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Beam Formation

e particle generation
© electrons
10NS
What stands beam formation for ?
e extraction
o drift

e post acceleration
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USEFUL EQUATIONS

Ap = V(g, KT, /€2n) Debye length

Ag [M]=7.43 (T, [eV]/ n,[cm3)) practical units

w, = 2N, /ey m, plasma frequency

®pe [Hz] =8980 n, [cm™] practical units for electrons

oy [Hz] =210 n; [em] g / A[amu] practical units for ions



USEFUL EQUATIONS

j=4e,/9N2q / m, DL5/d2 Child's law

P=|/®L15 perveance
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Beam Formation: Electrons

e How to create electrons
e How to create an electron beam




BEAM FORMATION

saturation current density j . for different materials

_ material D[V] A
Jos = AT? exp(-eD/KT)
molybdenum 4.15 55
@ workfunction [V] nickel 4.61 30
tantalum 4.12 60
T temperature [K] u
tungsten 4.54 60
barium 2.11 60
cesium 1.81 160
iridium 5.40 170
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BEAM FORMATION

Simple cathode

resistive heating
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BEAM FORMATION

Pointed cathode

resistive heating
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BEAM FORMATION

Alternative cathode materials ,

e dispenser cathodes

T (K tungsten |tantalum | BaO LaB

 LaB, cathodes | S
1000 O ep e1ssan; exitel g
1500 plapitam enthtterfégm of the
2000 o.amafifuny reatpeakaiiesf a
2500 0.3 (ABO0AT)

18.06.2005



BEAM FORMATION

lon Beam

Solenoid
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Solenoid

energy

current

1 Perveance

efficiency

mag. flux den.

vacuum

2*10+4

<0.2T

I

< 2*10 mbar

I

Solenoid
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BEAM FORMATION
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BEAM FORMATION

transverse energy as o =

function of longitudinal » -

position for a 50 keV, 10 A = Tl |
electron beam, guided by ** I HEi EEA Akt RNEhaddi]
a solenoid field with a (RRRRRRAKLHAERTARR AR ARRAKN G}
symmetry error of 102 IR A A
over a length of 30 cm. 0.5 lenghh in mater 1.0

because of the magnetic field the
transverse emittance 1S not constant!
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BEAM FORMATION

transverse energy as function of beam
energy and applied magnetic field for
two different post acceleration
geometries:

* single gap acceleration gap

» multi gap acceleration gap

18.06.2005
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BEAM FORMATION

Collector to dump the electron beam at lowest possible
cathode-collector voltage, but with highest possible efficiency.

| T
027

AT r X

| potential
eeeeee
0w

longitudinal direction
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BEAM FORMATION

A similar setup of electron gun and collector is used
In most of rf-power tubes, such as klystrons and
gyrotrons.

work function ™
cathodes >

cooler >

go back to ...
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lon generators

e MUCIS
e Mevva Ion source
e PIG 10N source




lonization Potential (eV)
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BEAM FORMATION
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post acceleration

T ﬁ UL4ADT3
@‘w@)

= UL5DT5

= 1

M

spezific energy: 2,2 keV/u

extraction voltage: 6 kV bis 35 kV
postacceleration voltage: O kV to 130 kV

pulse length: 0.1 ms to 6 ms

repitition rate: single shot to 50 Hz

max. mass to charge ratio, m/q < 65

design ion: 2384+ 130X g2+

max. resolution: Led isotopes can be separated
space charge limit of the RFQ: 0.25 x m/q [mA]
acceptance of the RFQ: ¢, ,= 138 = mm mrad

=
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eam transformer

UL5DT8 UHI1DT1

I
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High current ion sources at GSI.

« MUCIS MUIti Charge lon Source
* MEVVA MEtal Vapor Vacuum Arc
medium current ion source at GSI

* PIG lon source  Penning lonization Gauge
low current source

 ECR Electron Cyclotron Resonance

18.06.2005 20



Multi Cusp lon Source MUCIS

CATHODE (2x) SmCo MAGNETS

EXTRATION APERTURE

SmCo MAGNETS
Y
ANNNN
GAS INLET C
INSULATORS

ANODE ACCEL- DECEL ELECTRODES

REFLECTOR ELECTRODE

18.06.2005
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Multi Cusp lon Source MUCIS

60 CoSm-magnets (2 Tesla)
cathode: 6 filaments. W/Ta

arc power: 30 kW

typical duty cycle: 5Hz /1 ms
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Multi Cusp lon Source MUCIS

achieved ion currents from MUCIS

at the entrance of the RFQ with 2.2 keV/u

ion
2
H;*

14N+
14

N,*
18

O,*
2ONe™

RFQ sc limit

1,5 mA
3,5 mMA
7 MA
9 mA
5 mA
10 mA

injector

2.5 mA
4 mA
3 MA
5 mA
5.5 mA
20 mA

18.06.2005
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Metal Vapor Vacuum Arc lon Source
MEVVA

