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THE HIGH CURRENT PROTOTYPE ACCELERATOR OF IFMIF/EVEDA
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Global Energy Consumption 1965-2014

Fusion potential energy solution
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= hydro The first wall
tudear of the reactor vessel shall
2,000 (el

. absorb neutrons energy

ITER first wall will present
3 < dpa at the end of its operational life

Ih a Fusion power plant
~30 dpa per year of operation

Two transmutation reactions become critical
>PFe(nja)7>Cr
and
>6Fe(n, p)°>*Mn
with n threshold energies at 2.9 and 0.9 MeV
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_l_FWD = Unique features of fusion materials

Structural Fusion materials are to withstand the combination of

Faloidal field coil

Toroidal field :
= High fluxes (and fluences} 30 dpa/year - —
10%8 n/m?s g 2 el

Cyclic stresses
Ao > 100 MPa
(Maxwell stresses

fracture toughness
Crack growth rate.

Thermal loads
>10 MW/m?
(critical in W based divertor)

W crystallizes
if T>1300K
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He&H generation 0.3 He/dpa
~12 appm He/dpa with fission neutrons
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Neither fission reactors (0.3 He/dpa) nor spallation sources (>50 He/dpa)

give needed answers
J. Knaster, A. Moeslang, and T. Muroga,
Materials research for fusion, IPAC 2016

Nature Phys. 12, 424-434 (2016) Busan



-'.FM"? =4 The necessity of a Fusion relevant n source

Understanding the degradation of physical properties
of the materials critically exposed to 14.1 MeV n qux

is a key parameter to allow WA
accomplishment of the design of a fusion power plant .

and Remate handling
Its IlcenSIng : enkets FZ NI e :":
Fluences in ITER will be reduced O N g
ITER’s objective is to show stable plasma operation Mg

under DT fusion reactions

But future power plants will have to show
this stable operatlon for long periods with minimum preventive maintenance interventions

Material scientists need experimental data
given the number of variables
playing a primary role in materials degradation

neutrons spectrum

neutrons fluence
material temperature
thermo-mechanical history
microstructure

mechanical loading

lattice kinetics...

Fusion relevant neutron source is indispensable



-'.FM'D == Four decades of work towards a Li(d,xn) facility

A worldwide R&D and design work
has continuously been in place since the ’70s

P. Grand et al,, An intense Li(d,n) neutron radiation test
facility for controlled thermonuclear reactor materials

testing, Nuclear Technology, Vol 29, p. 327 (1976) ) y ko Test
. Li(c/,xn) N
' ~Facility
LEBT MEBT HEBT S - r
lon ‘ rcorjducti
source "I‘I i' I' I T
100 keV 5 MeV 14 5 26 40 MeV
it 1
Neutron
E, ~0.4E,
Accelerator Facility
R. Serber, The Production of High Energy Neutrons by Target Facility

Stripping, Phys. Rev. Vol. 72, No 1, December 1947

FMIT (80s in the US) — ESNIT (90s in Japan)
IFMIF for last 20 years
Initially as a US, RF, JP & EU collaboration up to 2007

IPAC 2016
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IFMIF/EVEDA

Signed in February 2007
Entered into force on June 2007 |

| 1111
[ |1

IFMIF g
International Fusion Materials Irradiation Facility

_ EVEDA
Engineering Validation & Engineering Design Activities

Article 1.1 of Annex A of the BA Agreement
mandates IFMIF/EVEDA

...to produce an integrated engineering design of IFMIF and the data
necessary for future decisions on the construction, operation,
exploitation and decommissioning of IFMIF, and to validate continuous
and stable operation of each IFMIF subsystem

IPAC 2016
Busan
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LEBT HEBT Lithium Target
lon Thickness 2541 mm T
source FJ ow speed 15 m/s estce”
|2 x 125 mA (100% duty cycn'e)_l
lon
i SEaW <
200x 50 mm?
100 keV/ 5 MeV/ 145 26 40MeV
l I I I I I l I l Availabletestingvolume and dpa
High >20 dpa/y in 0.5 liters
Medium >1 dpa/yin 6 liters

Two concurrent =
125 mA CW deuterons beam
at40 MeV ‘

impact with ‘

A flux of neutrons of ~10'® m?s'*
is generated in the forward direction
with a broad peak at

