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===1t Overview of the GSI accelerator facility FAIR

High Current Injector
(MUCIS and MEVVA Ion Source)
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Ion sources




== Types of High Current Ion Sources FAIR

[High Current Ion Sources]

[Filamen‘r dr-iven] [Vacuum Arc dr-ivenj [High Duty facfor']
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Filament driven Ion Sources

MUCIS New
CHORDIS




==L Filament driven Sources FAIR

o e T T, T A S
Generated Ions

A T B R
Gas lec (MA) | Tacc (MA) | Tgeg (MA) LIZI31A.. (days)
H, IH | 40/6.6 15 1 0.75 | H*-37; H,"-8; Hy*-55| 7
D, 2H;+ | 90/13.2 50 2 15 D,*-30; D,*-5; D,;*-65 | 7

12+ 15/6 9 0.5 3 (C, H, CH,...) 2

e 12CH,* | 30/8 12 1.2 3.75 (C, H, CH....) 2
1AN* 20/ 10 12 25 35 N,"-31; N*- 69 7

e N | 40114 35 4 7 N,"- 31; N*- 69 7
©Art | 65/20 42 20 10 80 / 20 5

AT Teoarr | s0/16 16 15 5 65/ 35 5
OKr2 | 60/22 28 0.15 10 17/53/29 3
ek | so0/2 34 9 10.75 48/45/7 3
132)e3+ | 25/18 17 0.02 1 79/18/3 1

* iexes | 40721 18 0.8 11.3 7812171 6
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==L Filament driven Sources FAIR

MUCIS (Multi Cusp Ion Source)
60 SmCo-Magnets (2 Tesla)

Solenoid: 0.1T
6 Filaments: W/ Ta
Duty Cycle: 5 Hz
Pulse Length: 1 ms
Arc Power: 3 kW (I,.=100A)
Emission Current Density: 150 mA/cm?2 (Argon)
Cathode (2x) SmCo magnets |
Extraction
electrode

SmCo magnets ——

D C o
OO
S

Gas inlet ——

Insulators
Anode Scr. and Gr. electrodes

Reflector electrode




==L Filament driven Sources FAIR

T T T, | T, - ey A A T S
MUCIS New

» Bigger Plasma chamber

1- Gas inlet
» Improved Cooling (I,.. = 200A) as Inle

2 - Cooling system

» Symmetrical Magnet alignment at the ends 3 - Cathode flange

4 - Filament
-ali 5 - Magnets
» Halbach-alignment of the Magnets S Anods
» Optimized for highly-charged ions 7 - PE flange

R T 8 - Triode system
(Kr*, Xe>) SoaE A y
— E5S=I




==L Filament driven Sources FAIR

CHORDIS (Cold or Hot Reflex Discharge Ion Source)

» Smaller Plasma chamber
» 20 SmCo-Magnets (2 Tesla) .
» Plasma-Electrode at the Cathode potential i *

» Optimized for singly-charged ions Reflector
electrode
R. Keller Gas inlet

Insulators SmCo magnets

| Extraction

i i electrode

z = =

-3 N
Insulators

Scr. and Gr. 5
Anode electrodes 2
Cathode
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Vacuum Arc driven Ion Sources

VARIS

MEVVA
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Vacuum Arc driven Sources

o e T T, T A S
Generated Ions

FAIR

Element / Extracted Post- In front of the I Life
on spectrum (%«
Working lon current accelerated RFQ SCL (mA) 1+/F;+/3+/4+ (%0) Time
Gas Iec (MA) Iacc (MA) Irro (MA) (days)
160,* 30/13 15 35 8 O*-21; 0**-35 7
O
? 180,* 30/13 15 35 9 O*-21; 0*-35 7
Mg (+O,) | *Mg* 80/18 28 2 6 24 /62 7
Ca 40Ca? 40/ 15 15 5 5 6/94 2
BN 60 /22 40 8 14,5 7212215 4
Ni (+N,)
SBNj2* 60/18 17 5 7.25 8/76/16 4
%Mo? 50/18 19 0.5 11.75 6/56/28 10
Mo (+N,)
10M 2+ 50/18 19 0.5 125 6/56/28 10
Ag (+N,) | 07Ag? 40/18 23 3 13.4 13/81/6 4
; 142N a3 80/28 32 15 11.8 0/4/8719 10
N
150N g3+ 80/28 32 0.4 12.5 0/4/8719 10
1813+ 75124 31 7 15.1 0/0/56/35/8 5
Ta (+Ar)
181 T4 80/24 34 8 11.3 0/0/35/51/13 5
U 2384+ 100/ 30 40 12 15 0/0/22/65/13 5
12