[INSULATORS
ANODE
COlL
OUTLET ELECTRODE
TRIGGER e s
= S
75
— ZAN7/
RN N
-
S INSULATORS
T — ACCEL- DECEL ELECTRODES
GRID 2
INSULATORS GRID | S
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MEVVA |V

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
service interval: 1 week (Uran)

10.UU. Z00UJ

Mit Wase
:Jﬁ_‘."-én
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MEVVA |V
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charge state distribution

Maszsenspekirurn  U03

| analysiert

7

18.06.2005 Halbspannung {Sollwert)

- U2+
o
/f 1 L 1 L il . L =nll ! o —
0.00 070 140 210 280 350 ' 420 490 5.60 ooV
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MEVVA |V

18.06.2005

achieved currents

ion

12C+
24Mg+
24Mgz+
48T+
48T |2+
48T |3+
S2Cr+
S8N|j+
S8Nj2+

92\ o2+
238 J4+

design

3 MA

6 MA

3 MA
12 mA
6 MA

4 mA
13 mA
14,5 mA
7,25 mA
11,5 mA
15 mA

injector

7 MA

3 MA
20 mA
20 mA
6 MA
10 mA
5 mA
6 MA
20 mA

testbench

20 mA
70 MmA

35 mA

35 mA

35 mA

30 mA
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MEVVA |V

| UL4DT3: 10 mA / div (— 55 mA)

. UL5DT5: 10 mA / div (> 40 mA)

l-l. . "
{l i ' )

:' {. . i
| i |' - i'.'

Chl 1.00V
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Ch2 1.00V

H 100ps A Chl J 640mv

. UL5DT8: 10 mA /div (— 25 mA)
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10mA UL5DT8  7-DEC-2001 8-DEC-2001

o N O~ O 0

long time stability
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Simulation of the ion beam along the
beam line

asll{ﬁ{%ﬁr%\?ﬁhﬁafo%%iﬁ' ugpted from
extraction from the 1on source to the front
of the dipole magnet by trajectory tracking.

elegii G UEld e rRUEHRARRLERJR gravity
10 WRHin the extraction system and in the post
acceleration.

gotatwradl alackigobeldeigke present only in
these two sections.

External magnetic fields are present in the
guadrupole section.
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Simulation along the beam line

KOBRAS3-INP y,emittance at 0.120 m
I On : 238U4+ 1oomrad | | nrofrays 3672
EEEE shown here 3348
] T/ extragtionossz A
location in 1d@36tBhAKV =0 \ thin—¥" 0515 A
direction * i
20 - T
Uacc 100.9kV — L -‘_Ié."‘;‘ —acceleration
total curt — 13- 17 .
ftot 25 mA /B drift
o quadrupole
-100 : ‘ : ‘ ‘ : ‘ : ‘
-50 -30 -10 10 30 50 mm

Y-emittance +/- 100 mr@

18.06.2005 +/- 50 mm 32



Fasten seat belt

: extraction !!!

KOBRAS3-INP y emittance at 0.004 m
mrad
100 - - nr of rays 3672
b shown here 1135
P current 0552 A
60 - : TR within .0178 A
I
1
20 |
|
20 - P
RERN
60 - R
EEE
_100 T T \' t : :\ T !
-50 -30 -10 10 30 50 mm

18.06.2005
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Fasten seat belt: extraction !!!

KOBRAS3-INP y emittance at 0.006 m
mrad
100 - s nr of rays 3672
BERE shown here 2411
SRRl current 0552 A
60 - e E : within 0371 A
Ml
20 ' iJ ! i
‘i E ; :
-20 ) !45 : l
ik
60 SEER
4 g ¢
: i
K i
-100 - trpil ‘ ‘
-50 30 -10 10 30 50 mm
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Fasten seat belt: extraction !!!

KOBRAS3-INP

mrad
100

60 -

20

cxree

denca0nmrti o amece . o]

[

C oo oo

y emittance at 0.008 m

nr of rays 3672
shown here 3407

60 -
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-50 -30
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o
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current .0552 A
within .0524 A
50 mm
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Fasten seat belt: extraction !!!

KOBRAS3-INP y emittance at 0.010 m
mrad
100 - o nr of rays 3672
RERE shown here 3496
: : L current .0552 A
60 - i i z within 0534 A
| ‘i
i
20 - i f ] i |
{ :
\! 1 i ;\
iritg
20 - - ;
L
-60 - P B
Py
_100 T T \‘ . : T T !
-50 -30 -10 10 30 50 mm
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Fasten seat belt: extraction !!!

KOBRAS3-INP y emittance at 0.012 m
mrad
100 - . nr of rays 3672
: ¢ ; i shown here 3456
: Pl current .0552 A
60 ] ; within 0530 A
1115
1 R §
AEER
20 - i 34 i
EERE
B ER
\§ !\
20 RERE
EERE
SRRE
60 - BERE
SR
1100 ‘ tedle ‘ ‘
-50 -30 -10 10 30 50 mm
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Fasten seat belt: extraction !!!

