IFMIF/EVEDA |:> Validation Activities |:> CLELEALERLE
(included in the BA)

7 .
@i@) EUROfusion

WPENS (FMIF Design and

¢> . . s ¢> Defining the design: ready for construction!!!
(EUROfusion WP) D@)NE Validation Activities

Cromat N
DONES-PreP + 771 £+ 50N
Elaborate and draft the

DONES ConP1 AN SRl :> international consortium => international implementing scheme defined
(EURATOM CSA) =

agreement

(é

Ciemalt

DONES-PRIME/UGR ‘DONES-F’R”V'E‘ o Engineering and

=> Starting the work on site (first auxiliary buildings)

(Spanish projects) DONES-UGR Construction Activities




The IFMIF-DONES Facility i

Li Target, Irradiation Modules and Test Cell

\ \ rradiation
PEST, | capsule
— e \\ SPND&
Tor

i) V v’ l» V

: v
“VLTNAC Accelerator of Deuterons
40 MeV

125 mA, CW
5 MW output power

100 I/s Li
Strict Li Purity Control
~15 m3 of Li

L—1
- e ° °
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A DONES Status

DONES

Prototyping and validation

. Being developed for IFMIF (and a generic site) in the framework of BA (IFMIF/EVEDA)
. Developed for IFMIF-DONES from 2015 in the framework of the ENS WP of EUROfusion

(FIUF . & ,
[Ts. Corrosion validation

Other additional national projects

(FMIF

Corrosion tests at Lifus 6 (ENEA Brasimone)

Different steels exposed to Lithium flowing at 15 m/s,
330 C during 1200~ 2000 4000 hours

Lo N low (around 30 wppm)

corrosion rate for EUROFER ~ 0.2 um/y

orrosion rate for F82H - 0.2 jim/y

* HighM (around 320 wppm},

Corrosion rate for EUROFER~ 1.3 jum/y

Corrosion rate for AISI 316L - 10.7 im/y

P Favarrs (o)
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Experiment runtime [s]
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Start-Up Monitoring Module (STUMM). Irradiation module to used during the
commissioning phase in order to fully characterize radiation map

Quick Disconnecting System (QDS). To validate RH conection system
Multipurpose VaCuum accidental scenarios (MuVaCas). To analyze different
posible accidental scenarios

Electromagnetic Pump prototype. To characterize pump performance

Li purification prototipe loop (LITEC) to test impurities control technology
LIFIRE facility to study Lithium fire risks

High Beta cavity & RF coupler

Meander-type beam extraction system

SSPA @175 MHz 200 kW CW

Shielding benchmarking using a 35 MeV (p, Be) neutron source

VALERIA for virtual reality RH simulation

Digital Mockup development




DONES

A\ DONES Status “"‘“F)

Prototyping and validation
Being developed for IFMIF (and a generic site) in the framework of BA (IFMIF/EVEDA)
Developed for IFMIF-DONES from 2015 in the framework of the ENS WP of EUROfusion

"""w In this talk, we will report on recent validation results on:
N * Accelerator Technologies: LIPAc

 Lithium Technologies: LITEC & JA Li loop

» Safety Technologies: MuVaCas & Lithium fires

ant

ICLU VITTIURITC UL | MY MIVIVLY NG, 1 U LHIUTULLLT LG PUTTTY DU VT TTdn e

Li purification prototipe loop (LITEC) to test impurities control technology
LIFIRE facility to study Lithium fire risks

High Beta cavity & RF coupler

Meander-type beam extraction system

SSPA @175 MHz 200 kW CW

Shielding benchmarking using a 35 MeV (p, Be) neutron source

VALERIA for virtual reality RH simulation

Digital Mockup development

OCoooooootf




/ﬁé Linear IFMIF Prototype Accelerator (LIPAc) : EU/JA Collaboration IFMI?

il

il 2 , :
"o I e — = ] Cremet N @ Equipment designed and

[
. T T RFQ SRF Linac .
WO Lo UG gy A Sy constructed in Europe,
e e CIEMAT Madrid, F4E [ - I_I .
L2 bedagen s HEBT
- Cryoplant

CIEMAT Madrid, F4E

"l @  jnstalled and commissioned in

Rokkasho, Japan.