==L Vacuum Arc driven Sources FAIR

MEVVA (Metal Vapor Vacuum Arc Ion Source)
Revolver with 17 Cathodes

2 Solenoids: 0.1 and 0.2 Tesla
Arc Power: 50 kW (13.3 MW/cm?)
Arc Current: ~1 kA
Duty Cycle: typical 1 Hz, 1 ms
Working Material: ductile Metalls
Life time: ~1 Week (Uranium)

‘ Insulators

Anode Coil

Extraction electrode

Trigger

N
Al

V277777777777

VT,

%
7

N\

17 Cathodes

Insulators




==L Vacuum Arc driven Sources FAIR

VARIS (Vacuum Arc Ion Source)
» Optimized for Uranium (67% of 238U4*)
» NO water cooling necessary

» 170 mA/cm2; 156 mA @ 32 kV
55 mA @ 131 kV

16 mA in front of the RFQ
8 mA behind the RFQ

i . =

| -{0' o

y ‘.I L] \ l'l I
R e o |
y 12 o i
| - o 100 mm
“'ﬂb’,>-
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Vacuum Arc driven Sources

Cathode: Ti
I,.=1000 A

ions trigger plasma
.

jer ring

isoiator | cathode

10.mm glowing isalator




=L Extraction System FAIR

Triode Extraction Systems:

1 hole 7 holes 13 holes 19 holes
2 4-8 mm 2 4+6 mm g 3 mm @ 2+3 mm
,’ \h
lb° 2
Ao <
O
Plasma - Screening s N
distance: r=3mm f 2] II
Aspect Ratio: s=05 [/ AgX \ |15
G )G@ O3] - -
MAX Ext. Voltage: 35 kV @g J | -
Emission Area: 92 mm? NS S ¢ ll

-8 -18 ] 18 20 kL]

Aleksey Adonin »FAIR relevant Measurements and Investigations in the lon Source Group” 5/30
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Gl Penning Ton Source FAIR

PIG (Penning Ionization Gauge

A

PIG Magnet 110°=" N W 552N e me N\
e o) 1 BB,
. ‘m Y N ’/////\'—— — il

Extraction = =\ & |
_ - au | AP
(Ug,, = 13.5 kV) ~—~—_ W

e
:Zfs,

» Slit Extraction System

» Working Material:
Gases and conductive Metals

» Duty Cycle: up to 50Hz / 5ms

» Emission Current Density:
up to 100 mA/cm?

» Charge State: 1+...10+




* Solenoids

* Multipolmagnet (Hexapol)

* Plasma Chamber

* 6as Inlet fiir Working Gas and Auxiliary Gas
- Ofen

* Triode Extraction System

Kobra-INP (INP Wiesbaden) Simulation, P. Spadtke

ECR Ion Source

Caprice ECRIS :

Hexapol:
Solenoid:
MW-Power:
MW-Frequency:
Gas Pres.:

Solenoid

kammer ™

FAIR

ca. 1T
08.14T
50..700 W cw
14,5 GHz
106..10-* mbar

ECR Zone

B S
| P — e 0

j'

. @ "
@®- -)!"4 @. .

kw_{ |
\

Hexapolmagnet
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CAPRICE = Compacte A Plusieurs Résonances lonisantes Cyclotron Electroniques



Ia(BZ’gm}.BCR 2002-2008 = FAR

250
O Isotope 3
O Isotope 2
O Isotope 1
200 .
& Main Isotope
‘»
o
Ie. 150 ]
(J]
E
£
£ 1001
(]
(a'a]
50+ 6 124
124
]
208
0-

H Li C Ne Mg Si S Ar Ca Cr Ni Fe Zn Sn Xe Pb 5
=51
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Part 2:

Projects and Development
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p-LINAC Injector

Compact PIG/
PIG upgrade

Projects

New Elements
for acceleration

Ers (90%) = 585 mm-mrad Erms (90%) = 380 mm-mrad

28 GHz ECR Improved Beam Brilliance for Uranuim .




===l Motivation FAIR

FAIR requirements for uranium beam:

Ton charge state: 2384+

Specific Energy: 2.2 keV/u

Pulse Length: 0.5 ms /PS": ::::
Repetition Rate: 2.7 Hz (1 Hz)

Beam Current (RFQ): 25 mA (16 mA)

Beam Emittance (RFQ): &y = 250w mm- mrad

(cgox ~ 300w mm-mrad)