KOBRAS3-INP

mrad
100

20

o139, Lo
o
e

y emittance at 0.014 m

nr of rays 3672
shown here 3423

20 -

-60 4

¢ (@I AT @ DT «%OD ROIPHN PET| SADI oIS (1 @ WO oo

o o -
200 L NI T T N D N BT el T SR AL IR M0 TS = e 00 020

0" oLe O en &o  Aoth Y Vw ST RNt o

-100 ‘ ‘
-50 -30

30

current .0552 A
within .0526 A
50 mm
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Fasten seat belt: extraction !!!

KOBRAS3-INP y emittance at 0.016 m
mrad

100 - o nrofrays 3672
SRR shown here 3385
c g current .0552 A

60 - BERE within 0521 A
: |
1
EERE
] i °

=
HH
[ | i

-20 . t gﬁ ; g
EERE

60 1 SRR
SRR

-100 ‘ ‘ R \ \

-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.070 m
mrad
100 - i nrofrays 3672
. i :I : shown here 3348
N i current .0552 A
60 - iy within 0515 A
IR
NN
? i
0 il
o f |
I
20 ;il I
y | !
F1y gi
60 - !i P
! “ g
-100 ‘ \ — \3 : ; \ ‘ \ ‘ \
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.120 m
mrad
100 - e nrofrays 3672
I ;!’; i shown here 3348
i i current .0552 A
60 - HF ,lii within 0515 A
; j' /1 !
; ,f !1 .
20 ! ,,ii /
111 l,i /
i1
j f
20 - s
;j;f;
60 - / ’i 1A
il f
frid
_100 T T T }’ '\: ; T T T T 1
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.170 m
mrad
100 - V ipr nrofrays 3671
L j’l . shown here 3348
i current .0552 A
60 - vy ,ii!’ within 0515 A
- ;—ip;!:' /
Ny
20 | i,l -j/!ﬂll
‘ ‘ [/i1)
T ,i f,\
20 111
;.-';iilfi ,-’.
;f l{ f7/f
00 ff4i7
! /i
-100 ‘ — ‘;’ y ;\ g \ ‘ \ ‘ 1
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP

mrad
100

60 -

y emittance at 0.220 m

nr of rays 3665
shown here 3343

-100

current .0551 A
within .0514 A
50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.270 m
mrad
100 - ) A nrofrays 3611
PR shown here 3324
e LA
’ ;‘_‘;‘ j s current .0545 A
60 - LS within 0512 A
14 f,:[.’ 1’:
J~y "¢/i"-.'
20 /'ir/f //
'y /
20 / /: /:;i
s g g
] s, /‘ ;
/ f
60 / /{s{f,-‘ |
Ry
s F 0’.‘,‘:
-100 — \f '.."l‘"' \ \ T 1
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.320 m

mrad
nr of rays 3503

100 - : cie
R ya shown here 3280
s current 0534 A
60 1 e within 0507 A
.'}.n ;,/., ":
7 1"/};."
20 S
7/ /,f /£
s
4
20 | s
;"’//Z" 1
4 .
60 - / 4 .“/,-/:-" 8
e
.’I “/ ‘.I' .
-100 ‘ ; .\.. "" T \ \ ‘ \ ‘ \
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.370 m

mrad
100 - ) o nr of rays 3315
~,/.° shownhere 3196
o . / (/ y
. ;;,-/ current .0513 A
60 - N 7 within .0498 A
SIS
i '/,»',;,o"
¢ ;,/‘i,-‘..'
20 - S
s "//:/
Va4 ;}/’,f
LY
/
20 - /, /4{_,
K4 F / ,/',‘
‘."/ l'Q’ ,':
‘l'. G4 .I
_60 _ !f,‘f:.ir;! ; _
.c°.'/,' ;J:
,’l -‘#".
'100 ‘y', .. ’\J - T T T T T T 1
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.420 m

mrad
100 - ) o nr of rays 3169
~,77. shown here 3109
° ,/’f,
. ,ﬁ",a-;,*‘,.- current .0494 A
60 . RS within .0485 A
. ‘J pd s .
& ‘/»/f‘/c"
L
R4 4
20 - A5
}/ Va4 !‘
' K/j' o'::' ,"\'
oy es
oy i
'20 B ) J":é{ / ,a'.:ﬁ,
S /:,;"'
I'f/}j* ’ .
60 SO -
’.-':/"ir."
.7/.- ‘J“.r .
'100 }',‘..'J .\ T T T T T T 1
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.470 m

mrad
100 . L nr of rays 3016
7,7 shown here 3001
o . ,”’f N
,Jg;,:,-;; current .0468 A
60 ] R within .0466 A
| S
e /:/ 5’ dl
20 N7
P yy
| S
l‘.#//fr: /"l‘
20 - ,/;;//*
J,;;/ i’
’fv 8 e
4
_60 B . w" 4‘:-’:{' _
I
100 S
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP

y emittance at

mrad
100 - ) o nrofrays 2997
~.7,# shown here 2984
sy ’; current .0465 A
60 - : L2 within 0464 A
o f’ P
.-;,/t";»/../'
o'&;’:v""/‘f::. '
20 - 7 ',f/ )/
S
'20 m ',"’."./' . .,/"4’
g .,-'/::‘j’{’
AL
60 - S |
LSS
100 ‘ —
-50 -30 -10 10 30 50 mm

