Hefei Institutes of Physical Science, Chinese Academy of Sciences Institute of Plasma Physics, CAS

JScwbnEe{s%and \*[@ﬁl},}iﬁ/o‘:ﬁ@% ‘é}" g—“ﬂ%i‘i %%%@%ﬂ@fﬁ:ﬁﬁ @

RINEEFFHARENBI LRI

BIIAT




&

B I lon Source

2021/7/28

----
°® ®e

1 4% BEAR

SZE DR ¥

PHFEANRG TERER




& 8 &

> BFiRARERSE

> BFiRRID R

> BFERIEIRIE

> KNEBEFIRENBI_ERIRF
>INV

2021/7/28 3



& 8 &

> BFiRAERE

> BFiRRID R

> BFERIEIRIE

> KNEBEFIRENBI_ERIRF
>INV

2021/7/28 4



& EFRELBMEE

20tH4E20ER: (BB RAARER B RE FRERR
20tHE30ER: FHAARESRERSHHEREFR - BTRRS
20tHEB50EM: SMEFR. SURENEE AR, fEFR
20tHLZ60FM: WREFIMBEAR (NEEFNE)
20HLCBOFRES m@m»ﬁ - - SERAR = SRIREHERST !

- ETFR - - T—RETEE

= MBI TR - - BR5IzCAREEREE

- EFHRE. BFEELREE - - SRR

- BATHERETE R - - “BHaE" B
ro21/8 = MUEFR - - e :




& 8 &

> BFiRAERE

> BFiRRID R

> BFERIEIRIE

> KNEBEFIRENBI_ERIRF
>INV

2021/7/28 6



BR: BRSFEAFARES (FEANR) FNNE

FEFIARES: BOEATFESER, FRASERE
FEEXRR, BEE. RE. BYNTESE R,
JIBFHIS | BRI LR E ST REE 1

INiE=E: ERET, RoIHMRAERGFER, 2
B FICFIER. IE=s5 | HEBFATE T, Tk
B FRAIIER—ERREE,

2021/7/28

Plasma grid

Gradient grid

SRR B TR EE




T RG £

2021/7/28

1%

.

IZpRER SR
FEREFE - -
SIEREFR - - E5MFHE

5

SR IR RS IR

R

IFEFE: 5
THEFE: 5

CC

HERUE IR

CC

H/IERIEEEF
/RGBT

3

& 2R TR

A, iR




& 8 &

> BFiRARERSE
> BFilRRISTZE
> BFIERNIIERIE
O XAkE IR
O SHaE-FIR
O JE=s
> RYIEFEFIRENBI LRI
2021/7/28 > IJ \gE 9




@srpurhpe—Hwmeassrr  C

Ee

OAE%: =EaIFE{aPRHR
Tl . = =S = ==
BCEe: TR EREEME T

2021/7/28 0



&

AdTF o5 HE A AR

NBI ,

O

PBER B FIREI IIFT 22 & 59 EE TR In R BB 7

O T{EREE, BFAYEENE, MRS FRIEEL, MEEKEASIRERLF, 53N,

apis, INIHWEEEZE
Hant<, INTHWEEmRSE
BH A% 25 7] N
o Hikdp 75 Wik ae M4 #iE
__ﬁﬁ_ﬁ
THERE /K | 2450~2 650 | 1 000~1 200 | 1 800~1 900 | 1 700~1 900 = .
WHIN /(eV) | 4.44—~4.63 1.0~1.1 2.6~2.8 EE HAMITHCHEE %
— =
D /ea/ 20~120 0.1~2 28~32 B B3 (1DRichardson & =3
{ecm?® « K
RATRALE —~0.5 4~10 10~-40 8~12 =
./ em? L
sk T _ . _ . ! _ BRI
RERE 0 100~ 600 100~300 | 30~80 p=B 3
7/ CmA/WY | 3] :
-1
kb 70~80 3~4 ~40 . ~40 =
F{W ‘cm®)
#HFé /h JUE ~200 ~1 000 =1 000 =
W R RE 5 x T o o
RREET. 5
IR UEIML . T BAMAEESERR
5 o : T.H ,
HE M mT R, Sk AT . B o ﬂ:;ﬂﬁmﬂi FERERS LaMo Bt

