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NMNocesawaerca namatu Prof. Paul E.M. Vandenplas

Born: 08/12/1931 in Ixelles (Belgium)
Deceased: 20/10/2016 in Woluwe-Saint-Lambert (Belgium)

Civil Engineer and Ph.D. in Physics
Professor Emeritus at Royal Military Academy and Université de Mons-Hainaut
(Belgium)

Past mandates:

» Ex-director of the Association “Euratom-Belgian State ”for Controlled Nuclear Fusion
* President of the Programme Committee of EURATOM Fusion

* Vice-president of the Advisory Committee for the EURATOM Fusion Program

» Board member of the Joint European Torus (JET)

* President of the Belgian National Committee for Pure and Applied Physics of

the Royal Physical Society

President of the Plasma Physics Division of the European Physical Society

Foreign Member of the Ukrainian Higher Education Academy of Sciences

Prizes and distinctions:

» Triennial Prize, Alumni Association of the Ecole Polytechnique (RMA)

* Prize Georges Vanderlinden of the Belgian Royal Academy of Sciences
« Member of Academia Europaea

* Grand Officer of the Order of the Crown

» Grand Officer of the Order of Leopold Il

» Officer of the Order of Leopold

* Knight

* Minerva Prize




NocnegHue cBepgeHna o6 nccneaosaHuax B obnactm YTC B mupe

ITJ[UI‘L“
physics

Nature Physics,
Mei 2016

“Insight Section”

66 pages
last minute info !!!

http://www.nature.com/nphys/journal/v12/n5/index.html
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CopaepxaHue

 JET — pe3ynbTaThl, NONIy4eHHble B Xo4e nocregHnX KoMnaHum

e W/7-X — pe3ynbTaThbl, NONy4YeHHbIE B
Xo4e nepBou aKCnepuMeHTanbHOM KoMMnaHum

e |IFMIF — BCce NpOTOTUNHbLIE KOMIMOHEHTLI FOTOBLI
— OXXuaaHue pelleHna o Havane cTtpoutenbcrTaea!l
— % IFMIF = DONES - benbrusa ?
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JET — nporpecc Ha nyTu K D-T aKcnepumMmeHTaM U
nogarotoBke H-moabl ana ITER

Oxxecp OHreHa n gp. 44 3BeHUropoackas KoHdgpepeHuuns 13 ®PeBpana 2017 r.



ITER-noaobHana nepBana cteHKka B JET
ITER Like Wall (Be,W) in JET

ITER

» ITER-material mix (Be,W) used in a large tokamak

» “Carbon-free” environment
» Reduced tritium retention
= Loss of carbon as main radiator

® Change in operational space
» Need for better plasma control
» Need for heat load mitigation schemes

= Main goals of the ILW experiment

|. Demonstrate low fuel retention, migration
and possible fuel recovery

Il. Demonstrate plasma compatibility
with metallic walls
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YaoepxaHue nna3mbl B JET ¢ ITER-nogo6HoOU nepBOn CTEHKOU

Impact of (Be,W) wall on ITER Q=10 performance
5 | I |

 Be/W Wall similar core

T, (keV) |
& o confinement as C-Wall
m .
S Z » Edge confinement
Il 18 - : .
a 3 C-Wall different:
; — reduction of electron
T 2 ILW 0 temperature pedestal
e  Electron transport:

— Importance of small
radial scale ETG
Instabilities

|
0 0.5 1.0 1.5 2.0 2.
Te (keV) atp=0.7

(1 CPS16.213-45¢
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Xopoulee yaepxaHue nnasmbl B pexmme H-moabl ¢ Be-W cTeHKOM

Combine High-Triangularity and corner pumping

 Stationary (5s) ITER Baseline Operation at high-0 (3,,~0.4)
achieved at 2MA/2.2T

— New high-6 configuration optimized for pumping
- H=1-1.1, q4s=3.2, B=1.8-2.1, P/P, ,~2 but so far n/ng,~ 0.5

High & Low &

1.2

1.0

0.8 0} 2014 data 1

</reduced 18

0.6’...........R?'?TR'.“S..,.. [ 1%

1.2 1.6 2.0 2.4 0.3 04 05 06 0.7 0.8
By Ne pea/Ngy
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Overview latest progress ITER Baseline Operation in JET

15
® JET-C 02.0MA
®2.5MA @ 3.0MA 2018/19
3.5MA ©4.0MA  Objective”

12 @ 3.0MA - new result

3MA ILW
? .