0.480 m
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relax and drift

KOBRAS3-INP y emittance at 0.490 m

mrad
nr of rays 2971
100 - : Vo Y
,f, shown here 2960
E) . "”
. ;.:,.f'/;.' current .0460 A
.« o "',’ iy -
60 - . L within .0459 A
o‘ (r"f. "’ .
& Fof 4
o
a"‘ tf’ "i' ¥ ’
20 e
/. fc» & v"
L
T ";‘37 y"‘:‘{?ﬂ
B 2 O | ’ ,‘7 ‘Ki”’{"
Y-
.»‘;f’.v"'y“t “
& § J” o
s
-60 ] . ; FAE 4
Ry
...o” "’:". .t
'100 ". J" T T T T T T T ]

-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRAS3-INP y emittance at 0.500 m
mrad
100 - ) L nr of rays 2934
- :7»shown here 2928
LA curent 0454 A
60 V.- within 0454 A
20 -
20 -
-60 i
_100 [ ..:T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRA3-INP y emittance at 0.510 m
mrad
100 - - . nr of rays 2901
. &+, shown here 2899
f»" current 0448 A
0 1 i Y within 0448 A
20 -
20 -
60 e
-100 - ‘ ‘ ‘ \ \ ‘ \ ‘ 1
-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRAS3-INP y emittance at 0.520 m
mrad
100 - ) nrofrays 2829
" '.. shown here 2816
ik current 0437 A
60 - - e within 0435 A
20 -
20 -
-60 ,
_100 :- ..‘ T T T T T T T 1

-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at

0.530 m

nr of rays 1664
shown here 1506
current 0247 A
within 0221 A

-50

-30

50 mm
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be aware: acceleration

KOBRAS3-INP y emittance at 0.540 m
mrad
100 - . ) nr of rays 1664
';..{.: shown here 1424
i 'd‘.'..' i
% cgrrgnt 0247 A
60 - W within .0209 A
23
20 - ‘%ﬁ
'f&!ﬁ.’.
20 - -
60 - S
S
'100 T T T T T ..}3‘ T T 1
-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRAS3-INP y emittance at 0.550 m
mrad
100 - ) nr of rays 1664
‘“(“ shown here 1438
3 current 0247 A
60 - - within 0211 A
%@.
20 - i
5
-20 - 7%’;.’
%
-60 b b ":':'“%;
-100 ‘ ‘ e ‘
-50 -30 -10 10 30 50 mm

56



be aware: acceleration

KOBRAS3-INP y emittance at 0.560 m
mrad
100 - ) ) nr of rays 1664
ER shown here 1476
"gsé 1 current 0247 A
| . i
60 "’;%3. within .0217 A
20 - e
-20 i ,:}’;;:n‘
RE
5
60 - O
'100 T T T ."'* T 1
-50 -30 -10 10 30 50 mm

18.06.2005
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be aware: acceleration

KOBRAS3-INP y emittance at 0.570 m
mrad
100 - o ) nr of rays 1664
& shown here 1543
T, current 0247 A
60 - *3% . within 0226 A
%
T,
20 - .;:g,
R <Y
20 Ik
3o,
60 - -
113
R
_100 T T T T T 'cT T T 1
-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRAS3-INP y emittance at 0.580 m
mrad
100 - N ) nr of rays 1664
e shown here 1650
current 0247 A
60 - within .0245 A
20 -
20 f"_
i
: ;t"'\.‘.'
60 - 1
'100 T T T T T “: T T 1
-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRAS3-INP y emittance at 0.590 m
mrad
100 - ) nr of rays 1664
shown here 1664
A current 0247 A
60 - g within 0247 A
20 -
20 A
-60 4
'100 T T T T T T T T !
-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRAS3-INP y emittance at 0.600 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - within .0247 A
20 -
20 A
-60 - . 3
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 0.610 m

nr of rays 1664
shown here 1664

-30

-10

current 0247 A
within .0247 A
.:*a‘.::t'
: '-?i'f‘-.
10 30 50 mm
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be aware: acceleration

KOBRAS3-INP y emittance at 0.620 m
mrad
100 - ) nr of rays 1664
shown here 1664
current 0247 A
60 - : . within .0247 A
20 -
20 A
60 - . :
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRAS3-INP y emittance at 0.630 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - _ g within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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be aware: acceleration