2021/7/28

20
19
18
17
16
15
14
13
12 _ — 2
11 J.=ADT “exp(—e¢@/kT)
10
9o
8
7
6
5 . N N n
a ARREBFRETES, NITLERREIRFIRET
g R, EBISENAT120A/cm2.K2, THKT 4RBRASHR =
1 BE (K) , CQnEmEHTn, URREUEEE
o} ———T
2.324252.62.72.82.93.0
T/10°K
T (K) 2100 2200 2300 2400 2500
T(h) | 1.31X107 | 1.65X10° | 2.64X10° | 4. 73X 104 | 1. 02X 10*
T (K) 2600 2700 2800 2900 3000
T (h) 2347 651 185 60 21
45 S RENXR 11



@ 4554k athritpme

> MR A AORE A BRI A SRR T, FHINGEEI—ERssE, FaRIchiE e
SHFRBET - BT, BErEETh VNNV a

- SMTIRETE, ERBRARR, RSB RS, | A
BTSRRI T

—IRAET H,+e=H, +2e
H,+e=H;*+H; +2e

Heps— NI REsEISE NI EREE < EE2979200: 1, IWEREFERIRFEF
HfE’Jl:lﬁﬁJ{E‘dJ\ RENEDFBETH,

IRAITEISHE - DFENUMRFEE, EEFRNEEDS FHRFHEEIRE
H, +e = H, +H, +e
Hy +e=H;"+2e

ZIRRFEITRE - TR \%5%5%:;

H,* +e=H,* + H,* + 2e
TRREESRE - mmEs Lo
Ht +e = H, + H. TR B A S TR T AR X R
H,+e=H;*"+2e e

=
o
T

100(H, + e = H" + H +e)

) N>

O(H,+e=H+H+e) ,\

6 (10™°cm?)
o = N w H ol o ~ [e0) ©
. T . T . T . T . T . T . T . T . T

H+e=H +H+e
........................

10 20 30 40 50 60 70 8 90 100 110 120 130 140 150
E (eV)

o

2021/7/28



& 4 EFHRGH R

LA BB 5 h R == PE
MIER KRR =SB R RFH

¢  SYIHHRILAEISRAIIREE F ISR TR
&  SIHBARILURY VB RBERETFRAI A/

S E B FRSIMERIRIE

B
S| [l [s] M

(=1=z1=T1=1

T T T T T
|
J S S ) S B S_—]

() #FZEUIES (b)) WAL (o) HaXHZ

2021/7/28 AEFREEF =N SIREAT 13



&

B A KA T R

RS 0

P 7] L3R
W1 4 B
A E#E o

H RS HALY
R

U
P B
—~ 5[
=5 R4

A —d

2021/7/28

|‘=M$s—|_—ﬂ$s_ﬂ

PIa13 5135usSeu pad
Iﬂlb_l_ﬂlb

acceleration grid

ZHRTIE IR

14




@ sFRGITIELE—-HIE TR

I FHKEBAG N R M & \ \
4{ Antenna E%'JE - - ' \+ ‘ | ._‘_‘ ‘
R IMB ' / L
@ S/i"l/'l ]':Y";“‘\? @) (5)
g T ==
Substrate Fﬂ ue A
: - - 2
RF VRVERY
Power ﬁ}:TEI%ﬁ @ (d)
FMBEFETFH (CCP) iR RMBEEETH (ICP) $ghEB (Helicon) FETFHIR
f=1-30 MHz P =0.05-0.1 kKW f=0.1-13.5MHz P=0.1-100 kW f=2-135 MHz P=0.1-1 kW
n, =10° ~ 10% cm-3 n, =10 ~ 1012 cm-3 n, =101 ~ 104 cm-?