14 MeV
and irradiate three regions

>20 dpa/y in 0.5 liters
>1 dpa/y in 6 liters
<1 dpa/y in 8 liters

Availability of facility >70%

IPAC 2016

J. Knaster et al.

a beam footprint of 200 x 50 mm?
on a liquid Li screen
flowing at 15 m/s
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.'_F{‘_’"F) _ EVEDA = EDA + EVA Phases

Engineering Design Activities — EDA phase
 Successftully delivered on schedule

J. Knaster et al, The accomplishment of the Engineering Design Activities
of IFMIF/EVEDA: The European—Japanese project towards a Li(d,xn)
fusion relevant neutron source, Nuclear Fusion 55 (2015) 086003

— g . . \ ‘ T
' Access C_ell\n;\
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A Examination
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J. Knaster et al. IPAC 2016
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_'_F{‘_"_"y - EVEDA = EDA + EVA Phases

Engineering Design Activities — EDA phase
+ S@J@@S@fﬁ@ﬂﬂy delivered @"S@[ﬁ]@ﬂ

Valldatlon Act|V|t|es = EVA phase

Lithium Ta rget
9 D* Accelerator Thickness 25 +1 mm
incident current 2 x 125 mA CW Flow speed 15-m/:
HEBT

LEBT MEBT '
ol g ST m|x|v %@g' HI-Q8E

-100 keV 5 MeV 14 5 26 40 MeV

140 mA CW I I ] I ]
High Flux Test Module
RF Po m 12 capsules (>1000 specimens)

250 °C < T,p< 550°C
+/-3% AT per capsule

IPAC 2016 J. Knaster et al., /IFMIF: overview of the validation

J. Knaster et al. activities, Nuclear Fusion 53 (2013) 116001
Busan



IFMIID EVEDA = EDA + EVA Phases

Engineering Design Activities — EDA phase
 Successtully delivered on schedule

Validation Activities — EVA phase

, [ | [ ] [ | | | | ] 5] ‘ " Ty ._. | | | H | ] \ -
{ Lithium Target 1

' p D* Accelerator ‘ o Thickness 25 +1 mm

I incident current 2 x 125 mA CW [ How SPiEd 13 ms I

| LEBT MEBT " HEBT

lon V

O YT 0 ’i e Egall H-OSE

| 100 keV 5 MeV 9" 145 26 4QMeV

] womacw | ||| I|I | 1
High Flux Test Modu €|

! - I 12 capsules (>1000 specimens)

\ 250 °C < T p< 550°C a
. +/-3% AT per capsule

7

i
|
|
|
i

IPAC 2016 J. Knaster et al., /IFMIF: overview of the validation

J. Knaster et al. activities, Nuclear Fusion 53 (2013) 116001
Busan



'FM"") - EVA Phase — Target Facility

Electric Power  Industrial HVAC k =

~ Lithium Target

| . -
D* Accelerator Thickness 25 £1 mm
Flow speed 15 m/s
incident current 125 mA

MEBT HEBT
lon derconiducti
source . . T AT 1 . cavities 7 %

100 keV 5 MeV

it 1

IPAC 2016
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IF ”’"9 EVA Phase Target Facility

Bayonet backplate
remote handling
Brasimone

ELTL in Oarai

. ) /Lithium Target
: Thickness 25 £1 mm
XI Flow speed 15 m/s

LIFUS6 in Brasimone

ENEN

Unique experimental data

E Dayl(t=1h) Day 25 (t=570h)

World biggest liquid lithium loop SsEEEEEE Z".

Kondo, H. et al. Validation of IFMIF liquid Li target for o et 2 £SEE
IFMIF/EVEDA project, Fusion Eng. Des. 9697, 117122 (2015). v s Vo




IFMIF) EVA Phase — Test faCIl ty

Test Cell Cover plate

Piping and Cabling
Plugs

Beam ducts

Test Modules

Lithium Target
Assembly

Interface

Lithium quench Tank Shielding Plug

MEBT HEBT

lon I I dercorlducti
source. -t 1 T -5 %
100 keV ‘ 5 MeV 4.5 26 40 MeV

iy 1 QST
AT Ciomet @@lﬂ'ﬂ-
- @ B 2 gy X
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I_FM'F) __ EVA Phase — Test facility