W,, (MJ)
(o
(S
2
2

6 ._

e 3MA ILW

(2014)
0
0 3 6 9 12 15
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Be3pa3amepHbIN aHanu3 B Baseline nnaamax ¢ HU3KOW

TPeyrofibHOCTbIO
p* scaling v* scaling B scaling (B = 1.8)
— gyro-Bohm ~ stronger dependence as ~IOW v* : no dependence of
— Nno Change I'TPA Scaling transport
pedestal limit - pedestal stability —-high v* — degradation due
improves at low v* to pedestal
-~ ETC - 1,0 E R T | e
3 < pE, i O BN'”*“ ]
E‘l 0_\ JgT—'LW . ?‘&Qq | E % \ﬂ‘ JET—C E I _0__ T 0_ _O_ Lowv®
0%y ‘g o B N ;
m ~ e 10 11}
. ' h 3% | JeT-Iw | Y " B
£ - = OE % & ~
W fepth=15 ’”*‘%ﬁ? < | & |eph=18 ~ | 24 lept=1s8 0. ~ Hichv* 18
Loph=16 g op =17 TN op =17 0V e
Top =14 oph=16 'f 0B"=16 3
oloAf=1s | oqAfts Y b T
* 0.3 04 05 06 0.1 14 16 18 20
<p*> (%) <y*> BNth
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I'Ipe.qeana;l NMIOTHOCTDbL MNJia3Mbl B pexnme H-moAabl

H-mode Density limit consistent with Goldston‘s prediction
[Goldston J of Nuc Materials 2015]

. 2ne/nGW H-mode Density Limit
' | | | .| « Mass dependence x M9/16
A ASDEX Upgrade D-D A 7

8 JETD-D Aa o « Weak power dependence

O m JETH-H e H-mode Density limit
sy ¥ DD _ SOL MHD instability

—_—
o

Measured
o
==
g
-\\- ]
-
i»
I
[ ]

Important for D-T operations:

/i AA
/i‘ 1 TMeg 1Py &np/ngy t
0.6_ // H'H _§
al | | | :
0.6 0.8 1.0 1.2
Predicted
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nEOFHO3bI OTHOCUTENbHO 6¥,D,¥LIJ,VIX D-T aKcnepumMeHTOB

Core transport modelling with TGLF predicts strong isotope effect
Needs experimental validation in T-T and D-T experiments

Validation of TGLF in D-D Predictions of TGLF for D-T
T; (ke
Shos_o7 T (keV) .7 — M, =25 (D-T)
w 47 0p=07-09 7 T P.o(D-D)=11MW
’ 7 ks
© 4 AN P,..(D-T)=16MW
= 3 \\\
; g 10-Te A
B 2 - Te\\\\ \\\
g \\\\ \\\
a4 Top pedestal § o SN
from exp. z RN SN 3
/ = e
oL’ | | | | & 0 | | | | 8
0 1 2 3 4 5 0 0.2 0.4 0.6 08 1.0
Measured with CX 0
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Co.qux(ﬂHMe — Pecxn bTatbl JET

 JET results prepare the ITER active and non-active phase

— Optimise the path towards ITER Q=10 operation
— Show importance of edge physics

« JET ITER Like Wall operation and its physics understanding
show the need for an integrated vision

- Wall materials + Plasma Surface Interaction + SOL + Pedestal +
Core physics are strongly coupled

— No longer a simple scaling to extrapolate

— More refined methods needed to extrapolate to ITER
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NMporpecc ctannaparona Wendelstein 7-X,
UHcTutyT Makca NnaHka, Npandcsanba, NlepmaHusa
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Wendelstein 7-X: O630p

[ S

;}? =3
Plasma volume 30 m3 " 34
Magnetic field 2.5 T (upto 3 T) | ¢ :
Superconducting coils 70 |
Magnetic field energy 600 MJ
Cold mass 435 t

Total mass 735 t
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Wendelstein 7-X: OnepauuoHHble (ha3bl

OP 2: 2020 ...