O M FHPEREIAFER, EXFEFAZEEES, BHAMBESHBEFEFEETIKEE

O BTFEREENBEFESRENBBENRRE, MHETEASEN, XMHEEFEERFR
KENATHHRFAFTAR

O FALE, BEEICPIEEATERE TR

2021/7/28 15



& ICP# 41 %4 & F th sk &,

1. RF current in the coil /- produces
an axial magnetic field

2. Magnetic field induces an electric field RF B-field Induced E field

Compression

3. Acceleration of the electrons and ionizing
collisions with the neutrals

4. Plasma compression by Lorentz force
=> reduces skin effect
=> better coupling at high power

RF coll Insulator
(Lange L,

- Al TI=Sh
<73 H Ij -tt\ 7L,I-5§|< ! N Windungen)

2021/7/28 16



& $F R TAEB Itk B D

O IiEREEFIRERZUENME, BERMHIRSEZIIEMF
O AL SERAR, EURE ST, SEREY.

IR E — R ENFRIBERER. R | B E R A& I N LR E %Wi RHFENTERNEFERE
jj/\ #ﬂ}ﬁ/\g_ d V p_J J A V2
_4 |, €

dz* &y &V £ 2;‘/V |:> J= 9 ?

3 3
VZ
SIHEF: Ji:5.45><108\/%\;_{ 51T J,-232x10° %

RS | AT, %E"%__jr%*ﬂ?;ltljﬂwr T_ 2R, BFIEFEEEREARNIREY 8, T2 - E8EAE:
y(£)dé e
{\/:ef P& -] exp(k_n)}

BFESIHERZEE: I, ~(04£005n,¢ /% ~8.9x107"n_, /%(A/cmz)




& 7| & 4 4 4 K

NBI ,

: CETF AR R RSN
I 5
f_ LEAR
[ d 5 e
vare? G
' .
Lo T B EE B8

|
i

T i S
hin T B { .

fz%ﬂ] :
{ T =2
Li?-] e d.
5 iR - ] .
{Emﬁﬁ}m e AT ~~" ; i
i nSS [ A T
/- d, } ad I K
% 7

) @ |. i [:__:E,;E Wy tad
k | . 'ﬂ .
() =R SR B Rt :dﬁ%

2021/7/28

HFRRIBEEA T EkeVES, FEEIBEIRINZERR
HAOMmI EMEBERIRS, FEXRBSRINERNLE
1, EERHEZ, csRRKESKERETR
IIRARMEERREE KA, EI—iKABMHERK
25

MARPERESRRERT, TBREFATLER
BR/IEA, BEERTENENSE LSS F
FEEAKIINBE IR, EXRAIEMEETEER
BRITHER, MEERET, BRIIRARE/NE

18



E . . f — 2 = 4 7
: | E, £ 35 : E,—E, (B 3% ) E,>E,, >0, RE#&EH
i ) ;"z'[? f = a
f ‘ E,—E, (%)

O FEAAS5IHE—BRZEREHER, HERMERS
BHFARFIE—EIRERBAERE, RE JEHX/N,; Bz
E,FRFEER INEHIEE EIRTE.

O RREAIABSATSHFEHRRBMLANRS | HEBEHRAYEM
ZXRET, (5| HIBEFRIERIFNBE R,

2021/7/28



SHF - WSRO, B

SETINIES HBREREEE (SRS : d, - (20"

FEFIEENRNS EHEEEERIZEN, BEMmsniEENaIE7
SRR/, BETIHSEEREREE

BAERRIEE!