IFMIF TEST MODULES

P

(FW, blanket) Be, Li-ceramics irradiation space

I |> <|;, d I Te
structural materials reeder mat. auxillary st C
g =y Celf

HFTM-DC = "
in Karlsruhe @ @

F. Arbeiter et al, Design description and validation results for the IFMIF High Flux Test 14
Module as outcome of the EVEDA phase, Nuclear Materials and Energy (2016)




‘FM"D EVA Phase — Accelerator facility

IEMIE = . } o
LIPAC |

]~ 1.125 MW

ACamaieah -;' Small but challenging

] D* Accelerator \
I incident current 2 x 125 mA CW i
I LEBT MEBT
Cn o m) I.' H“ 1
I 100 keV 5 MeV 145 26 40MeVv
- womacw | [[] | II | 11
! : QST
\ Y pam v Em r EE s o ’ @ &?’? < @

IPAC 2016
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(FMIF)
) LIPAc, the accelerator of records

LIPAc is very ambitious
World’s highest current linac =
World’s top H*&D* injector performance ' '
World’s longest RFQ | e
World’s record of light:hadrons current through SC caV|t|es
World’s highest beam perveance "

LIPAc IFMIF
A

A Design

Materials, Life
= LEDA DD = ! @ Achieved

_____ ,{/_") Science, ADS

10 MW

High Energy,
Nuclear Physics

00 | kw Pll-l

&IKE J-PAIE;M
. NuMI
CNGS
1 kW S

Rare Isotope Beams
1071 TN TR T I WY1 M BRI 1)

1090 10 100 10° 10 102 10
Beam Kinetic Energy (E/ A) [GeV/u]

Figure 1: Hadron accelerator power frontier.

Average Beam Current (I-A/Q) [pA-u]

|
iely - : ‘,f fl
The Llnear IFIVIIF Pfototype Accelemter :
(LIPAc) de51gn deve/opment under the 1
=

i

|

- |

=
IlIIﬂTI TTVI—T T T

European-JapaneSe co/laboratfon
IPAC 2106 MOPOY57

IPAC 2016 J. WEI et al.,, The very high intensity
future, IPAC 2014, Dresde

J. Knaster et al.
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_'_FM'F)
Equipment designed
and constructed in Europe 5
“Installed and commissioned in Rokkasho

Rokkash

l] Injector + LEBT

T g AT

INFN Legnaro MEBT SRF Linac

® | CIEMAT Madrid _ CEA Saclay 5
n i e CIEMATMadr/d E
P HEBT E
CIEMAT/\/Iadrid |
B B Diagnostics SRR :,c,: Mlstay | EMAT Madrid
= CEA Saclay adiac K
CIEMAT Madrid

CEA Saclay  [E= RF Power

CIEMAT Madrid _—
3, FUSION Building
2% FOR CEA Saclay e
>’ ENERGY Auxiliary System
SCK Mol
Control system
Installation
QST

Are we technologically ready?



| think we are

Fusion materials needs have historically boosted CW linacs research

J. Knaster & Y. Okumura, Accelerators for fusion materials testing.
Reviews of Accelerator Science and Technology Vol. 8, (2016) 115-142

First attempt of constructing
a Li(d,xn) fusion relevant neutron source was in the early 80s

19 9 - The Fusion Materials Irradiation Test facility |
' FMIT

E. W. Pottmeyer, The Fusion Material __;.;:;"’;u,r‘l," A
Irradiation Test facility at Handford, J. S e
Nucl. Mater. 85-86, 463-465 (1979) 've /

Fig. 7. Layout of the FMIT accelerator

An accelerator of 100 mA in CW at 35 MeV was required

J. Knaster et al. IPAC 2016

Busan
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A validating prototype was constructed in Los Alamos
a 100 mA in CW H,*at 2 MeV linac |
that would be upgraded witha 5 MeV DTLinCW