Steady-state operation

Actively cooled divertor configuration
Paw ~ 10 MW

Ppuse ~ 20 MW (10 s)

Technical limit 30 minutes @ 10 MW

OP 1.2: 2017/ 2018
Uncooled divertor configuration
P~10 MW

fPdt<80MJ
T ~10sat8 MW

pulse

(... 60 s @ reduced power)

OP 1.1: 2015/ 2016
Limiter configuration
P<5MW ->4.3 MW >

fPdt<2 MJ->4MJ
~1s->6s

tpulse
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Wendelstein 7-X: Large International collaboration

/ Contributors to conducted proposals \

A= T Ve B

JULICH M (owwumn Ckano&.
l CIFill ;o @ TU/e [
mofm ¥R [ @ afsner b

--------- National Laborstory

A! e § v @ T

N WISCONSIN

- Universitat Stuttgart

0 { e (G
2 IPP N 314/774 U= q TSI

inner circle: *first proponent’

\ outer circle: contributor /

* 402 out of 843 plasma experiments (discharges) with physics proposals

« 774 proposals conducted in the 402 physics programs
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Wendelstein 7-X: NepBasa akcnepuMeHTanbHasa KaMmnaHuA:

AOCTUIHYTbI BCE 3asdBJICHHbIE LieJ1U

OP 1.1 priorities: Integral commissioning and first plasma operation

1. Integral commissioning of all systems needed
for successful plasma operation

2. Existence of closed flux surfaces all the way ./
to the limiter (at B=2.5T)

Peery < 4.3 MW

4MJ/6s

3. Measurement and adequate reduction of B, (/ )

field errors
4. Reliable ECRH plasma startup scenario in He v T, ~10keV
5. Basic ECRH interlocks and safe operation F T; <2 keV

scenarios: /P dt =2 MJ
6. Basic impurity content monitoring v He < 8:10°m"
7. Central T,>1keV atn,>5-10" m3 in at ‘/ H<2..310"m?

least 10 discharges in He

Confirmation of optimization goals of W7-X will be done in later operation phases
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Wendelstein 7-X: Co3paHue nnasmbl

E 2.2
§ 11 Helium gas-inlet
2
2 0.0l A . . —_
g 00 | « Plasma break-down within 10ms
= Power of
= 400 4 gyrotrons
8 0
2 %% Neutral gas pressure | Y™~ « Hundreds of short ECRH cleaning
® op (manometer) ' Ra‘ljl'at'on | discharges (3 days corresponding
8 collapse .
& ' | P to about 4 sec plasma operation)

o
(=]

N

F) Shine-through . < > | < > < >
S 1 power ﬂ;\ 30s 30s | 30s
0 N :\‘(\N
'§ 50! ( I h '
e Sniffer probe : => discharge length extended to ~50ms
€ 25 signal ' : ;
g o : => With more pulses and glow discharge
“ 00 ' S cleaning, eventually 6 seconds
0.73 0.78 0.83 0.88 0.93

timet [s]
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Wendelstein 7-X: YaepXaHue

10' e . , e Optimized confinement time as
s ke el o predicted for W7-X ion-regime
iotron- .
o Egg;;g:f (Xetr ™ Eeff™")
LHD
e Confinement times during
R 18t W7-X campaign
@ % pred. W7-X (X2) - Best plasmas lie on ISS04-scaling
=, * pred. W7-X (02) — — Only 16 days of hydrogen
10°2 | : operation

— Conditioning of wall was still
ongoing; impurity issues

f
102 '

Tokamak L-mode
Tokamak H-mode

104’.' o 1

104 103 102 10" 10° 10’
TisS04 [S]
- - ,’ ’ — S ~, / /s
T,';SS(” = 0.134q228R0-64 p—0.61 nf,’"”' B().S-lt(z)./-_l}l
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OemoHcTpauma O2-9LUP HarpeBa nna3mbl

* Proof-of-principle for high- e ik s ot 5
density operation with ECRH in 400 s gyrot:)nipinw ol
future operation phases 0 ‘

* Plasma start-up in X2-mode R

i 4 gyrotrons
« X2-cutoff at n,.=1.2*1020 m-3 e I ] in O-mode
* For T, = 5 keV simultaneous 501