SIEFEMERSEE
B{RIFILRL A BE3ATE

CL_
Ez o El
3/2 3/2 = —2/3
|E=%\/%Vd2 =5.45x108\/%vd2 S, 0.8n,e | <1 g 213
@ M ~[1.47x10 @ LU
— 5.45x10° m
3. ~04n_e |2 l
E - eo m - l

FBTFERE

2021/7/28

20




& AREF k&

ﬁ%?g I m Plaar ., Eeptodel  E Bi;"ret_
O 2| HAEFLRENE | HEF A .
OBEFIE (tREREERS | HIET) Beam

O FRFRIFERI % H H e

-

I[ERE:
Potential Vi+V2 Z&
Beam _ f
Energy Vi+\2
Souj[ce Extractor + Accelerator Space charge compensation
” oAy AV ” W T S e e
1 2

GRID
i Repulsion ¢
ot —M * 1§ ll'lm

DK Mgl ind

C===]) -

Electric potential
RS TR A .

FIZEBIZAR (BfRkerb) FAERRIREEHIRIER

2021/7/28 21



& 8 &

> BFIEAERSE
> BFiERIDR
> BFENTIERIE

> KINEEFIRENBI_ LRIMNA

O A ENE IR
O 5 E IR
O Jxl"'z%_jﬁ)?

2021/7/28 > IJ \gi:'b 22




@ #m45%sF%: HT-7TDNB4 4% F & €

2005-2013: DNB R G M FHI = 115 50kV@8A

N
AR |

am/\, " OifEE"
S ﬂ?rE’J-'EFx}(?mA'

23




@ #m4E F%:. PLT NBl 4 4,2000-2013C>

HT-7 NBIZ# 22000 HEEERIEIAEMEREN, ZE=a8 2B AEERNPLTESRS, XKL TFIRERERIRE.
itSEHENREER45keV, FEANZEL700kW, BkEEH100 ~300ms

BB AT &
—_—
0 22cmICETRETE, & _._...5555?_.
\THRETRERT, TERBIRS EE @ﬁ?ﬁ

hEEBRZENEANES SRR
, ETAFSIREEE, #i7i

= =
PRSI TR, BRAR 26 e Ii' zf%mﬁ
RS AR X S F ik s
HOER T3 | 2 — SRR AT J[ H+ 85% { E_ mzEE
HEER; XUBFE—S Aol s
$ﬁt§‘! =

PER. —SPRRMINERZ
[ERYEEBIERT, BEZX
ERITARSIR, EPERX
FBETFK

O AE5IHAS, KILSEM

R, AEEDHRA L
. SIHEEEEFR

s 2a=8mm & =0. 3mm (max)

d=5mm

2021/7/28



EAST-NBI-1

O 2009-2013: EANESF FMEIRATF
@1.11Z27T

O %—‘ KINEE SRS, SCFR20084F

\BRRFR A T AOITRA

EAST NBI-2

O 2013-2015: RHZERSHF FiEig80keV
@ 4MW

0O 2020-2021: HFEOEEEZEIDEOIEY])

¢ SFFEARPIRIESFIR

& smnE TR EAST-NBlgaw@

25




& EAST-NBI 4 4. # A & & F %  Eg

Plasma grid Suppressor grid

,,,,,,,

Gradient grid Exit grid

IIES-E ey

sERIRBARE TR REE

2021/7/28



v'o’v.‘.....‘... .....

rd :
= \""»ﬂ

PN ..

2021/7/28 - e o b S ¢ 27



__ x__%%ﬁ




& £ T & 418 K,

FE A REREE—EEENEENSIMENES

FR---BFHIRER!

S| HEBFARFHEFHINEL KRB FR, KIS

—— VAN —1}

—EREE=
Fahk ) vsk Bk )V eSS HSE <k
it MR mael 13-~ Lk

B RGEUNFE

29



& £ T & 18 K,

VIl
L= ] L I 8 (5] (=]

Ware (W)

lare !:A]
-2HEE88Ens R

O BFREINE— MEFmANdiE,

O EARRIFREFRN ERH TH KFHRK T,

FIK" BWTRED
B " AFTK

O KRR BFR BERR = 'J)SZ "'%JJ%F'

2021/7/28




', AR EFRGEEYEE (D

KT 228 R SEMESRERAR, S UMM T 2R 5im . 18K TRTLINAEER, RETEZRIAE
¥, SBEEFREE (3m) L
Iarc — (‘Je + ‘Jpe)SA — Ipe + Ib

ER5|HIIREF, SEREBFREABFER, SIENE=REEEEM, FEHAERE (G
) FrE (B4R E, BT 22 FAREIHIIEN)

KJ225%5apia), BERSERIAE, . .