CW operatioh was achieved briefly
but the RFQ swiftly damaged

W.D. Cornelius, CW operation of the
FMIT RFQ accelerator, Nucl. Instr. Meth.
Phys. Res. B10/I1 859-863 (1985)

s nta e outer section.
nRer resonator, or core. A 15-keV beam i3 injected {arrow, left in the Figure) and accelerated to 2

and the project cancelled in 1985

IPAC 2016
Busan

J. Knaster et al.
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Beam dynamics understanding was insufficient

H,* was assumed to behave as D* s
Stripping and dissociation of Hy*
led to unexpected large beam halos

Beam quality injected in RFQ was poor
Cathode based ion sources
: 110 mA CW at 75 keV
demanded currents >250 mA
space charge induced emittance growth
and bending magnet for ion fraction separation

E.A.. Meyer et al., Performance optimization of a
cusp-field ion source and high perveance extractor, BIZA@A0kES)

Busan

IEEE Trans. Nucl. Sci. Vol. NS-28, No. 3, (1981)



11990

New ideas were proposed by Los Alamos ,teéf,n
to continue wii.th a Fusion Materials,-facility' ‘

Two RFQ at 175 MHz funneled into 350 MHz DTL :
for a 125 mA CW at 35 MeV

5rnA} El (MH)
Injector 140  0.10
RFQ 125 300 175
250 350 350

G. L. Varsamis et al., Conceptual design of a high performance
deuterium-lithium neutron source for fusion materials and
technology testing, Nucl. Sci. Eng. 106, 160-182 (1990)

Fig. 9. Layout of a fusmn materials test facility proposed in
1990 in co]labora ith LANL for the dev 1 pment of the

IPAC 2016
Busan

J. Knaster et al.




FMIF

ECR ion sources for light hadrons

A technological breakthrough took place in Chalk River labs 1T

Electron-Cyclotron Resonance (ECR) principle”
. for hydrogen ion sources was developed

Gas fractions of suitable species >90% achievable
Higher availability
No need of bending magnets to discriminate ions

R. Geller, Electron cyclotron resonance
ECR ION SOURCE RFQ ENTRANCE multiply charged ion sources, |EEE
& ExTRACTION coL L / Trans. Nucl. Sci. 23, Issue 2 (1976)

DIAGHNOSTICS BOX SOLENOID

PLUNGING BEAM
STOP APERTURE

T. Taylor and J.S.C. Wills, A high-current low-
emittance dc ECR proton source, Nucl. Instr.

0 Tﬁ Meth. Phys. Res. A309, (1991)
My, SHELD IPAC 2016

Fig. 8. Layout of ECR for Ht developed at Chalk River Laboratories for the RFQ1 project. B u Sa n




LEDA-High current CW operation with an RFQ

- LEDA
1@9@ the Low Energy Demonstration Accelerator
the validating prototype of APT _
LM. Young et al., High the Accelerator Production of Tritium project
Veon Procesdings s (100 mA deuterons in CW above 1 GeV)
LINAC 2000, Monterey succeeded to operate in CW 100 mA H*at 6.7 MeV

with 94% transmission for >100' h

Fig. 10. The eight-meter-long RFQ) of LEDA in the tuning stand.

The tuning during CW operation was successfully achieved

R. Floersch, Resonance Control Cooling with two independent cooling circuits

System for the APT/LEDA RFQ, . . .y
proceedings of LINAC 1998 , Chicago for the inductive and capacitive part

IPAC 2016
Busan

J. Knaster et al.




LEDA -Beam halo understood!

The beam halo physics were unraveled.in LEDA

HEBT and beam dump were shifted ~11 m dowhStngam | o
room for a 52 quadrupole beam transport line was made L )l

beam-halo of both N
matched and unmatched high-current proton beams ;
was studied

-+ 11 meters
RFQ 52 quadrupols FODO lathes

Winifimm nuuunmwmwn II[IIHI i I[III[I[I

WE WE WI WE WE WE WI OWE

-
BT

BLM

52 @Quadrupols Magnats

10 Stesring Magnsts
3 'Wire-Scanner, Halo-Scraper Assemblies
3 Torcdds

10 Beam-Positlon Monitors
5 Beam-Loas Monitors

Figure 4. A halo channel photograph taken from the HEBT
looking back toward the RFQ. The last four stations of wire-

Space-Charge forces in mismatChed scanner, halo-scrapers (eight units total) are visible on the right.
beams are the main source of beam haloin high current proton beams