KOBRAS3-INP y emittance at 0.640 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - : g within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.650 m
mrad
100 - ) nr of rays 1664
shown here 1664
current 0247 A
60 - . . within .0247 A
20 -
20 A
60 - ] ’
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.660 m
mrad
100 - ) nr of rays 1664
shown here 1664
current 0247 A
60 - . . within .0247 A
20 -
20 - i
60 | ] )
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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relax and drift

KOBRAS3-INP y emittance at 0.710 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - . g within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



relax and drift

KOBRAS3-INP y emittance at 0.760 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - . within .0247 A
20 -
-20 !
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



relax and drift

KOBRAS3-INP y emittance at 0.810 m

mrad
nr of rays 1664

100
shown here 1664
current 0247 A
60 within .0247 A
20
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005
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relax and drift

KOBRAS3-INP y emittance at 0.860 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - o within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

71
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relax and drift

KOBRAS3-INP y emittance at 0.910 m
mrad
100 - ) nr of rays 1664
shown here 1664
current 0247 A
60 - 2 within .0247 A
20 -
20 - R
60 1
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

72



relax and drift

KOBRAS3-INP y emittance at 0.960 m

mrad
nr of rays 1664

100
shown here 1664
current 0247 A

60 within .0247 A

20

20 A

_60 _

-100 : : : | : : : ‘

-50 -30 -10 10 30 50 mm

18.06.2005



relax and drift

KOBRAS3-INP y emittance at 1.010 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - 1. within .0247 A
20 -
20 A
_60 _
-100 : : | : ‘
-50 -30 -10 10 30 50 mm

18.06.2005
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relax and drift

KOBRAS3-INP

mrad
100

60 -

y emittance at 1.060 m

nr of rays 1664
shown here 1664

-100 ‘ ‘
-50 -30

10

30

current 0247 A
within .0247 A
50 mm

75
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relax and drift

KOBRAS3-INP

mrad
100

60 -

y emittance at 1.110 m

nr of rays 1664
shown here 1664

-100 ‘ ‘
-50 -30

-10

10

30

current 0247 A
within .0247 A
50 mm

76



relax and drift

KOBRAS3-INP y emittance at 1.16 m

mrad
nr of rays 1664

100
shown here 1664
current 0247 A

60 within .0247 A

20

20 A

_60 _

-100 : : : | : : : ‘

-50 -30 -10 10 30 50 mm

18.06.2005



relax and drift

KOBRAS3-INP y emittance at 1.210 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g . within .0247 A
20 -
20 A
-60 4 T
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



relax and drift

KOBRAS3-INP y emittance at 1.260 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g . within .0247 A
20 -
20 - 2
-60 4 i ]
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



relax and drift

KOBRAS3-INP y emittance at 1.310 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g . within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



relax and drift

KOBRAS3-INP y emittance at 1.360 m
mrad

100 - ) nr of rays 1664
shown here 1664
current .0247 A

60 - g . within .0247 A

20 - ]

20 A

-60 4 ) ]

'100 T T T T T T T T 1

-50 -30 -10 10 30 50 mm

18.06.2005



relax and drift

KOBRAS3-INP y emittance at 1.410 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g ) within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



guadrupole ahead

KOBRAS3-INP y emittance at 1.420 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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guadrupole ahead

KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at

1.430 m

nr of rays 1664
shown here 1664
current 0247 A
within .0247 A

-50

-30

-10

10

30

50 mm

84



guadrupole ahead

KOBRAS3-INP y emittance at 1.440 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



guadrupole ahead

KOBRAS3-INP y emittance at 1.450 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
5"‘3.:'
20 -

60 - 4

_100 T T T T T T T T !
-50 -30 -10 10 30 50 mm

18.06.2005



guadrupole ahead

KOBRAS3-INP y emittance at 1.460 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005
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guadrupole ahead

KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.470 m

nr of rays 1664
shown here 1664

-50

-30

-10

10

30

current 0247 A
within .0247 A
50 mm

88



guadrupole ahead

KOBRAS3-INP y emittance at 1.480 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 -
-20 )
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



guadrupole ahead

KOBRAS3-INP y emittance at 1.490 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 -
-20 .
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



guadrupole ahead

KOBRAS3-INP y emittance at 1.500 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



guadrupole ahead

KOBRAS3-INP y emittance at 1.510 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 -
20 - F
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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guadrupole ahead

KOBRAS3-INP

y emittance at 1.520 m
mrad

100 - nr of rays 1664
shown here 1664
current 0247 A

60 within .0247 A

20

-20

_60 _

'100 T T T T T 1

-50 -30 -10 10 30 50 mm
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guadrupole ahead

KOBRAS3-INP

y emittance at 1.530 m
mrad
100 - nr of rays 1664
shown here 1664
current 0247 A
60 - within .0247 A
20 -
20 - s
_60 _
'100 T T T T T 1
-50 -30 -10 10 30 50 mm