T EE AR
sETal | THERR
i Ith B8 1R
S ®>; S
/f@_i o @Q':__ “ﬁ_@\v@)ﬂ © ©
BT W= o T d/ \b ‘.':::;"IZ
B = = Q L E 0 Y =
© S o7 e ' s
- @ [ PR N | /4
7 ; © © ®N® © = S R |/
\ \ — = - 31

o T B BIE T




ARG T

>

arc current (A)

Percentage (%)

" . . v r . . 60
1000 §
| - 50
800 |- |
- 40
600
- 30
400 % 20
s & 8 i
i % A 5 8 .
o A\ arc current
200 @ @ o bearr:qurren!I - 10
1 1 1 n 1 1 1 1 1 1 1
T2 7.4 7.6 7.8 8.0 8.2 8.4
filament voltage (V)
100 L} I 1 r T T 1
80 —
60 -
A Full energy
i v Half energy i
40 @ Third energy o
20 -
v 1
0 1 L Y L L 1 L 1 1
35 40 45 50 55 60 65 70

Beam energy (keV)

beam current (A)

Beam current (A)

Divergence angle (Degrees)

45 T T T T T T g T T T 55
- -

s -m

40 |- - . | A" t - 50
L} = A

I - ™ A & Y
35 - - - L ‘ S 45

[~ = - A

- | = A
s -y A ‘ AL
A A
30 |- "ala mi® = 40
ot
! A
- - ar®a

25 |- :A‘ — 35

- N L £

S o i :
20 - Ii r S A Beam current =8
- A W Arc power

- A

15 1 i 1 1 L 1 " 1 1 1 " 1 25
40 45 50 55 60 65 70
Beam energy (keV)
T T T T T T T T T T T T T

24 Hydrogen beam with

22

20

1.8

1.6

1.4

1.2

beam energy of 50 keV

4 Diamond grid
m  Circular grid

1.8 20

22 2.4 26 28
Perveance (u—perv)

Arc power (kW)

32



& S F KAt R

Source ., Baffle 1.4% 'ﬂ?‘g"ft 7.9%
collimator = collimato  collimators

r (NB injection)
lon 4.7% Duct .
source collimat 1.9%
INeutraIizerl I I —_—

Drift
- O+ 0O+ 0O O+0+0+0+00000 duct Pini:59.8%

3.6% I I

on return
collim tc"

Neutral particle

EAST
Tokamak |

Charged I Calorimeter
particles 61.7%

66

64 |

Pinj/Pis (%)

lon

Gas shields 62 |
supply I 8.2%
60 |-
cryopanel cryopanel -
48 50 52 54 56 58 60 62 64 66
Beam energy (keV)
2021/7/28 Beam transmission efficiency 39



_NBI 2 A iz ™4 5

HEITR

2. [EIRS TR RIS R

3. EAFREBIEN

4 IR FFAA TR R HA

6. LAIRRIEDFHEN

Y

5 AREIFFAERRNT )

| EEREREA ) | WWWMWWWWWMWMWMWW

TTET1RE l

TTET RN

NBIILHWY

MNMBIITREWV

=1

L

~
= .o = =0
1-1‘5.1’1)’;:—11,*‘ ——»~-'-<---\
SN SS—— ik
rrrr P T

TEEEFHEEN )

S0 ‘\—AQ
pexinl| asia7




Q

HPA R F T IR 6 K BT AT

2,
3
-

arc voltage (V)

arc current (A)

beam current (A) beam voltage (V)

