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Plasma Parameter — lon Extraction F-“R I=5= 1
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lon Sources at GSI F-“R === 1L

Filament driven lon Sources, MUCIS and CHORDIS

Low charge state (1 to 3+, max. 1+)

High emission current density (>100mA/cm?)
Low electron temperature (few eV)

Low ion temperature (<leV)

Upy=10-50V

Very low ion energy (few eV)
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lon Sources at GSI F-“R I=5= 1

Vacuum Arc driven lon Sources, VARIS

* Low charge state (1 to 5+, max. 2-4+)

e High emission current density (>300mA/cm?)
* Low electron temperature (few eV)

* Low ion temperature (<1eV)

e Upy=0-20V

* Highion energy (100eV)
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lon Sources at GSI
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Vacuum Arc driven lon Sources, VARIS

lonenenergieverteilung
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lon Sources at GSI

High Duty Factor lon Source - PIG
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Middle charge state (2-8+)
Middle emission current density
Middle electron temperature (few
eV)

Middle ion temperature (few eV)
Up,=20-50V

Low ion energy
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lon Sources at GSI F-“R === 1L
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Primary Cross Sections for H2 F-“R iI= =1L
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		Primärstoß

		Reaktion

		

		



		P1

		e + H2 ( H2* (rot) + e

		

		



		P2

		e + H2 ( H2* (vib) + e

		

		



		P3

		e + H2( H2* (elec) + e

		

		



		P4

		e + H2 ( H2+ + 2e

		

		



		P5

		e + H2 ( 2H + e

		

		



		P6

		e + H2 ( H+ + H + 2e

		

		



		P7

		e + H2 (total)

		

		



		P8

		e + H2 (elastic scattering)

		

		



		P9

		h( + H2 ( 2H

		

		



		P10

		e + H2( H- + H (< 10-21)

		

		



		P11

		e + H2 ( H- + H* + e (< 10-20)

		

		






Secondary Cross Sections for H2 F-“R iI= 5= 1L

Sekundarstol Reaktion [eV] Referenz
S1 H'+H>H+H <0,2 [Taw, Sa]
S2 e+Hs > H+H +e [Chan 2]
S3 Hy+H-oH" <100 [Nak]
S4 H+H, 5> H+.. <10 [Nak]
-14 S5 H+H, > H +. <300 [Nak]
10 S6 e+H>H +2 13,6 [Kie, Ch, Taw 2, Chan]
S7 e+H,' >H' +H+e <1 [Step, Chan]
S8 e+H(ls) > H(2p)+e <13,6 [Cou, Cal]
S9 e+H(2s) > H +2 <2 [Taw 2]
S10 e+H 5> 2H +2¢ [Kie, Step]
1015 L si1 hv+H(s) > H +e 136 [Cro]
£ S12 hv+H(@p) >H +e 35 [Cro]
[ S13 hv+H(2s) > H +e 35 [Cro]
— [ S14 e+H(Is)>H(@s) +e [Cal, Kie 2]
S15 e+H(1s) >H@Bs) +e <15 [Cal, Kie 2]
g 10-16 L S16 e+H(ls) >H@Bp) +e <3 [Cal, Kie 2]
— £ S17 hv+H," > H +H <6 [Cro]
o F S18 e+H SH+H <02 [Step]
L S19 Hy" +H, > Hs" +H <0,1 [Ale, Chan]
t S20 e+H, (vib) >H +H [Wad]
17 S21 e+H," 5> 2H <0,2 [Step, Chan]
10 E S22 e+H, S>H +H 03 [Pear 1]
F 523 e+Hyf >2H+H +e 15 [Pear 2]
r S24 H+H, > H +.. <50 [Nak]
v 1 S25 H+H, >H +Hy+e <01 [Nak]
} S26 Ho'+Hp > Ha + Hy' <1 [Mor]
10-18 ] A S27 e+Hs >H <01 [Brian]
S28 e+H > H +3e [Det]
0 y 1 1 10 100 1000 S29 e+H—H (elec) [Iti, Bas]
530 e+tHoH <8 [Kie]
i s31 et+Hs" > Hy +H 0,3 [Ale]
Energle [EV] $32 e+Hy > Hy(vib) > H+H, | <2 [Pear 3]
533 H+HoH+Hy+e 4,48 [Taw 3]
S34 e+H > H+2e <01 [Pear 4]
S35 H+H >H+H+e 1,1 [unbekannt]
S36 hv+H — H+e(<10™) [Gel]
S37 H +H — H + H(<10™%) [unbekannt]
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		Sekundärstoß

		Reaktion

		[eV]

		Referenz



		S1

		H+ + H ( H + H+

		< 0,2

		[Taw, Sa]



		S2

		e + H3+ ( H2 + H+ + e

		

		[Chan 2]



		S3

		H2 + H ( H+

		< 100

		[Nak]



		S4

		H- + H2 ( H +...