94



guadrupole ahead

KOBRAS3-INP y emittance at 1.540 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 - .
20 -
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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guadrupole ahead

KOBRAS3-INP y emittance at 1.550 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 -
20 | o
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



guadrupole ahead

KOBRAS3-INP y emittance at 1.560 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



guadrupole ahead

KOBRAS3-INP y emittance at 1.570 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 -
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



guadrupole ahead

KOBRAS3-INP y emittance at 1.580 m
mrad
100 - ) nr of rays 1664
shown here 1664
current 0247 A
60 - . within .0247 A
20 - iR
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm

18.06.2005



guadrupole ahead

KOBRAS3-INP y emittance at 1.590 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 ‘
-20
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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guadrupole ahead

KOBRAS3-INP y emittance at 1.600 m
mrad
100 - ) nr of rays 1664
shown here 1664
current .0247 A
60 - g within .0247 A
20 - .
20 A
-60 | 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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guadrupole ahead

KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.610 m

nr of rays 1664
shown here 1664

-50

-30

-10

10

30

current 0247 A
within .0247 A
50 mm
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KOBRAS3-INP

mrad
100

60 -

20

y emittance at

1.620 m

nr of rays 1663
shown here 1663
current 0247 A
within .0247 A

-100

-30

-10

10

30

50 mm

103
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.630 m

nr of rays 1663
shown here 1663

-50

-30

-10

10

30

current 0247 A
within .0247 A
50 mm

104
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KOBRAS3-INP

mrad

100

60

20

-60

-100

s 8
.

y emittance at

1.640 m

nr of rays 1660
shown here 1660
current .0246 A
within .0246 A

-50

-30

-10

10

30

50 mm
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KOBRAS3-INP

mrad

100

-100

y emittance at 1.650 m

nr of rays 1660
shown here 1660

-50

-30

-10

10

30

current .0246 A
within .0246 A
50 mm
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.660 m

nr of rays 1659
shown here 1659

-50

-30

-10

10

30

current .0246 A
within .0246 A
50 mm

107



18.06.2005

KOBRAS3-INP

mrad
100

60 -

20

y emittance at

1.670 m

nr of rays 1659
shown here 1659
current .0246 A
within .0246 A

-100

-30

-10

10

30

50 mm

108
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KOBRAS3-INP

mrad
100

60 -

%
A A e
£ o

L) " o
.o '.." & ot 10 00
: '.._“,"-.!l't.:f.!'.‘i pee 4 Y
e

y emittance at

1.680 m

-100

-30

-10

10

30

nr of rays 1657

shown here 1657

current .0246 A

within .0246 A
50 mm

109
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KOBRAS3-INP

mrad
100

60 -

y emittance at

1.690 m

nr of rays 1656
shown here 1656
current .0246 A
within .0246 A

-100

-30

-10

10

30

50 mm

110
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.700 m

nr of rays 1654
shown here 1654

-30

-10

10

30

current .0245 A
within .0245 A
50 mm

111
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at

-50

-30

-10

10

30

1.720 m

nr of rays 1653
shown here 1653
current 0245 A
within .0245 A

50 mm

112



KOBRAS3-INP y emittance at 1.720 m

mrad
100 - ) nr of rays 1653
shown here 1653
current .0245 A
60 g within .0245 A
20
20 A
-60 ] 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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KOBRAS3-INP y emittance at 1.730 m

mrad
100 - ) nr of rays 1652
shown here 1652
current .0245 A
60 g within .0245 A
el
20 -
20 A
R
-60 4 - 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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18.06.2005

KOBRAS3-INP y emittance at 1.740 m

mrad
100 - ) nr of rays 1652
shown here 1652
current .0245 A
60 - L within .0245 A
20
20 A
,.J.‘ﬂ‘.“.
-60 L 8
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.750 m

nr of rays 1652
shown here 1652

-50

30

current .0245 A
within .0245 A
50 mm

116
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.760 m

nr of rays 1652
shown here 1652

-50

-10

10

30

current .0245 A
within .0245 A
50 mm

117
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at

1.770 m

nr of rays 1652
shown here 1652
current 0245 A
within .0245 A

-50

30

50 mm

118
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at

1.780 m

nr of rays 1652
shown here 1652
current 0245 A
within .0245 A

-50

30

50 mm

119
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KOBRAS3-INP y emittance at 1.790 m

mrad
100 - ) nrofrays 1652
shown here 1647
,:;‘::" current .0245 A
60 . et within 0244 A
AT
._:.gs:a.'
20 -
20 -
-60 - . 1
-100 — —
-50 -30 -10 10 30 50 mm

120



18.06.2005

KOBRAS3-INP y emittance at 1.800 m

mrad
100 - ) - nrofrays 1652
shown here 1640
' current .0245 A
60 - g within 0243 A
20 -
20 A
-60 ]
'100 T I :: T T T T T T 1
-50 -30 -10 10 30 50 mm