W NEFIRE, = ROERR

. BBIRNAE

-2 o 2 a

l

7

i
1Al

-2 (8] 2 4

160 - -10 -8 -6 -4
120 — 99 Fila Voltage
10 \Kk = 66 F
100 —
& = aE .« . .. |
— 4500 Fila current
“ NIERE e 4500
= 1500 [
;% : : ; L'L_'A O = 1 M 1 M | 1
= 171 Arc voltage
500 / o 114 F
400 T 57
300+ = o . 1 : 1 5 1 1 1
200 = 600 | —— Arc current]
s = 400 [
g \ﬂm;ﬁfi'ﬁ%@ S 200 f/f’__/
S - 1 T 1 o ¥ 1 1
x = 2213% Beam voltage |
— 34k |
30k T 17« |
20k i o 1 : 1 7 I I
< 33 Beam current]
10k = 22 F
= 11
e — o 1 N 1 . 1 3 s
25 = 0 Sup. voltage — 3
20 o -550 =
/ = -1100 | E
15 | atAs g _1650 1 X | X 1 2 1 1 1 ] 1 ;
b B T 0.00
5 \ RinRIEE = ond |- Sup. current e, o
0 % -1.66 |
20.0 25 250 275 30.0 325 350 375 40.0 425 @2 249 1 0 1 1
times (s) -10 -8 -6 -4
Time (s)
SCAY S it PG SN
SN R T B
R E FIREMEEE, RIIIRFEEASTHIESCIG !
I Be, /X 1=l ::7&::\_L .
2021/7/28

35



& #4 (RF) & %5

Induced E field

RF B-field

SYSE R EXI BN E TR =

v FATHLE, BREEHK
v EHITEE, TR (E o e

v %%1‘&5’_5%@‘ BT B A RIEE
St fa - R
\/ {;:!EEE’IZ%Q;EI‘EE 61:2' ’%2@ 1 F— (A)
vz See—T s st | 220000 s
v SHRIEREID EnbRE I LA T ESitbeE (s S N N; v |
1 (H) ~E

50Q C]

v/ SETREES, ENSTE

SRR e e
HBIER iR SIHER
HV

SIS RN E R RIEE
2021/7/28 36



& #4 (RF) & %5

SEIPPEREF RIS FIRAUMF, BERIHORET BT !

1977
RIG 10 H, 4 kW, 300 mA/cm?
RIG 20
1986 2000 NBI of the
' 20 kW, 4 MIHz 'v
- WT7AS-Stellerator,
First beam extraction @ 35 kW/ 1 MH
Z

18 A/55kV/10s

1992 ¢

| Type 2
K xTExHE=59x32x19cm
100 KW/ 1 MHz

2021/7/28

37



@ ZEIPP: B/ BFEES=NBIfIRFE (ASDEX-U, 1997) @

e PINI-size, 22x50 cm?; ELZS4a%%
e 10s Bk ; BERXRARER BRI ;
« FEANINEIOMW,
e R: H*: 90A/100kW/55kV
D*: 65A/80kW/93kV
S EE:
M1997 fEiB1T, iR, THPE
2007£ERFEREJITER-NBIESFE |

Valve Co-Sm Gas inlet

Vacuum {><] magnets l
L £\ ’ .

°ll  Quartz wall,

°® " 06cm =
9 Faraday screen,

° 0.3cm,

o 80 vertical slits

RF i
coil ,

OOOO%

Co-Sm |

magnets\ | water

e Y COOIIng b _ .. o
2021/ . . ~ Plasma grid




NBI ,

& ASIPP %t 47 & F %

Forward power (kW)

08
ITr

O 20°
O 20°

:J yéﬂ%—' ﬁ/ %j-gﬁA_?;)g RF B-field Induced E field - , driver

Compression

=
e ”ﬁ 9|—‘_—|Bn

o)
1
1Tl
\

RF coil Insulator

50 - =45

Forward power
40 H 44

— Reflected power =

2—;’ Cooling Out

30 43 5 channels

N A b
1000sZEEFARIERIER (47kW) 2
O
20 | 12 3
3
(5]