		< 10

		[Nak]



		S5

		H- + H2 ( H+ +...

		< 300

		[Nak]



		S6

		e + H ( H+ + 2e

		13,6

		[Kie, Ch, Taw 2, Chan]



		S7

		e + H2+ ( H+ + H + e

		< 1

		[Step, Chan]



		S8

		e + H (1s) ( H (2p)+ e

		< 13,6

		[Cou, Cal]



		S9

		e + H (2s) ( H+ + 2e

		< 2

		[Taw 2]



		S10

		e + H2+ ( 2H+ + 2e

		

		[Kie, Step]



		S11

		h( + H (1s) ( H+ + e

		13,6

		[Cro]



		S12

		h( + H (2p) ( H+ + e

		3,5

		[Cro]



		S13

		h( + H (2s) ( H+ + e

		3,5

		[Cro]



		S14

		e + H (1s) ( H (1s) + e

		

		[Cal, Kie 2]



		S15

		e + H (1s) ( H (3s) + e

		< 15

		[Cal, Kie 2]



		S16

		e + H (1s) ( H (3p) + e

		< 3

		[Cal, Kie 2]



		S17

		h( + H2+ ( H+ + H

		< 6

		[Cro]



		S18

		e + H2+ ( H + H*

		< 0,2

		[Step]



		S19

		H2+ + H2 ( H3+ + H

		< 0,1

		[Ale, Chan]



		S20

		e + H2* (vib) ( H- + H

		

		[Wad]



		S21

		e + H2+ ( 2H

		< 0,2

		[Step, Chan]



		S22

		e + H2+ ( H+ + H-

		0,3

		[Pear 1]



		S23

		e + H3+ ( 2H + H+ + e

		15

		[Pear 2]



		S24

		H + H2 ( H- +...

		< 50

		[Nak]



		S25

		H + H2 ( H+ + H2 + e

		< 0,1

		[Nak]



		S26

		H2+ + H2 ( H2 + H2+

		< 1

		[Mor]



		S27

		e + H3+ ( H

		< 0,1

		[Brian]



		S28

		e + H- ( H+ + 3e

		

		[Det]



		S29

		e + H ( H* (elec)

		

		[Iti, Bas]



		S30

		e + H ( H-

		< 8

		[Kie]



		S31

		e + H3+ ( H2 + H

		0,3

		[Ale]



		S32

		e + H3+ ( H3*(vib) ( H- + H2+

		< 2

		[Pear 3]



		S33

		H- + H2( H + H2 + e

		4,48

		[Taw 3]



		S34

		e + H- ( H + 2e

		< 0,1

		[Pear 4]



		S35

		H- + H- ( H- + H + e

		1,1

		[unbekannt]



		S36

		h( + H- ( H + e (<10-18)

		

		[Gel]



		S37

		H- + H ( H + H-(<10-18)

		

		[unbekannt]






Recombination Cross Sections for H2 F-“R I=5= 1

10—13 E

R2
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S34

i s3 35 1 Rekombination Reaktion [eV] Referenz
& 1015 3 E R1 H+H >H +H+e 05 [unbekannt]
% i /533 ] R2 H" +H — 2H <01 [Mosley]

6 106 | R3 H +H, >H+H; <1 [Nak]
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		Rekombination

		Reaktion

		[eV]

		Referenz



		R1

		H+ + H- ( H+ + H + e

		0,5

		[unbekannt]



		R2

		H+ + H- ( 2H

		< 0,1

		[Mosley]



		R3

		H+ + H2 ( H + H2+

		< 1

		[Nak]






lon Source Principle F-“R iI= =1L

Plasma Generator — Extraction
0= System

Filament
(cathode)

N

Extracted
lon Beam

AR u..=0
U, = -(1.5+2) kV
Uga = H15%25) kv
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Filament Driven Plasma F'\lR I= == i

lonentemperaturen
KT <0,5eV

Elektronentemperaturen
kT=1-2eV

sun 1T
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lon Extraction

FAIR GmbH | GSI GmbH

Child-Langmuir Law:
4 28§.L.E3/2 S =

JCL_E‘("O' -

m  d

ICL :gﬂ.go. ’%'82'[]&13/2
m

Plasma electrode
IGUN-5.002(C)R.Becker, RUN 08/17/99°002, file=|

Q|
Q.