X2- and O2-heating

 Finally, sustainment of plasma
with only O2-heating

e O2-cutoff is at 2.4*1020 m-3

Stray radiation (sniffer probes)
=9 => nearly 95% absorption

Central ECE

o X- X+ = Pure O-mode heating

. mode O
<> . Ja— ndl
0 : . : . ~

0.1 0.1 0.3 0.5 0.7
time t [s]

ndi [10" m¥ ECE [keV] syrayrad. [ay) ECRHKW] ECRH [kW]
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Wendelstein 7-X: Cuctembl HarpeBa nna3mbl

ICRH (spare) N
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Wendelstein 7-X: Cuctembl HarpeBa nna3mbl

ECRH 5 MW 9 MW 9 MW

steady state X2 X2 /02 X2 /02/0OXB

140 GHz LFS launch LFS & HFS launch LFS & HFS launch

2.9 (front steering) (front & remote (front & remote
steering) steering)

NBI 7 MW (H) 10 MW (D)

pulsed 7 MW(H)

55 keV (H)

60 keV (D)

ICRH 2 MW 4 MW

pulsed 3He, H minority 3He, H minority

25 — 38 MHz

Upgrade of power
supplies =nm
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Cuctema ICRH ana W7-X npoekTupyetcs 0enbrmmcko-HeMeLKoun
rpynnou (bproccenb-HOnux)

o (K

1. Main support frame 8. Capacitors

2. Alignment and integration support 9. Antenna head

3. RF vacuum feedthroughs 10.Antenna box

4. Edge welded bellows 11.Coaxial line stretcher
5. Cryostat flange 12.Movable antenna unit
6. Service tubes 13.Coaxial line interface
7. Coaxial conductors and mechanical support 14.Fixed coaxial lines

- Generation of fast ions ~ 100keV at high plasma density ~ 2x10%°m-3

- TEXTOR RF generators in Greifswald (2 x 2MW)

- Using 3 ion heating scenario (first tests in C-Mod, oktober 2015)
Reference: J.Ongena et al., Physics of Plasmas 21, No. 6, (2014) 061514

Oxxecp OHreHa n gp. 44 3BeHUropoackas KoHdgpepeHuuns 13 ®PeBpana 2017 r.




Wendelstein 7-X: nnaH paboTbl

2016 2017 2018 2019 2020 2021 2022
Q1[Q2]a3]Q4|Q@1]Q2[a3]a4|Q1[@2]Q3[Q4[Q1[Q2[Q3]Q4 | Q1][Q2]Q3[Q4|Q1]Q2[Q3[Q4|Q1]Q2[Q3
| cammmm OP1.2a | | |
Installation = NI21 (2 sources)
divertor panels @ NI20 (2 sources)
. assembly/commissioning
e====m OP1.2b
=== NI21 (2 sources)
e==== NI20 (2 sources)
@am=m ICRH (AEE31 antenna)
_assembly/commissioning

s OP2 (end not defined)
Installation @ NI21 (4 sources)

 divertor cooling == NI20 (4 sources)
| @a== ICRH (AEE31 antenna)

OP1l.2a: ~May-Dec 2017
OP1.2b: ~March-Sept 2018
OP 2:: ~Sept 2020 - ...
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JKcrnepumMmeHTanbHoe noareepxaeHne ICRH HarpeBa
nna3mMbl HA OCHOBe cueHapusa ¢ TpemMmsa copTaMm MOHOB Ha
JET
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ICRH in H-(3He)-D
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Schematic diagram of ICRH wave absorption

Traditional scheme for two ion plasma

/Evanescent

Zone I
|
|

/ |

1
1
# lon lotron

: '”1 c:qucoto ICRH
- £ Propagation domain of esonance Antenna
! F | fast magnetosonic wave |EVErz
lon Cyclotron ! : /

Resonance F.[i | <w=w;,
] Layer 1 | | | -
: i lon-ion :
| —w=ws, f§ _  hybrid ; FW
1
: |
I [ ]

i’ : (IIH) layer

T Schematic cross-section of
upper half of tokamak plasma

Mode conversion layer

Oxed OHreHa n Ap. 44 3BeHuUropoackas KoHcpepeHuUa 13 ®eBpana 2017 r.




Schematic diagram of ICRH wave absorption

Add 3" ion with resonance in Mode Conversion layer
> 31ion scheme!