T.P Wrangler et al.,, Experimental study of C.K. Allen et al., Beam-Halo Measurements in
proton beam halo Induced by beam mismatch High-Current Proton Beams, Phys. Rev. Lett. 89,
in LEDA, Proceedings of PAC 2001 , Chicago Number 21, 18 Nov. 2002

IPAC 2016
Busan

J. Knaster et al.




)

Beam simulations became more precise

Space charge issues play a relevant role at high currents il
being are severe at low-f b it ) e
they cancel in relativistic regions : '

Attractive Ampere forces compensate repulsive Coulomb ones

Misalignments of interfacing equipment
play an essential role '

'No need to play anymore with H,* or H* at 100 mA
to validate D* nominal requirements
from the generalized perveance expression

el

2MEFM T 3'1.#3

protons at half energy and half intensity behave
similar to deuterons at nominal conditions

IPAC 2016
Busan

J. Knaster et al.




FMIF

SC cavities for light hadrons at low-f3

LEDA initially planned an upgrade of beam energy
with two sections of CCDTL

the successful development early 2000s of superconducting spoke resonators
for light hadrons and low-B changed the ideas
two superconducting gaps towards 7.3 MeV

H. Vernon et al., Low-energy demonstration
accelerator (LEDA) test results and plans,
Proceedings of PAC 2001, Chicago

T. Tajima, et al., Evaluation and Testing of a Low-8
Spoke Resonator, Proceedings of PAC 2001, Chicago

But APT was cancelled, and so were these ideas

In 2004
LEDA was proposed fruitlessly
to the Fusion Materials community

to bridge with IFMIF ——— >
Construction Operation
D. Post et al., A potential capability for initial testing of fusion materials P A
based on the LANL Low Energy Demonstration Accelerator (LEDA) facility, | Byl LEDA" : heed
. . R usion M_aterla\s : Certification of
Proceedings of 11th Int. Conf. Fusion Reactor Materials, Kyoto (2004) Testing e
. Ex: Structural Material Structural
Conversi Screening Data me Material Instead
of 3 in IFMIF

/ a LEDA-based
N 7 testing facility

Figure 3. Schedule illustrating use of a LEDA-based fusion materials testing facility to
J. Knaster et al. N

conduct fusion materials tests prior to full testing in IFMIF.

Busan
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Upon IFMIF/EVEDA approval
a DTL was planned for LIPAc

RF Power System 175 MHz High Energy Beam Transpon
12 madules required. 1MW OW Large Bora Juad & Dipoles .ﬁﬁ"‘" -

\ 2

A. Mosnier and U. Ratzinger,
IFMIF accelerators design, Fusion
Eng. Des. 83 (2008) 1001-1006 '

Drift Tube Linas [DTL)

LEBT "' CW 175 MHz, 13 Tanks

ECR |
SO

Fig. 12 Schematic layout of the EVEDA prototype acceleraton

Radio Freguency Quadrupole
""" CW 175 MHz, Matching Sexfion ic RFQ

lon Injector (deuteran)
EGR Source, 140 méA, Magnalic LEET te RFQ

Fig. 1. Sketch of one IFMIF Linac.

Successful development of QWR & HWR last decade
Suitable for our operational conditions (B = 0.07)

1000 - - ﬁxxzxxﬂ
@:m

LA
-

~1am ~5m

M. Kelly, Superconducting Radio-Frequency Cavities for
%l Halfwave Low-Beta Particle Accelerators, Reviews of Accelerator
[!J Science and Technology Vol. 5 (2012) 185-203

Frequency (MHz)
=

Particle Velocity [[i=we]

10
1=0,1 1=
Fig. 1. Practical superconducting cavities spanning the ful I PAC 20 16

range of low and intermediate values of beta.

Busan



Figure 2: Phase-I 4 MeV protons and 5 MeV deuterons linac in the 4.5 m W, 5 m H and 25 m long beam coridor.