121
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KOBRAS3-INP

mrad
100

60

20

-60

y emittance at

1.810 m

nr of rays 1652
shown here 1621
current 0245 A
within .0240 A

-100
-50

10

30

50 mm

122
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KOBRAS3-INP

mrad
100

60

20

-60

y emittance at 1.820 m

nr of rays 1652
shown here 1612

-100
-50

10

30

current .0245 A
within .0238 A
50 mm

123
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KOBRAS3-INP

mrad
100

A N

y emittance at

1.830 m

nr of rays 1652
shown here 1620
current 0245 A
within .0240 A

-100
-50

-30

10

30

50 mm

124
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.840 m

nr of rays 1652
shown here 1632

-50

-30

10

30

current .0245 A
within .0242 A
50 mm

125
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.850 m

nr of rays 1652
shown here 1639

current .0245 A
within .0243 A
50 mm

126
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.860 m

nr of rays 1652
shown here 1645

current .0245 A
within .0244 A
50 mm

127
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KOBRAS3-INP y emittance at 1.870 m

mrad
100 - ) nr of rays 1652
i shown here 1651
e current .0245 A
60 - - i within 0245 A
20 i
20 -
-60 - 1
'100 . .‘. T T T T T T T !
-50 -30 -10 10 30 50 mm

128
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.880 m

nr of rays 1651
shown here 1651

-50

current .0245 A
within .0245 A
50 mm

129
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KOBRAS3-INP

mrad
100

60 -

y emittance at

1.890 m

nr of rays 1651
shown here 1651

-100
-50

current .0245 A
within .0245 A
50 mm

130
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at

1.900 m

nr of rays 1651
shown here 1651
current 0245 A
within .0245 A

-50

50 mm

131



18.06.2005

KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 1.910 m

nr of rays 1651
shown here 1651

' current .0245 A
within .0245 A
50 mm

132
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KOBRAS3-INP

mrad
100

60 -

y emittance at 1.920 m

nr of rays 1651
shown here 1651

-100

-30

-10

current .0245 A
D within .0245 A
s\:"’:‘ 0'”- ’
.,.ft‘u
&
30 50 mm

133
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KOBRAS3-INP

y emittance at 1.940 m

mrad

100 - ) nr of rays 1649
shown here 1649
current .0245 A

60 g within .0245 A

20

20 A

_60 _

-100 : ‘ ‘ ‘ ‘

-50 -30 -10 10 30 50 mm
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KOBRAS3-INP

mrad
100

60 -

y emittance at

1.950 m

nr of rays 1647
shown here 1647

-100
-50

-30

-10

10

30

current .0244 A
within .0244 A
50 mm

135
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KOBRAS3-INP

mrad
100

60 -

y emittance at

1.960 m

nr of rays 1647
shown here 1647
current 0244 A
within .0244 A

-100

-30

-10

10

30

50 mm

136



KOBRAS3-INP y emittance at 2.010 m

mrad
100 - ) nr of rays 1646
shown here 1646
current .0244 A
60 g within .0244 A
20 .
-20
-60
-100 : ‘ : ‘
-50 -30 -10 10 30 50 mm
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KOBRAS3-INP y emittance at 2.060 m

mrad
100 - ) nr of rays 1646
shown here 1646
current .0244 A
60 g within .0244 A
20 .
20 ]
-60 ] 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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KOBRAS3-INP y emittance at 2.110 m

mrad
100 - ) nr of rays 1646
shown here 1646
current .0244 A
60 g within .0244 A
20 -
-20
-60 ] 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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KOBRAS3-INP y emittance at 2.160 m

mrad
100 - ) nr of rays 1646
shown here 1646
current .0244 A
60 g within .0244 A
20 .
20 ]
-60 ] 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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KOBRAS3-INP y emittance at 2.210m

mrad
100 - ) nr of rays 1646
shown here 1646
current .0244 A
60 g within .0244 A
20 .
20 ]
-60 ] 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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KOBRAS3-INP y emittance at 2.260 m

mrad
100 - ) nr of rays 1644
shown here 1644
current .0244 A
60 g within .0244 A
20 .
20 7
-60 ] 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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KOBRAS3-INP y emittance at 2.310 m

mrad
100 - ) nr of rays 1643
shown here 1643
current .0244 A
60 g within .0244 A
20 .
20 7
-60 ] 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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KOBRAS3-INP y emittance at 2.360 m

mrad
100 - ) nr of rays 1641
shown here 1641
current .0244 A
60 g within .0244 A
20 .
20 &
-60 ] 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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KOBRAS3-INP y emittance at 2.410 m

mrad
100 - ) nr of rays 1638
shown here 1638
current 0243 A
60 g within .0243 A
20 B .. .o'.o . ] ., Q.
20 E
-60 ] 4
'100 T T T T T T T T 1