10 ( Source pressure
O Lme: wodmww, (00 ooV 1 1 0
0 100 200 300 400 500 600 700 800 900 1000

Times (s)

2021/7/28 39



2021/7/28

WS (IR p =R

Forward power (kW)

~J
o

(@)
o

W b~ O
o o

N
o

i
o O

o

| essssssssslessssssssle—————tnly |

0

Forward power

Source pressure:0.65Pa

Reflectecgi\ power

:20
10

200 400 600 800 1000

Times (s)
82kW @ 1050s §H4TiAERiR .

40

Reflected Power (kW)



& i E TR

NBI ,

O REFRESEE FPECEREARS
O fAEFRERTHENBIEF RN AR

Phik. REFFEEM, Z_K, Sl

Co-extracted electrons

@ =24.5cm, | =14 cm source bodg Filter field

32x59 i
e LN |
Faraday, RE coil[ | B __J{'}
screen 0000 @ 24 o

(magnefs turned by 90°)

gas feel

_l_ J
( YX XN
Cs "
evaporator

Crmmmmm > Crmmm e > e D>
Driver Expansion Extraction
region region

RETIEFRRIEREE

Plasma grid: ~ -20 kV
pos. bias: ~ 15 V
bias plate

2021/7/28

Neutralization Efficiency

1.0

0.8

0.6

0.4

0.2

0.0

Systems based on positive ions  negative ions

=T

Ht Dt

10

RECAESREENKT

B 100
Energy / (keV/amu)

1000

41



@ AREF A4 BB E

B R IR R L — PR B AR

REFHFESTREX

Pure molybdenum
Expansi Extracti p a6
. - . 2| ~ Xpansion actuon —
> {FF=ENH (Volume production) : {KgEHE+ (1-2¢eV) 5 Driver r‘;gion s : bure
RS ASHNE D FEEME, NMFERasF > & = Ex;r . § Cesium
action g 1.9 R
Hy' (v >4)+e (~1eV)— H-+H i |s-y‘°tt9m — £ 15
e =
, EPUEMB (surface production) EEFHEEETSE OO T OO (Mo
EEfliE, R FERREET, ERIRARHI TS _seeee [1] exaction 06 1
(1 45eV@0 6J$¥J§}§) I |.] grid Cs Thickness (monolayers)
. DR =2 Maﬁgnl:tic Grounded BHITT AR
H + surface e (Cs) — H- I" grid 10 : . 0.10
. | I HBFRE
> RASHLT: HRBTFEMBEMBRIN0.75eV), #WIRMINBEFSS T 1or 008 o
BRI A I § ooe
EBFHE: H +e—H+2e ||| -4 0.04 =
M HH+Ht>H+H “I FK“O_S ERRIRHT O.OZE
WifERIE: H- +H->e+H, 10 - . o
H +H,-e+H+H, . 0 1 2 3 4 5
|'i~>'<=_‘| ,}?Iﬂz}?f@. BFERET. (eV)

AEFRARSHEFRENXRR
2021/7/28 42



& AEF 4B E

O 02 7 A SO IR R Y Rl — (PP AESRR. W IR

REFHFESTREX

> {FF=ENH (Volume production) : {KgEHE+ (1-2¢eV) 5
IRehARSHNE S FEERE, Nm~Ehas8f
H,' (v"=4) +e(~leV)— H-+H
> EFEE (surface production) S/RTFHESE S8
ERfiitE, MIREBFERAEET, BRRARHINRIEAYHE
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& ITER A & F & 6 4t 4|

e ELISE (IPP Garching): 3R, 60keV, 10s — IGIFFIEXE TR
 SPIDER (RFX, Padua): £R~J, 100keV, 3600s — ISIFFEHNEFE
« MITICA (RFX, Padua): £R)R~F, 1 MeV, 3600s — I&UFF{EXIMESE K stk