Control System
QST

CIEMAT Madrid,
CEA Saclay, RF Power ) . i) : - »
INFN Legnaro, CIEMAT Madrid, Diagnostics ...‘I
F4E CEA Saclay, CEA Saclay 8D

SCK Mol CIEMAT Madrid, INFN Building Auxiliaries
System Installation

asT .

A A,

CIEMAT Madrid, FAE

e

i ‘
AR s
X ¢ Central Control Roomin Rokkasho

Remote participation to LIPAc
operation from Europe
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Challenges of LIPAc 'F"“v

IFMIF-DONES: the world’s highest beam current (125 mA), highest power (5 MW)
1000§ LR LLLL S L L R L BRI IR Chal’enges of LIPAC (IFMIF/EVEDA)
- IFMIF
100 * 7%_@,_ Material Irradiation e High Current: 125 mA, Deuteron, high space charge
EIFMIF/EVEDA
- * High Duty Cycle: 100 % (CW)
< 10
é g eESSw
€ - cyclotron @ SNS h "
% 1'§_ LANSCE Challenges
;5 . _ TR'UMF.|3°|S @ PARC * Injector: high current, low emittance, CW
§ "E Materjallife science 1PARC * RFQ: the world’s most powerful, longest, CW
= 50Ge’
< o01L IPNS® s ® * RF source: 200 kW x8, CW, synchronized injection
e 5.EBK [ CERN-PS® FNALMI * SRF: the highest current for hadrons
0.001 - Elemerital particle physics * Beam diagnostics: pulse to CW, no interceptive
- | | | s * Low beam loss, space charge mitigation
0_[]0%1'00{ | ||6Lvuo1 1l ”Ig_-] 11 IIIL|J1 11 |||!L1-O L1 ||n‘i|00\ I |-‘1]|I|(|)00 N Heat removal’ temperature control

lon beam energy (GeV)

Average beam Current vs. Energy

etc.




DONES

Staged Approach Toward 9MeV/CW -'mIF)

7

MEBT

Phase-B (Medium Energy LPBD (Low Power Beam Dump)
5MeV RFQ ge, Transport) / up to 1 ms (0.625 kW)
(low DC) ’
FDPIate
(Diagnostic Plate)
Beam dump
Phase-B+ 0.625 MW, CW
5MeV
(high DC)
Phase-
Beam dump
Cilow DQ) | L125MW, cw
Dhigh bc) 5 MeV SRF
9MeV
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\ Phase B+: High-duty deuteron beam test 'FM")

DONES
Phase B+ commissioning consists of three stages

* Stage 1: Low current, low duty H+/D+ beam (probe beam) > Completed December 2021 Checking
electromagnets, beam dumps, and diagnostics
- Overheating and vacuum leak happen on RFQ RF couplers. Some measures were taken.

* Stage 2: Rated current (125 mA), low-duty D+ beam - Started in August 2023 and ended in December - Over
Testing and beam characterization of various beam transport modes (different buncher settings), BPM 8 months
optimization, longitudinal emittance measurement, non-destructive profiler testing, etc. beam study

* Stage 3: Rated current (125 mA), high duty D+ beam -> Started in December 2023 and finished in June 2024 | 2023/8~12

Start with 1~5% Duty and increase Duty to CW if possible
Duty limit range and maximum value are determined by looking at RFQ conditioning and coupler thermal behavioy 2024/3~6

; s
%
C N /

LIPAc in Phase-B+ CCR:during operation
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DONES

High duty operation: duty 10% operation

IFM[[)

Completed high duty deuteron beam test at the end of June 2024
Stage 3 : Rated Current (125 mA), High Duty (<10%)

*  The maximum duty of beam acceleration is 8.75 % (pulse width 3.5 ms, pulse repetition period 40 ms, duration approx. 1 minute) The
vacuum and temperature of the RFQ are almost constant. The beam current is approximately 119 mA, and the RFQ beam
transmittance is 90.1%.