-50 -30 -10 10 30 50 mm
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KOBRAS3-INP y emittance at 2.460 m

mrad
100 - ) nr of rays 1638
shown here 1638
current 0243 A
60 g within .0243 A
20 N o lae e
20 d
-60 ] 4
'100 T T T T T T T T 1

-50 -30 -10 10 30 50 mm
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KOBRAS3-INP

mrad

100

60

20

-60

-100

y emittance at 2.510 m

nr of rays 1636
shown here 1636

-30

-10

current 0243 A
within .0243 A
10 30 50 mm
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KOBRAS3-INP

mrad
100 -

60 -

20

60 -

-100

y emittance at

-30

-10

10

30

2.560 m

nr of rays 1634
shown here 1634
current 0243 A
within .0243 A

50 mm
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KOBRAS3-INP y emittance at 2.610 m

mrad
100 - ) nr of rays 1634
shown here 1634
current 0243 A
60 g within .0243 A
20 .
20 .
-60 ] 4
'100 T T T T T T T T 1
-50 -30 -10 10 30 50 mm
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« Simulation confirms the experimental data:

o Strong influence of space charge within the
extraction system and strong influence of space
charge In the acceleration column.

* No influence of space charge has been observed
In the drift sections and within the magnetic
lenses.
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Penning lonization Gauge PIG
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Penning lonization Gauge PIG
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BEAM FORMATION
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e
#— @gﬁﬁg{@
T ‘

TWHH

\
‘ i}
‘ q B
%r 8 TFEOTET
=)

18.06.2005 .



Penning lonization Gauge PIG

18.06.2005



BEAM FORMATION

achieved ion currents from the PIG IS at
the entrance of the RFQ with 2.2 keV/u

12C+
160+
1803+
20Ne+
40Ar2+

40Ca3+
50Ti2+

52C r3+
56Fe4+

500 ...
700 ...

1000
1000

700 ...
400 ...

50
30
60

680
890
...1100
...4000
820
570
81
42
72

58Ni3+

121Sb7+

162 Dy7+
187R98+

197Au 8+
207Pb9+
2098i9+

238U10+

400 ...

10
3

100 ...
300 ...
100 ...
200 ...
350 ...

450 pA

12 pA

5 UA
165 pA
410 pA
150 pA
240 pA
400 pA

18.06.2005

161




Penning lonization Gauge PIG
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Penning lonization Gauge PIG

KOBRAS3-INP VERSION 3.39 potential plot RUN 2 10 0 11
Xy plane 51 ,atz= .0182 meter iteration 9
*E L PLOTO11.PS
E-2 ym] potential color table V]
3. // 21168.6
= 0 A
i .
17307.1
2. 13445.7
9584.29
L 5722.86
1861.43
.0 -2000.

6. *E -2 x[m]

INP Wiesbaden (GERMANY)
COMMENT: axial_pig_extraction DATE: 02/07/01 TIME: 07:36
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Penning lonization Gauge PIG

KOBRAS-INP VERSION 3.39 potential plot RUN 2 6 0 6
Xy plane 51 ,atz= .0182  meter iteration 6
: PLOTO008.PS

potential

A

N \
INP Wiesbaden (GERMANY)
COMMENT: axial_pig_extraction DATE: 02/04/01 TIME: 21:21
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lon generators to come

e general

e Electron Cyclotron Resonance lon Source ECRIS
e Laser lon Source LIS

e Liquid Metal lon Source LMIS

e Electron Beam lon Source EBIS

e H source

* MUCIS 10N source

* Mevva Ion source

165
18.06.2005



	USEFUL EQUATIONS
	USEFUL EQUATIONS
	Beam Formation: Electrons
	BEAM FORMATION
	BEAM FORMATION
	BEAM FORMATION
	BEAM FORMATION
	BEAM FORMATION
	BEAM FORMATION
	BEAM FORMATION
	BEAM FORMATION
	BEAM FORMATION
	BEAM FORMATION
	Ion generators
	GENERAL
	BEAM FORMATION
	Beamline
	Multi Cusp Ion Source MUCIS
	Multi Cusp Ion Source MUCIS
	achieved ion currents from MUCIS�at the entrance of the RFQ with 2.2 keV/u
	Metal Vapor Vacuum Arc Ion Source�MEVVA
	MEVVA IV
	MEVVA IV
	charge state distribution
	MEVVA IV
	MEVVA IV
	long time stability
	Simulation of the ion beam along the beam line
	Simulation along the beam line
	Penning Ionization Gauge PIG
	Penning Ionization Gauge PIG
	Penning Ionization Gauge PIG
	Penning Ionization Gauge PIG
	Penning Ionization Gauge PIG
	Penning Ionization Gauge PIG
	BEAM FORMATION
	Penning Ionization Gauge PIG
	Penning Ionization Gauge PIG
	achieved ion currents from the PIG IS at the entrance of the RFQ with 2.2 keV/u
	Penning Ionization Gauge PIG
	Penning Ionization Gauge PIG
	Penning Ionization Gauge PIG
	Ion generators to come