23




=1L Present Status for Beam Time Operation FAIR

MEVVA, ... o
I(Fc)oe &

— 180 mA, 120 mA U*
N~ — 90 mA, 60 mA U%
I:’:;:;‘::"’"'”" -j::—f e 55 mA, 37 mA U4+

ar i — 45 mA, 30 mA U%
' / 15 mA U*, Max.: 25 mA ‘,
4

File Evaluate Configure

12 mA U# (in front of RFQ)

- £,=220r mm mrad

" " 8y=2001r mm mrad

Max.: 16 mA

For FAIR:

25 mA, £,=250nr mm mrad

DB

18 28 30 X [mn]
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EIZ=SIL  Measurements behind Triplet (Terminal North) FAIR

x plane y plane

File Evaluate Configure Options Utilities PEDISP File Evaluate Configure Options Utilities PEDISP
? ;i FILE: 123651Y.¥HL

I % a1 L) = Crm rradl
108.8 . . 723.36
95.8 : . 383.56
98.8 . JB2.66
80.0 +|| 80. 213.88
00.1 t| 48[4 118. 31

KU-plane:[+]18.B]+] =1 | i / KU-plane:[*]18.B]# ][ = |
Eps  (mm mrad): Eps  (mm mrad): 223.85
alpha : , alpha :-1.14
beta (mn/mrad): 1. i beta (mm/mrad): 8,93

ganmal{mrad/mn): 3. : ganma(nrad/mm): 2. 47
current  (uf): 2.9 current  (uA): 2,95e+004
5% {nn): 4. ==t Sy (nm): -0.45

Sy’ {mrad): ' (mrad): 6.37

B (mA/Eps 2): B (mA/Eps 2): 6e-BB5

] {(nid/E 2): 4.87e-B85 B {(md/E 2): 3.26e-BB5

edit mode edit mode

Uranium ion beam (all charge states)
Transmission through triplet nearly 100%

34 mA full beam =—> 21 mA 238U% behind
triplet

FAIR requirements: 25 mA inside 250 mm mrad

But: 8 m distance to RFQ

25
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=== Goals FAIR
T k™ AT . ST e, - BT TR TR T

» Upgrade the high current ion sources

- Increase of Beam brilliance by factor of 2
- Increase of Duty cycle by factor of 2.7

» Build up a new Injector (Terminal West)

- Specified only for uranium operation

- Includes uranium service area (safety and rad. protec. reasons)

» Design the Compact LEBT

- Short, consists of 2 focusing elements
- Optimized for 238U%* beam

26
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& mewa, .

4 |(FC) B .
DC post acceleration
I{acz), BT 1

: Faradayraum®erd
| (FC): Faraday cup current
Qr | (acc): Beam current in BT1 at 2.2keViu

Faradayraum Sud




== New DC Post Acceleration System FAIR

[°'d' designed for 300 ij [new, designed for 100 kvj
Faraday
Movable 4 electrode syste Rofm )
Variable

Aperture 40-60mm
Aspect ratio: 0.3-1
Repeller electrode for
SCC beam transport HV Gap

ZASASE

iFan

S i-:l-l-_a_.':ﬂ._._._b-g--
LS Tanyesir
-y

E;R.‘.'.

Current
Transformer
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GE==1I Heavy elements for acceleration FAIR

Bi - single isotope, low toxicity
Au - single iso*ope' non-*oxic : w2 vAe v Hj'ﬂm wm um B vzm vz um

e vz fune um'im"ba'\ms U 238

™ nzn'hm'hm nm’hm nm'hm TR TR TR nm INIY INZZ2 TR ThIN um s Wy nm um'hm
.....................