¢ RFQ average beam power: 40~45kW

* The RFQ cavity conditioning reached CW at about 80% of the deuteron acceleration voltage and the duty of 27% at the deuteron
acceleration voltage, but the overheating of the couplers happened.

* It became clear that the current RF coupler is the bottle neck to increasing duty further

Repetition Period min
40ms

.

Current at the HEET
~118 mA

CT signal (mA)

1204

100 1

B0 1

60

40

20

—20

PW/RP = 3.5ms/40ms

—— LEBT ACCT
MEEBT ACCT
DPLA ACCT
—— DFLA DCCT
HEET ACCT

o oA A

DPLADCCT =119 mA

AC
HEBT ACCT ~119 mA

LEBT ACCT ~132 mA
(RFQ transmission ~90.1%)

15

Time (ms)

2.0

2.5

3.0

35

4.0



" DONES',

HWR Vacuum vessel
equipped with its
tuning system

Pressure relief device

Vacuum manifold Thermal screen
and valve

Cavity string, Cold mass

Cavity Solenoid .

Cold-Warm
transition

Cavity pumping line

Power coupler

Preparation for Phase-C/D LIPAc Cryomodule lFMll)

® Overall design and components procurement by CEA/Saclay
® Eight half-wave resonators
* 175 MHz, b=0.094
E.ccnom = 4.5 MV/m, Q, 2 5 X 108
* Operating temperature: 4.4 K

® Power Couplers
* Designed to handle 200 kW CW
* 70 kW CW maximum on LIPAc

® Eight superconducting solenoid packages designed and procured
by CIEMAT
* Two-nested solenoids to focus the beam (6T) with reduced
fringe field (20 mT on cavity flange)
* Two steerers for horizontal and vertical orbits
* Beam position monitors (BPM) and micro loss monitors



A\ SRF Assembly at Rokkasho

Connecting a cavity in
the clean room

Vi

Unloading to the LIPAc
Building

Insertion of cold mass into the
cryomodule

Ready for beam operation in 2027



e Li technologies validation activities 'F”‘F)

Fluiddynamics stability already shown around 10y ago (ELTL loop in Oarai —biggest Li loop in the
world- in the framework of IFMIF/EVEDA project)

Key pending topic: impurity control (s
Hydrogen trap E e
1/10-scale test Li loop in Japan 1/1-scale test Li i loop in Europe )

NNNNNN

Operatlonal durlng 2026

Fully operational
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Distance to the

MuVacAS Experimental Setup
Multipurpose Vacuum Accident Scenarios

Normalized rotor speed|[-]

Safety technologies validation activities

o o =
o © o

o o o 0 o O O O
o Rk M Wwhkh oo N

&F

}
" —s— =
r 3l —— ==

® He - 1000 slpm
¢ He-100slpm
A He-10slpm

® He-1slpm

0,2 0,4 0,6 0,8 1
Elapsed time Post He Injection (s)

Wavefront detection for various He flow rates

Electromagnetic Pump
Coast Down Curves and Transient
Validations (IPUL-Latvia)

= EMP with no Fly-Wheel
= EMP wiht Fly-Wheel

Fly-wheel -,

Liquid metal.

20.0 40.0 60.0 80.0 100.0 120.0
Time [s]

(FMIF

LiFire Facility (CIEMAT)

|
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 The fusion-like neutrons facility Project
« Validation and prototyping activities

« Experimental capabilities



DONES

N IFMIF-DONES Experimental capabilities

IFM[[)

Collimated neutron beam facility — behind the Test Cell

I e B
XY plane (Z=0)
> (horizontal) | —I l_
L i
[ - |I ‘ | i |
| g L V i
o | a L Neutron flux at DONES .
: DONES Test Cell LTz 10° s R

ZY plane (X=0)
(vertical)