/Evanescent
zone

(D:(’)ci,3

/ |

I
I
I
I
: : lon Cycl
' i on Cyclotron
I W | P tion domain of Resonance ICRH
1 W i ropagation domain o 1 ) Antenna
I 14} fast magnetosonic wave e
lon Cyclotron :!! : /
Resonance K | _
Layer 1 { | : WS
: '} ‘ lon-ion I -
| S O=Wg, ,1” -— hybrid l FW
: i' (IH) layer :
1 L .
T Schematic cross-section of

Mode conversion layer upper half of tokamak plasma

Oxed OHreHa n Ap. 44 3BeHuUropoackas KoHcpepeHuUa 13 ®eBpana 2017 r.




Schematic diagram of ICRH wave absorption

H S3He D
©67%) (.29 (33%)

1 o
/Evanescent
: zone :
: |
I
I
: I ;‘/ [
I : ,":'" lon Cyclotron ICRH
- Y i i - Resonance
I W | Propagation domain of Antenna
- 1 /I fast magnetosonic wave ~Layer 2
lon Cyclotron :i : /
Resonance K | L o
Layerl | ; 6.2
: :} ' lon-ion I -
| S O=Wg, g:; -— hybrid l FW
: i (IH) layer :
1 : .

T Schematic cross-section of
upper half of tokamak plasma

Mode conversion layer
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H-(°*He)-D B JET
Ctabunusauuna nunoobpasHbIX KonebaHun

#90752: X[°He] ~ 0.2-0.3% (dipole ICRF phasing) #90755: X[°He] ~ 0.1-0.3% (+rr/2 ICRF phasing)
o P\crH

-~ 4 i N

; 3 ! \MMW i

§al | ‘ \ Pns | 3 )

. o | Fast *He particles
1k -

- Long sawteeth !

Too (keV)
—_ ~N w P o
] ] 1 T |
D -
o =
il
1 L 1 1 L
/

46 48 50 52 54 56 58
Time, t(s) Time, t(s)

Efficient plasma heating at *He concentrations as low as ~0.2%
successfully demonstrated
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Ucnonb3oBaHue +11/2 dpasmpoBkn BY aHTEHHDI
YUCIIeHHbIe pacyeTbl

Yquu.leHMe reHepauumu 6bICprIX MOHOB B LEeHTpée nria3mMmbli

RF-induced pinch effect: inward displacement of the turning point for waves

launched in the co-current direction
(L.-G. Eriksson et al. PRL (1998); M.J. Mantsinen et al., PRL (2002))

0.15 -
l T — dipole phasing +1/2 phasing e
0.1 1.5 1.5 3
Inward §/
pinch -
E (o]
E 0 E o
N
-0.05 :
o1t \
k>0 \
¢ B50 keV 2 e 3 4
' : R[m]

-

L e | L ) Al
01 =005 0 0.05 0.1 0.15
x(m)
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Ucnonb3oBaHue +11/2 pasmpoBkmn BY aHTEHHbI:
3KCcnepuMeHTaribHble pe3yrnbTaThbl

Busyanusauua nonynsiumm 6bICTPbIX MOHOB B Nyia3Me C NOMOLLbIO
TOMoOrpadu4yecKkom peKOHCTPYKLUMM raMMa-nsnydYeHus

Same main plasma parameters

#90753:
2.0MW dipole & 2.2MW +m/2 phasing
140 0F (b :

120

#90752:
4.2MW dipole

Pinch effect
Clearly visible !

100

-20F

E :

15 20 25 30 35 4.0 15 20 25 30 35 4.0
R (m) R (m)

* #90752 (left) and #90753 (right): H/(H+D) = 0.84 — 0.75, X[3He] = 0.2-0.3%, P, = 4.2MW
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HabnopaeHne BbICOKO3HEpPreTu4HbIX MOHOB 2He
C MOMOLLbLIO aHaNM3a raMMa-usny4veHus

Hu3kasa KoHUeHTpauus noHos 3He — Tomorpacdpunyeckas peKOHCTPYKUUA
yBenunumnsaetcs BY MowHOCTD, ramma-usnyJeHusa: nokanusauuma
nornowaemasi otaesibHbIM BbICOKO3HEpPreTu4HbIX MOHOB
pe3oHacHbIM MOHOM 3He SHe B UeHTpe nnasmbl

L AR B (R B T T A L L) L AT O ) TG T L P . Y X IR RRRRE AR R RN LR
o L

4.44MoV ] . 20 (b) #90753 7 140

140

#90753 (1= 8.0-14.08) o | ]
#91323 (1 = 8,0-15,08)