Screening

80

~ | lon
/ trajectories

Plasma - .
meniscus

FAR ==

Extraction Types:

» space charge limited
(high current ion sources)

e emission limited
(EZR ion sources)
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Extraction System

Plasmaelektrode Screeningelektrode  Erdelektrode
55kV 8 mm /-7 kV 0kV
] 70° ‘
74724 s
A
g
g
: =
= z-Richtung
a b
N\ N
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kT
Erms, 89%, norm = 16,3291 \/Z

grms, r-r’, 80%, norm [Tt mm mrad]

0,035

0,030 ¢
0,025 ¢
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0,015 ¢
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0,005
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FAR ==

Extraktion mit
minimalem Divergenzwinkel ]

r=4mm
kT, =0eV
U, =55kV

Erms, - 80% [t mm mrad]
w

0

0 50 100 150 200 250 300 350 400
1 [mA]

1 =240 mA |

=220 mA
1=170 mA

I =110 mA

Radius [mm]
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Single to Multi Aperture Extraction System - why F-\lR iI= =1L

3 : mrad
‘ 300
2. 700
' ] Protonen
200 | N 600 | Grundlage: Child-Langmuir und
1. | g U_ = 8,4*105* 0545 |
100 - 200 max
0 == § 400 |
0 . £ 300 |
1. | & _ # =
-100 200 |
2. - 100
-200
\ | it ‘ ‘ 0 .
-3. E —| 1111':1!13 7 I R 1 2 3 4 5 6
' ' ' ' : -om 14 1. 06 02 2 6 1. 14cm r [(mm]
AXCEL-INP simulation for extraction of 35 mA Emittance pattern of the trajectory plot of
Bi* and 8.75 mA Bi2* with a single aperture Figure 5.19 (&100 ¢, = 3000 7 mm mrad,
extraction system &ms = 367 T mm mrad)
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Extraction Sytems

Triode Extraction Systems:

1 hole
2 4-8 mm

Plasma - Screening
distance:

Aspect Ratio:
MAX Ext. Voltage:

Emission Area:

FAIR GmbH | GSI GmbH

7 holes
2 46 mm

r=3mm
S=05
35 kv
92 mm?

FAR m=mx

13 holes 19 holes
g 3 mm g 2+3 mm

0.1, 03

e -

p '

7 AN |
/ \

[ \=|

I |

el | 3
/

~ - 1
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Emittance

MeRergebnisse (85 % H*, 56 mA, 26 keV)

Divergenzwinkel (80 %)
Strahlradius (80 %)

g (x-x", 80 %)

g (rms, x-x", 80 %)

g (rms, x-X", 89 %)

¢ (rms, x-x", 80 %, norm.)
¢ (rms, x-X", 89 %, norm.)
¢ (rms, x-x", 100 %, norm.)

FAIR GmbH | GSI GmbH

-55.7

38 mrad

5,9 mm

6,3t mm mrad
4,557t mm mrad
5,66t mm mrad
0,0347 mm mrad
0,042t mm mrad
0,0627 mm mrad

100

=5

F

FAR ==
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/

/
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¥

21.7 ¥ Camd
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Computer Simulation —- KOBRA3D

[em) vl [mrad]
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21

]
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FAR E=x

lon fraction U3t =16 %, U* = 67 %
USt = 14 %, Us* =3 %
Potential plasma electrode 32 kv

Potential screening -1.5 kv
electrode

Emission current density 150 mA/cm?

for standard operation

Longitudinal ion energy 160 eV

electrons**
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Computer Simulation — KOBRA3D

FAIR GmbH | GSI GmbH

Extracted ion beam current 140 mA

Divergence angles, rms 80 mrad, 40 mrad

Beam Area (rms) 3-10*m?
Beam diameter (real) 19.4 mm
Effective emittance, 100 % 400 © mm mrad

Horizontal 4rms values, 88 % of the ion beam current

Emittance 440 © mm mrad
a -0.0354
Yij 0.2148 m/rad
¥ 4.661 rad/m
Vertical 4rms values, 89 % of the ion beam current
Emittance 470 T mm mrad
a -0.0224

0.2016 m/rad
¥ 4.963 rad/m

FAR ==
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Computer Simulation — KOBRA3D F-\lR iI= 5= 1L

Extraction
E 2 rl.m] - in x pla ‘E 2 y[m) potential in xy plane a:z.: 015 meter E.; yim) Post Acceleration