. Tﬂﬁj ‘
A/ SS IS/ 11117744777 7777 m===

L=

Experiments with pulsed deuteron & neutron beams
(one level below the accelerator vault) E.g. nTOF

neutrons /(cm?s-ALnE)

(highest neutron flux)

Experiments with
continuous neutron

//

beam

102

10°
Neutron energy (MeV)

Neutron flux (cm2s'MeV")

Pos B - 1.510''n/(cm”s)

Pos C-1.410_'n/(cm”s)
Pos D - 8.110°n/(cm?s)

w'm laT]
070 20 30 40 50 60
Neutron energy (MeV)



(FMIF

HFTM for fusion materials qualification

DONES baseline focuses on the High Flux Test Module (HFTM) for high-priority structural materials irradiation.
Objective: to irradiate a large volume of SSTT samples in the high flux region of DONES. First-to-be-

* Heating: Nuclear 2.3 W/g peak,
17 kW tot., 1.5 kWe per capsule

* Cooled by low pressure helium
gas (0.3MPa, 50°C), Sodium heat
transfer filler

* Lifetime: 1year / 2.5 years (53
dpa). Body made from 316LN
(acc. RCC-MRx)

- Applicable, with small
changes, to steel, ODS-
steels, Copper alloys
and W materials
irradiation

Lithium target:
neutron
source

installed irradiation experiment

Interface head for coolant helium, power
& signals are implemented on the top to enable
remote maintenance (robotic arms)

Helium flow neutron reflector
0.18 kg/s

specimens

Attachment
Adapter

Eurofer

Container
316 L (N) Y

Insulation

Gap
(stagnant
Helium)

rradiated
‘ area 20x5 cm?

Irradiation
rig
AAP

Lithi
,Flél:vm = \ Channels
0.1m¥s | [ SN g 3 for helium

coolant flow
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DONES

HFTM

Target

Assembly|

For other materials properties (in-
situ creep-fatigue, in-situ
diagnostics, in-situ
superconducting materials, in-situ
corrosion testing,...)

For tritium technologies validation
(in-situ ceramic breeder, in-situ
liquid breeder,...)

For divertor technologies
validation

On-lime: Ibium measurement

Purge He « tritiuim Purge He + it

/f"'\ . . .gn .
@) Materials and breeding blankets qualification

IFM[[)

TBU for the WCLL and HCPB - basic elements

Volume: 400 x 400 x 900 mm?

TBU effective
volume

400

400

— 346 MM

Dimensions of HCPB blanket breeder zone

1000 mm
Dimensions of WCLL blanket BZ + manifold

IT

Karlsraes instinut filr Technologie
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(FMIF

The objective of the DONES Programme is not only for building the IFMIF Facility...
DONES PI'Og mme Phases but also to operate and to exploit it!!

o L N (Y & O o Q ) o o ()
S o § $» o5 W S £ ©
2 & > o 5 < o w° o o 5 '»0
T 1 > 4
| |mu»)
|- ion results for ign of
: Broad h ithi —
Validation Phase (IFMIF/EVEDA) Broader Approach sapan the Accelerator, Test and Lithium Systems
besignand o— .

A Engineering wreus i @) EUROFuston

Phase (13 countries)ca. 70-100 ppy in
I research units and industry

1 IFMIF

{ DONES
Site Selection FUSION Selection of EscCzar site GRANADA
Process ENeRey near Granada, Spain

IFMIF-DONES being recognized as one of the strategic research
infrastructures in Europe — ESFRI Roadmap 2018

@ G of IFMIF=DO ility. Start of C
Phase 2023. Estimated construction time 10 years

—_—
I 2029-2034
== \ fﬂ L Integrated beam commissioning

ND2025 itucieanoas,

o . ::—*, ‘!i"