J. Knaster et al.

IPAC 2016

) Half-Wave Resonators in CW

SARAF operated in CW
176 MHz HWR

1| .
H | 3
i h
i H 4 I J L | '. g
| | / _‘_' i .-.“:.‘ | .
\ i 7 Beallchamtantl f S o
/ ¥ ,I e " 'y — |
: Al . Q
- = - 4 L
] Al
A=l
gy I A F
J 3 ¥
A

D. Berkovits et al., Operational experience and
Future goals of the SARAF proton/deuteron
linac, Proceedings of LINAC2012, Tel-Aviv

Busan



_IFMIF
) Half-Wave Resonators in CW

SARAF operated in CW 5
176 MHz HWR

D. Berkovits et al., Operational experience and
Future goals of the SARAF proton/deuteron
linac, Proceedings of LINAC2012, Tel-Aviv

Figure 2: Phase—I4Me‘-\fpmton5 and 5 MeV deuterons linac in the 4.5 m W, 5 m H and 25 m long beam coridor.

but reliably 1 mA protons at 4 MeV

J. Knaster et al. IPAC 2016

Busan



)
In LIPAC we aim 125 mA CW deuterons at 9 MeV
The challenge is heavy ]
but we are implementing 2z |
best possible technological choices
~and available knowhow

IPAC 2016
Busan

J. Knaster et al.







"ECR H*/D* source + LEBT
developed by CEA Saclay

D*(95% species fraction)
lon Source ECR (2.45 GHz) - CW
E =100 keV
| =140 mA
emittance of 0.25 m mm-mrad
’ Availability > 95%

Gas fraction >90%

R. Gobin et al., IFMIF injector

acceptance tests at CEA/Saclay: and commissioning of IFMIF
140 "LA/ 100 'ke\./ deuter ON " ' LIPAc injector, , Rev. Sci. Instr.
beam characterization, Rev. Sci. 87, 02A739 (2016)
Instr. 85, 02A918 (2014)

lon source + LEBT

Y. Okumura et al., Operation

SILHI, the High Intensity Light lon Source of 100 mA 95 keV
is operating in Saclay since 1996

P.Y. Beauvais et al, First beam of the CEA-Saclay CW high

J. Knaster et al. Intensity microwave source, PAC 1997, Vancouver




165 15 e S
’ﬂ i-an—= s
160 B ECRion
source
155 \{
% <f
150
145
‘L 140 —
8 135 Four Grid
Analyzer
180 Beam Stopper 1
(Faraday Cup)
125
CID: Charge Injection Device;
120 ACCT: AC-Current Transformer; z
TMP: Turbo-Molecular Pump
115

110

now well reproduce the experimental transmission and emittances

J. Knaster et al.

125

Commissioning is advancing'
H* at 55 mA and 50 keV in CW
D*at 110 mA and 100 keV (10% d.c.)

Emittance [pi mm mrad] + |_BS [5A/line] plot (50 keV H+, 2016/Mar/23-24)

Has 1
| B.Bolzonetal. 1

I lntermed/ate comm/ssronmg results of :
s the H+/D+ ECR injector of iFMIF/LIPAc I

:/ IPAC 2016 - WEPMYO033 :

———-——-—-—ﬂ————-————-—

{.

cone
RFQ flange

(12mm¢
aperture) +
electron

Solenoid 2
+ Steerers 2

Beam
Stopper
2

I—
T I

130 135 140 145 150 155
SOL1 (A)

Efforts for further reduction on emittance values

< 0.3 m mm-mrad
Simulations by INFN Legnaro

IPAC 2016

Busan

s neutrallzatlon measurement of hlgh

mtenSIty D+ beams for the Linear.
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J. Knaster et al.

A-vanes REQ at 175 MHz
Eoutput T M(?V
output = 125 MA in CW
9.7 m long (5.7A)

M. Comunian et al., Beam dynamics redesign
of IFMIF/EVEDA RFQ for a larger input beam
acceptance, IPAC 2011, San Sebastian

Rveled by INFN Legnaro INFN

A. Pisent et al., IFMIF/EVEDA
RFQ design, EPAC 2008, Genova

Max surface field 25.2 MV/m (1.8 Kp)