'hn~w~nhujum'hmum2nmumum~ma-m~xu~m\wmnmrhn’..
" . G [0S = W o
uaumhnn e 206 Thn 707 Tha 208 11 200 e 210 e umumumumhmumuuhmhmhmﬂm n
Al A A Sty k
m-unt-l‘hw'vm"mu"m 'mwr- T fne B2s e B haw s Thae han
~~~~~~~~~ PPV it
unnl-mumbmn\.ﬁz‘jj""’bm mmumhmumu.m-muambmuum’

.............

.........
e

A T TR
IIIIII!.IIIIII“I‘
GEEEES TR S R
__JRUPA - 2 To fulfil the gap in the region of heavy
B G T o v elements between 81Ta and 238U as
well as the requests of a number of
research projects, it is planned to
develop three additional elements:
197Au, 2%%Pph and 209Bj for operation
with the VARIS ion source.
=51
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Particle Percentage

Experiments with Bi FAIR

Temporal profile of
Bi** beam:
' I I

0, -
100% 7 95% O pure Bi
O Bi-Cu
80% -
66%
60% -
40% -
o 20%
20% - 14%
4.5%
0% | l_lo | 0.5% |
0 I I I
1+ 2+ 3+ 4+ 5+

lon charge state

Pure Bi cathodes:

> Operation with low discharge currents
(below 500 A)

> Melting of the material at higher currents

» NO Bi“* ions observed in the Spectrum

Bi-Cu cathodes:

» Cu admixture between 8% and 15%

> Discharge currents up to 900 A

> Stable operation

> Good pulse-to-pulse repetition

» 15 mA of Bi** in front of the RFQ
30




Bi - SEM investigation FAIR

Cathode 4
“GOOD" > Higher Cu-concentration on the surface =>

Bi - Cu (15%) => "600D" behaviour

41 hours in operation

2.27 MJ
Composition
ROI Element
Wt (%) At (%)
Bi 50.3 23.5
35-1
Cu 49.7 76.5
Bi 56.9 28.6
35-2
Cu 43.1 71.4
Bi 63.8 34.9
35-3
Cu 36.2 65.1
Bi 83 59.7
36-1
Cu 17 40.3 Bi36 Mag=53x HV=20kV




=== Plinac FAIR

to SIS18,
Source
LEBT RFQ CH-DTL by
o7
Gl ek A S - i - - - Y - R R i
95 keV 3 MeV Re-Buncher 70 MeV Dump
« 44 m >
R. Gobin
- ——y SILHT from CEA:
eam energy e
Beam current (op.) 35 mA 130 :nA @ 95 keV
Beam current (des.) 70 mA ~95 % protons
Beam pulse length 36 us >99 % availibili'ry
Repetition rate 4 Hz x
Rf-frequency 325.224 MHz cw (pulsed operation poss.)
Tot. hor. emit. (norm.) | 2.1/ 4.2um £ (rms) = 0.2 mm mrad
Tot. mom. spread <+103 . .
Linac length Sen life time of months
low noise
small beam fluctuations

100 mA @ 100 keV ECR @

T I: l Pl m 2 45 GHz

"A\-‘ntuhAllny 99.8%|17

Total : 160.54
IMTBF : 23 1Hl.
b em— s———

{Energy = 95 ke

Total extracted current (mA)

DR e 32
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==L Renew of the PIG FAIR

PIG Ion Sources are modeled in
CATIA 3D

.old" sources are on their way of being
.renewed"

Very dificile structure at source head
(more than 70 pieces for ,the head")

Task for the future: simplify
mechanics and boost intensity




===l - ] FAIR

Thank you for your attention!
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lon Extraction FAIR

Low ECD }——
)

4
e — e =

A QN

N

Matched Case
| %)

: -

High ECD }——

Child-Langmuir Law:

:ﬂg. Ze_é/.i,E?»/2 S:L E:UExt

Joo g %o m Jd d d

4 el
lo, 257['50 \/? -S° 'UExtB/2

Plasma electrode
8/17/99*002, fi

IGUN-5.002(C)R.Becker, RUN O

Screening Ground

le=h8a.in

100

80

7 ) ]

|

2 0

| Plasma > d . _
| | | | meniscus R. Hollinger

35
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=1l Beam Quality FAIR

Beam Characteristics

Ar-beam  Ni-beam

(CHORDIS) (VARIS)
Ug,.: 18 kv 18 kv
I 60 mA 60 mA
Div. Angle: 50 mrad 95 mrad

Ton beam pulses along the LEBT

N,-beam  Ni-beam
(CHORDIS) (VARIS)

i i g wos [ CT 1: 20 mA/div 10 mA/div
| | CT 2: 20 mA/div. 5 mA/div

s e it
] e ot €T 3 5mA/div. 2 mA/div
SRy e A LY O R Sy 0w A Chi 7 St CT 4. 2 mA/div 1 mA/div
R. Hollinger 36
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=1l HOSTT - New setup FAIR

/190 mm\ 750 mm l 291 mm \
Extraction HV- Scanner Scanner
System electrode Slit Grid




Q.
pu= |
it
Q0
)
S
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Z
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=i Filament driven Sources FAIR

Operation principle (ion production)

- Extraction
System

Plasma Generator

Filament
(cathode)

Extracted
lon Beam

Plasma

. Ug, = -(1.5+2) kV
Ug, = +(15+25) KV
e h >

Aleksey Adonin "Alktuelle Problemne der Beschieuniger- und Plasmaphysik™ 09. Juli 2010