1 and power ramp-up
w B
= Critical path milestones
< + Project “start” L]
= —_——————————_____—_—______———_______3
g + nital tearm build up 1y IFMIF-DONES is designed for 30 years of lifetime.
S St praraton contract wy (20 years of full operation)
& * Buldings and Flant Systems contrat ay
@  Buiding ready oy
z  njctor contract way
2 * ijector ntllaon
- Araconrat ay
+ Rruinstllation and commissioing y
+ SHPlinaccomrce sy
 Startof SR nstallaion and commissioning 48
- DONES(integrate) commissioing oy
 Sartaf DONES peration sty
& & s/ 9/ & 2 & 8 8 ¢/ & rJ
& VAR AR AR 4 /4N AR & AR A

+1-2 years of irradiation and +1-2 years of PIE
First materials data around T0+(13-15)y

NP 2025 | poge 2 A. Ibarra et al | FEC| Chengdu (China) | October 18! 2025 | Page 26
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DONES

Summary

A fusion-like neutron source for qualifying fusion materials is urgently needed for
fusion development as a viable energy source. The more feasible one is based on D-
Li reactions

IFMIF/EVEDA project (included in the EU-JA Broader Approach Agreement) has
played and plays a key role for the validation of key technologies required for the
development of this type of facilities

The DONES Programme, including the IFMIF-DONES facility under construction in
Granada, has entered into its Construction Phase...

DONES will be able to provide materials data as well as other fusion technologies
validation required by the fusion technology development
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DONES

Available Irradiation Volume
(cm?) vs DPA (dpalfpy)

Irradiation capabilities 'Fmv

Key parameters for the different irradiations:
* Total neutron dose (EoL of the material under study)

* Dose rate

* He and H transmutation rate (He/dpa and H/dpa ratios) Available Irradiation Volume (cm?)
vs He/dpa ratio (HE appm/dpa)

* Temperature range

1000 | % * Temperature stability
d LY
N\
.,
%,
N
100 N 100 E
- \ r
IFMIF-Full
. DONES 10x5
0¥ DONES optimized 10k
\ . L
DONES 20x5 "\ DONI'ES10x5 | DONES optimized
1 1 1 1 1 1 1 1 |\I 1 |..-I L 1 L L 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]

0 1 3 4 5 7 8 10 11 12 14 15 16

30 35 40 45 50 55
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DONES

IFMIF-DONES design is flexible, in order to accommodate

1000 f

Volume (cm?)

100 F

Irradiation capabilities: flexibility

for different irradiation conditions

S IFMIF-Full

DONES 20x5 s

~ DONES 10x5

DONES
optimized
Ly

0 5 10 15 20 25 30 35 40 45 50 55
Damage dose rate (dpa/fpy)

Flexibility on:

Continuous or pulsed irradiation

Dose rate (beam current and shape)

Neutron spectra (i.e. He/dpa and H/dpa ratios)
Temperature range

Irradiation modules

(FMIF

Variation of the damage dose rate of the central part of the
HFTM for different IFMIF-DONES parameters

25 A
=+=Beam Energy [30 - 45] MeV

e 225 4 == Back Plate thickness [0.18 - 1] em
g Lithium jet thickness [2.3 - 2.7] cm
= 20 A —=NSS thickness [0 - 6] cm
- =
p=R =
e
;\§-17'5--.-—I-=._—_.—-—— LT
I ik TN
=hs=] -
B = ) it T
2 15 —————
=1
£ 125 -
0o

10 T T T T 1

0 0.2 0.4 0.6 0.8 1

Available irradiation volume of the central part of the HFTM
vs He appm/dpa for different IFMIF-DONES D energy

A -
100 + !
E -
E e
/
™ F !
E
2 10 ¢ ,’
S
= ]
= ! —45 MeV
> 1+ ¢ - 5 f | i e 40 MeV
1 : 35 MeV
1 il = 30Mev
01 i

5 6 7 8 9 10 11 12 13 14 15 16
He Ratio [He appm/dpa]



S\ IFMIF-DONES test area i

DONES

O Available irradiation volume in DONES is huge and represents an important benefit >
large margin to propose new experiments.
Target Assemble (TA)
[ ]

= i |

x-axis: 1.37 min the direction of the beam
(excluding the HFTM)

y-axis: 4 min the vertical direction

z-axis: 1.5 m in the horizontal direction
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