- DNB i3 E (Ghandinagar, India): £R, 100 keV, 3600s

L '

{ | Installation
SPIDER * MITICA at ITER
> > —>
2015 2017 2018
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TERA % F i ¢ #t 41

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 | 2030 | 2031 2032 |
a1laz]a3ladai]az]asladaifaz]asladlai]az]aslad]ai]azlaslasjai]az]asladlaijaz]asladaliazlasladailodeshdn

ITER Baseline & ¢
NBTF

Activities

SPIDER BS Maintenance & RF and Vacuum Upgrade | - |
SPIDER Experiments

l
MITICA Components - Design & Procurement
MITICA HV Testing w/o BS and BLC |
MITICA Cryopump Assembly & Commissioning |
L

MITICA BS Assembly
MITICA BS Commissioning & Exper. without beam

& Commissioning |

IMITIC.A Experiments |

- Medium RF Power; short pulses

- Medium to high RF Power; short pulses

-- High RF Power; Optimization; Long Pulses

" — Extended Operation

HMBs

PS - Design & Procurement |

Bushing - Design & Procurement ]

Beam Source - Manufacturing 1 |

BLCS - Manufacturing L - m——

PS - Installation |
MNB Cpts | Installation (Vessel, DD, VWPSS Box, HV Bushing) | |

1MV Tests I—

NB Cpts Il Installation (ES, AV, FS, BLCs, Sources)

Integrated Commissioning HNB




ELISE

Long pulse, high power operation of ELISE:
Most recent results and conclusions

Potential rods + Caesium overconditioning

—> Significant stabilization and reduction of co-extracted e™.

D H Extracted Current .
. . 350 ;_.,-—-—-IT_ER ta:getH: T _dgr!slt! [A!mfj
Aim ELISE Aim ELISE 200 | _r)-_—m-targ& —
: 2 117 2sg L
Jace [A/m°] <10 (45 kW /driver) =L - ~
200
jex [A/M?] 286 154 329 290 |
150 +
je/jex <1 <1 100 ”
pein [Pa] <0.3 <0.3 30 1
3 0
5 Py At [s 3600 1000
- diag-ports 5 _
, g . . . : _ 01 §
\ . Operation in hydrogen OK, but still issues in deuterium
‘ ?‘ 1 — Asymmetry & instability of co-extracted electrons. L“{':ig;'s"‘]es
COOIing pipes = Strong reaction ije on l::.FlFJ Uex' Short pulses

Main remaining issue:

Identify measures for symmetrizing and stabilizing electrons in deuterium.
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SPIDER—under testing
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MITICA—under construction

MITICA

'I'he MITICA test
(Megavolt ITER

and Concept Adv:

Radio Frequency
ion source

ITER heating neutral
injectorwitha d
beam of 1 MeV

of power. Two n
injectors on ITER

33 MW of heating i
the plasma, and a

High voltage
insulators

&

9 f# m\\%'m\

QST ¥ Pt
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p
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CFETR % & F % +& ¢t D

O BEITERIZITFEEIPP, HALHD, HAQST. S XFIPRIMARIGHHIZLE,
5ehk ¥ CFETR NBIAEFRIERFHSIZIT (1MeV@50MW)
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0.2 3 . =1 l E
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lon Source g €6 AG1 AG2 AG3 AG4 66 e maes T
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=1
N 330

910

2.7 MW (0 A) DO
1509 A 75.3A 7154 65.1A 61.2A 57.4A 1.0MW(@3.3A)e

41AD 756 A 3.8A 6.4A 39A 38A 41A !
e [ l [ [ l 500 MW (50 A)D R . —
I ) | | 4 A d
¥ man

9kv 200 kV 200 kv 200 kv 200 kv 200 kv 25 kW (0.1 A) D+
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> BFiRARERSE

> BFiRRID R

> BFERIEIRIE

> KNEBEFIRENBI_ERIRF
> IV
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OFFRELNERENER, BFRIVEGrFESHERIIRZX
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