IPAC 2016

Busan
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i, Ceramic Bead

-.v-""‘jf

Tuning results

Voltage error of +1 %

Fig. 11. A 9.7m aluminum full scale prototype of the RFQ

A. Grenspan et al.,, The IFMIF real scale
aluminium model: RF measurement and
tuning, IPAC 2010, Kyoto

L—/,
I;/;\\
IFMIF RFQ TUNING PROCEDUI%&SZ/@g\

(preliminary) oS
In the tuning procedure of the IFMIF RFQ, the intra-vane voltage is deducted by magnetic field measurements with met%\e//b -\
technique. Initially the measurement is performed with provisional Aluminum tuners and end-cells. In the initial measurement, tundNe /6/7
insertion depth, then tuners are adjusted in their insertion depths following the indication of the tuning algorithm, and the end-cell ir&\
depths are adjusted as well in order to obtain the proper voltage slope at RFQ ends. The mesurements are iteratively repeated up to th
attainment of the f0=175 MHz target frequency and of the Vg voltage specification 2% variation wrt nominal one Vg0 both for Quadrupolar and
Dipolar perturbing terms (i.e |AVq/Vq0]< 0.02 and |AVd/Vq0|< 0.02 ). The RFQ length is 9.8 m (5.7 )

y 2

Initial Measurement f0=174.255 MHz Final Measurement f0=174.994 MHz

3 T T T

2572

. . .
Measured normalized voltage

Measured normalized voltage
Nominal normalized Voltage

Nominal normalized Voltage
L.l |Avq/vq0]=0.15 , esmen meo | .sk |AVq/Vq0|=0.015
| AVd/Vg0]=0.02 R | AVd/Vq0]=0.018

memad welly |

Vpg Vipg
[

—a—a
vgh{zinterp)
:qs( ?:n(erp] e
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Next steps: replacement of the provisional Al End-cells and tuners with definitive Cu ones (in batches) and confirmation measurements
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9:8 m'long RFQ. L

',/

during bead pulling exercise

A.

! Perturbation analysis on a 4-
vane RFQ, IPAC 2010, Kyoto

1 6

Palmieri et al.,

I integration of the IFMIF-EVEDA RFQ, I

P. Mereu et al., Mechanical |

~ IPAC 2016 — THPMYO025 : :




\ 2057 mm
]

P~ 15 Tons

—————

KHK licensing

| SRF Linac |
| Superconducting HWR (x8) resonators at 175 MHz B/t s iy
H. Dzitko et al, Technical and logistical Einput= 5 MeV

challenges for IFMIF-LIPAC cryomodule B =9 MeV
— o

construction, SRF 2015, Whistler, output™
Beam loss < 10W

E...=4.5 MeV/m

FUSION
* FOR

ENERGY
Components under fabrication in Europe

will be assembled in Rokkasho during 2017
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I Engineering issues of the medium.
| ‘energy beam transport line and srf
I - . linac forthe LIPAc = .
Roictiatod ijc 20;16-{TI_~IYA01_ i yF—

L‘--_-_----------"-- LS =

J. Knaster et al. IPAC 2016 37

Busan



_IFMIF

Challenges basically everywhere

Alighment of equipment F. Scantamburlo et al., Alignment of

. LIPAc, the IFMIF prototype high
current accelerator: requirements
and current status, IWAA 2014

J. Marroncle et al, IFMIF- uncertainties of 30 um

LIPAc Diagnostics and its

Challenges , IBIC 2012 . \
beam instrumentation

Low energy & High current beam

1 PA P Nghlem

: Advanced Concepts and Methods
B for Very ngh Intensn‘y Linacs:
|
I

IPAC 2016- THYAO1
____--Ez-ls--iA------l Cryogenic p-loss monitors developed by CEA

can allow halo mapping & core-halo matchm.g

N. Chauvin et al,,
. Start-to-end beam

Beam dynam|cs A dynamics simulations
for LIPAc, IPAC 2011

.....

RF power TR Scantamburlo etal.,
RFQ chains - 8 x 200 kW I Beam Induced Damage Stud/es

' ' SRF Linac - 8 x 105 kW : ofthe IFMIF/EVEDA 125mA CW
—----—----—--------‘ st
l Ll A Marqueta et a| oot ey B I 9 l\/leV D+ LlnearAcCelerator
TR TR unchers —2 x 16 kW SSPA
| Wachie protection ond safe | | eacois weewrons
I Operatlon of LIPAc Lmear Accelerator 1
B _IPAC 2016- THPOY035 : Tuning of SRF linac in pulsed mode & MPS