120 15F 120

‘Be(®He,ny)1C :
‘Be(®He,py)'B | 1.0 F

100 ] : 100
[ 05 F 4
c 80 R ~ f ]
. 1 W80
g | H-(CHe)-D —Fwf :
60 ~ X ]
1 4.2MW ICRH 05k J [ e
40 r ; ;
: ] -1.0F 11 {40
0% T 4 (°*He)-H 15F : o
o (T WAV Mubnliael 7. 5MW ICRH : s
3 4 5 6 17 8 9 e TR AL I R
15 20 25 30 35 40
Gamma energy, Ey(MeV) R (m)

Multiple gamma-lines with E, > 4.44MeV
(excitation requires ~2MeV 3He ions)
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Bo3byxaeHue TAE (TopoupanbHble anbgpBeHOBCKUE MoAbl).
He3aBUCUMOE NoATBEpXAeHue reHepaumm MoHoB ¢ MaB-aHeprusamum

#90758: Pge = 4.4MW, +17/2 phasing, H/(H+D)~0.90, 0.2-0.4% of 3He

1 t |

(a)

330}

320

TAE frequency, frae (kHZ)

310}

1

B =5

|

Mol _LEL
e a? W=7
‘h.‘n . n=8
v'."’T".
n=6" "',\"‘\'\ .
"% | i
nBSMW’ "
_1
1 | | |
13.6 13.8 14.0 14.2
Time, t (s)

Counts

200 F

150 ¢~

50 -

100 |

(b)

13.8
Time, t(s)

14.0

» Toroidal Alfvén eigenmodes (TAEs) excited when part of RF power in +m/2 phasing

> SHe energy estimate:

E[*He](MeV) ~ 0.047 frag(kHz) /nrag = 2 — 3MeV

» Excitation of TAEs with lower mode numbers n ¢ correlates with an increase in 4.44MeV

gamma emission rate
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44 3BeHUropoackasa KoHdgepeHUUs

13 PeBpansa 2017 r.




Progress with the IFMIF Project

EVEDA Phase
(Engineering Validation and Engineering Design Activity)

\ \1 \
Electric Power Industrial HVAC {\ o Nuclear HVAC
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CnoxHoctu Ha nyTu oT UTIP Kk TepmosiaepHOM 3feKTPOCTaHLU NN

e ITOP: < 2 cmeweHnn Ha aTom (dpa) K KOHLY nporpaMmmbl

e TepmosaepHasa anekTpoctaHuua: ~ 150 dpa (B TedeHune 5 rner)

e TpaHCMyTaums Xxenesa — MPOTOHbI 1 anbda-4acTuubl

>°Fe(n, a)*Cr (noporoBasi 3Heprust HeMTpoHoB 2.9 M3aB)
*SFe(n, p)°*Mn (noporosasi aHeprus HemTpoHoB 0.9 MaB)

- Pa3byxaHune n oxpynymBaHne matepuarioB
B TepMoOsifepHOM peaKkTope

Oxed OHreHa n Ap. 44 3BeHUropoackasa KoHdgepeHUUs 13 PeBpana 2017/ r.




UccnenooBaHua u pa3paboTkm B ob6nactv pagnayuoHHOro
MaTepuanoBeneHuUs
CywecTByOwme UCTOYHNKN HEUTPOHOB He MOTyT AaTb
OTBeTbl Ha BCe BONPOChLI

1. ApepHble peakTopbl
— CcpegHsa aHeprusa HenTpoHoB ~ 2 MaB

— reHepaums NPOTOHOB KN anbda-4yacTuL He apdPeKkTUBHA

2. NlcTouHnkm pacwenneHuns agep (spallation sources) LUMPOKUIA CrEKTP
No 3HEpPrmn

— QHeprma HeUTPOHOB CITULLKOM BeNMKa
3. YcTaHoBKM Ans noHHon nmnnaHtauum (ion implantation facilities)

— Manbl 00ObEM U HEOOCTATOYHOE CMeLLEHME Ha aToM (dpa)

TpebyeTcsa co3gaHume cneunanmnposaHHou yctaHoBku (IFMIF)

Oxed OHreHa n Ap. 44 3BeHUropoackasa KoHdgepeHUUs 13 PeBpana 2017/ r.