2 | o q
¥
{
(

24

A Tt o IWE
L L | ——A Ir

B Ul |E o LU, )
A — e =T
= R T ldr | Py -
SN | [jd ol | —
@20 mm, 1=159 mA @854 mm, I=117mA  @1054 mm, I=56 mA  @1674mm, I=56 mA

X {imvad)

* (mrad)
""«'i.‘
A

X ()

FAIR GmbH | GSI GmbH 2/23/2024 20



Axcel-Simulation (67 % 238U%)
50 mA (FC 1), 28 mA acc. FAR ==

AXCEL-INP VERSION 345  potentia and trajectory plot ITERATION 5
2 M color table v
97034.6
8 826725
2.
683104
1.
539483
0
395862
1.
252242
2
10862.1
3
4. -3500.
ol T At R M
INP Wiesbaden (GERMANY)
COMMENT: B67% 238U4+50mA full beam DATE:  01/10/02 TIVE: 18.06:67

[ ]
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Axcel-Simulation 50 mA (FC 1), 28

aCcC.

AR I= 5= 1l

epsilon {100%)

358,136 mm mrad

337.394 mm mrad

348.515 mm mrad

alpha

-0.7818

-0.6517

-0.6339

beta

2384 m

2828 m

2866 m

gamma

478 1/m

50375 1/m

48013 1/m

mig 793333

mig 595

miqg 476 -

emittance at

COMMENT:

-4,

*E -2 rad

3 species calculaion
epsilon {rms)

51.9012
554236
53.0507

alpha

713
0507
0881

beta

2178
2054
2133

gamma

47252
4 8818
47238

¢ =337 t mm mrad

.9 m 200575

67% 2384+ 50mA full beam

mA

1. 2. 3. 4! "E .2 meter
INP Wiesbaden (GERMANY)
DATE: 01114/02 TIME: 13:09:51

mm mrad
mm mrad
mm mrad

3

1/m
1/m
1/m



ECR ion beam - full beam and analysed F-“R iI= =1L

full beam behind extraction full beam behind solenoid analysed beam
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Computer Simulation — Kobra3D for ECR F-“R iI= 5= 1L

KOBRA3-INP geometry plot
iteration 8
E -2 z[m] in xz plane aty= 0343  meter

i dy: .0 <> .0693

geometry of plasma

B,
chamber and accel-decel
5. .
extraction system, 15kV,-
4 —— 2kV.
° . Only Ar3* (yellow) and He*
) (blue) are displayed.
M
0 1
r(i:IQ:PE:ﬁr&%ﬁf&%lEs%K}t\lf?::g?iT:e#p{asmachamber#extractioanLOT051 EPS gg:?i ?l\IGI;OE\ﬁgsUb?aden Hme: 23:50:44 P ] S p ad t ke
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Computer Simulation — Kobra3D for ECR F-“R iI= 5= 1L

KOBRA3-INP . u-emittance plot
location x= .36 m  beam direction x iteration 8
y= .035 m
*E 2 mrad z= .035 m nrr‘ofra:s 2:2:
shown here
f . .
‘4 mass from 0.0000to 50.000 current B4E04 A
1 1 within O4E-04 A
] ] )
1 P
1 1 s
1 S
6 . ;';v
1 1 M
&
‘ P
-0.2 o 4 1 .
| r X — X' emittance
o'
i
06 | p {?/ |
% B
i | LT |
-1.4 | |
a — — — — — T3 2 m
CAPRICE Accel-decel extraction date: 06/02/2007 time: 23:26:43
file: F:/INP/DATA/KOBRA/caprice/plasmachamber/extraction/PLOT046.EPS  user: INP Wiesbaden P Spa d tke
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Computer Simulation — Kobra3D for ECR

KOBRA3-INP

*E 2 mrad

location

mass from

mixed phase space u-vs

x= .36 m  beam direction x
y= .035 m
z= .035 m

0.0000to  50.000

FAR ==

-1,

CAPRICE Accel-decel extraction

file: F:/INP/DATA/KOBRA/caprice/plasmachamber/extraction/PLOT047.EPS

FAIR GmbH | GSI GmbH

date: 06/02/2007
user: INP Wiesbaden

iteration 8
nr of rays 2832
shown here 2832
current O4E-04 A
within 94E-04 A
‘ ‘ 1
X —y' phase space
T3 E2 m
time: 23:26:49

P.Spadtke
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Computer Simulation — Kobra3D for ECR

B -2 z[m] in yz plane atx= 1533 meter

7.

dx: 147 <>

1596

FAIR GmbH | GSI GmbH

70 E 2 y[m]

FAR ==

all extracted ions

not homogeneous
at all !

P.Spadtke
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Danke fur die Aufmerksamkeit
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