Beam dump
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Challenges basically everywhere

Alighment of equipment F. Scantamburlo et al., Alignment of

. LIPAc, the IFMIF prototype high
current accelerator: requirements
and current status, IWAA 2014

J. Marroncle et al, IFMIF- uncertainties of 30 um

LIPAc Diagnostics and its

Challenges , IBIC 2012 . \
beam instrumentation

IPAC 2016- THYAO1 = |
------E-l--I------l Cryogenic p-loss monitors developed by CEA

can allow halo mapping & core-halo matchm.g

i'“"";;;ﬁ;,,,:;‘ff‘“i Low energy & High current beam A
| Advanced Concepts and Methods : : i St'a,t_to-end bea,»;:,
: - for Very ngh Inten51ty Llnacs 1 Be am dyn amlcs ‘ - dynamics simulations
I

for LIPAc, IPAC 2011

RF power I 'F. Scantamburlo et al., :
| RFQ chains - 8 x 200 kW : ‘Beam Induced Damage Stud/es 0
= ' SRF Linac - 8 x 105 kW I ofthe IFMIF/EVEDA 125mA CW': 1
-?-‘.'-‘.--------'-!‘---t-._"‘ -"|
I A Marquetaetal., 1 3 I 9 MeV D+ Linear Accelerator |
e d unchers —2 x 16 kW SSPA o
: Machme Protect/on and Safe G : ' ik _'EA_C E(EE_‘AEE“AR_O‘E_ ol
I Operatlon of LIPAC Linear Accelerator 1
L’ ~ - IPAC:2016- THPOY035 : Tuning of SRF linac in pulsed mode & MPS

Beam dump

Limited resources
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=|0ur technical challenges are enormous

: jl g £ | 1 Ay . w
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== L W|th limited budget

B
strlct cellmg set in the Broader Approach Agreement

N HE

Why are we succeeding?
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.

Our technical challenges are enormous

We are an ‘in-kind’ project-'
with limited budget
strlct ceiling set in the Broader Approach Agreement

Why are we succeeding? ‘

We have managed to settle essential aspects
Team spirit
Empathy with the ‘in-kind’ suppliers
(and all possible support)
Trustful and fluent communications at management level

IPAC 2016
Busan

J. Knaster et al.




L) _ Yes, we can!

T e : i PACara etal i ”~}:
BRSO <sfoning | : The L/near IFMIF Prototype Accelerator 1
has started I (LIPAc) deSIgn development under the _ﬁ 1:

:, European—Japanese col/aboratfon ;"‘ :

:_ IPAC 2106 - MOPOY57 ;.:*‘:_-.:ti 1

LEDA run 100 mA in CW at 6.7 MeV

We hope we can say in the future

IPAC 2016
Busan
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-'F"’"F) Yes, we can!

F igure .?. Pha.':es with re.':pecr to rfm d:ﬁﬁrmnt stages

i

I P Lara et al.

: The L/near IFMIF Prototype Accelerator
: (LIPAc) deSIgn development under the _ﬁ
|
|

Phase B commissioning
has started

European—Japanese col/aboratfon -
IPAC2106 MOPOY57 lg;L"._-.L‘j'

it
I
I
I
I
I
B
B
I
I
1
B
I
1
I-
I
I
I
I
I
I
I
I
I
| 9

LEDA run 100 mA in CW at 6.7 MeV

We hope we can say in the future

LIPAc run 125 mA D* in CW at 9 MeV



'.FM"? . A Li(d,xn) yes, but less ambitious

Ideas for a simplified version
One only accelerator

DONES in Europe

A-FNS in Japan

are maturing

Decisions are likely to happen in 2016

HEIDINGER, R. et al., Technical analysis of an
IBARRA, A,, et al., A stepped Approach early fusion neutron source based on the

from IFMIF/EVEDA toward IFMIF, Fus. enhancement of the IFMIF/EVEDA accelerator
Sci. Tech. Vol. 66 July/Aug 2014 prototype, Fus. Eng. Des. 89 (2014) 21362140



Thanks to the EU-JA IFMIF family
(and all people involved in former phases/prOJects)
for their reS|I|ent enthu5|asm |
crucial for the present success of the program

s, o [ QST

N -y
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and thanks to you for your attention
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