IFMIF. npuHUMn

Liquid Lithium
(15m/s, 25mm thickness, 250 °C)

Heat Flux

/ 1 GW/m?2

=

14 MeV Neutrons
Flux: 1018 s1m-2

|
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IFMIF: cnoxHas 3apgava

Accelerator driven source of neutrons
Neutrons from "&Li(d,xn) reactions

‘Li(d,n)®Be, °Li(d,n)’Be, ’Li(d,naa),

Li(d,np)’Li, “Li(d,nn)’Be, ’Li(d,nd)°Li,...
2 accelerators 40MeV, 125mA, D*ions = 2 x 5SMW
1018 neutrons/m?4/s with peak at 14 MeV

Target heat load: 1GW/m? - liquid target needed
15m/s, 250 °C, total 10m? of liquid Li

Function of liquid Li target:
- generate sufficiently high neutron flux
- dissipate 10 MW beam power

Oxed OHreHa n Ap. 44 3BeHuUropoackas KoHcpepeHuUa 13 ®eBpana 2017 r.



IFMIF. npuHUMn

Original IFMIF : 2 accelerators of 40MeV deuterons
AR E B .

LEBT MEBT HEBT Lithium Target ¢

lon I I & Thickness 251 mm 7.
------------------------------------------------- Flow spe ed 15 p‘,/ es
source ATl » tCe//

___'I

2Xx 125 mA (100% duty cycle)

lon r'CO. 3
source T I‘ .............. #@a I l I'seam}‘ootp:mt
200 x50 mm~

100 keV 5 MeV 14.5 26 40 MeV
l I I I I l l I I Available testing volume and dpa

High >20 dpa/y in 0.5 liters
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IFMIF: 0630p

Prototype evaluations succesful
during Broader Approach (EU-Japan)

D* Accelerator s Lithium Target
incident current 2x125 mA Thickness 25 1 mm
Flow speed 15 m/s

lon l rcorg .
.................................... - - LA R J - -s LR
source h

100 keV 5MeV 9 14.5 26 40MeV

LU LN et
B

Test Ceyy

Part 1 Part 2 Part 3
Prototype accelerator Lithium target  Test cell tests
In Rokkasho, Japan tests in In Japan
Linear IFMIF Prototype Accelerator ltaly Germany
(LiPACc) Japan Belgium
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LiPAC in Rokkashex(ﬂow

»memissioning
or {0 u:;af IFMIF Prototype
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Do we need full version (2 accelerator) IFMIF ?

Ideas for a simplified version for quicker results for DEMO:

One only accelerator (instead of two)?

DONES in Europe A-FNS in Japan
Candidates in EU for DONES:

Croatia, Poland, Spain, Belgium?
DONES = DEMO Oriented Neutron Energy Source
A-FNS = Advanced Fusion Neutron Source
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Fusion Materials Irradiation Facilities

DONES

(DEMO Oriented Neutron
Energy Source)

125 mA at 40 MeV

Now essentially waiting for a
decision

to construct DONES
IBARRA, A., et al., A stepped Approach
from IFMIF/EVEDA toward IFMIF, Fus. o o
Sci. Tech. Vol. 66 July/Aug 2014 Within 8 years from decision

we could have 14 MeV neutrons

HEIDINGER, R. et al., Technical analysis of an
early fusion neutron source based on the
enhancement of the IFMIF/EVEDA accelerator
prototype, Fus. Eng. Des. 89 (2014) 2136—-2140
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3aKknuyeHue

bonbwue nepcrnekmuesl U rosie
o1 dessmesibHOCMU OJ1s1 MOJI0ObLIX Y4Y€HbIX

e JET (now) — pabota ¢ NTOP-nogobHomn cTeHKOW

e Wendelstein 7-X (now) — camMbI KPYMHbLIA CTENNapartop B MUpe

e ITER (20257?) — cambI KpynHbIN TOKaMaK B MUpe

e T-15 and WEST — (B bnwkanllee Bpems) — B CTaann COOPYKeHUS

e DONES (20247?) - nccnegoBaHusi B obnactu pagnaumoHHOro
MaTepuanoBeaeHus

Oxxecp OHreHa n gp. 44 3BeHUropoackas KoHdgpepeHuuns 13 ®PeBpana 2017 r.



Cnacun6o 3a BHuMmaHe !
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