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=1l Terminals and LEBT FAIR

MEVVA, ...

g, oo injector NORD injector SUD
=== Extraction Voltage: up to 35 kV up to 25 kV

I {acc), BT 1

I[Fc‘_l:Faradaycupcl.!rrem POST ACCCICI"GTIOI’\: UP 1-0 130 kv
SR e el ]

Erte e Pulse Length: O.1ms + 6 ms up to 5 ms
BT 2 BM: Bepdingmagnet L.
28 DE: Diagnostc box Repetition Rate: up to 5 Hz up to 50 Hz

Design-Ion: 2384+, 130X g2+

MAX Resolution: Pb-isotops are resolved
BT4 pe
RFQ =

RFQ requirements

Specific Energy: 2.2 keV/u

MAX Mass to Charge (A/C): 65

Space-charge limit RFQ:  0.25 x A/ { [mA]
Acceptance RFQ: €x,y=138n mm-mrad
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=1l Types of High Current lon Sources FAIR

[High Current Ion Sources]

| |

[Filamem‘ driven] ! [Vacuum Arc dr-ivenj ! [High Duty fac‘ror']
: coil 2 coil 1 solenoid : .
I 1 _H e —
| ot [ : , T Tbs g
P | ©] )
! ja wio oo % ]
I trigger ] - |
| | ol |
I I o3
! XX !
: :
| |

MUCIS, MUCIS New, | MEVVA, VARIS | PIG
CHORDIS : :

| |

Working material: ! !

Gases : Metalls and Gases : Metalls and Gases

| |
| |
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=1L FAIR

Filament driven Ion Sources

MUCIS New

CHORDIS
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=1l Filament driven Sources FAIR

Operation principle (ion production)

Plasma Generator — Extraction
- (0= System
\Z/
Filament
(cathode)
\ Extracted
Tr, > 2000 K lon Beam
\ ®
3
@
&
.o : o 0 Plasma
UGnd =

Gas inlet
Ug., = -(1.5+2) kV

Ug = +(15+25) KV

Anode

K. Volk
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lon Extraction FAIR

Child-Langmuir Law:

R LS S PR S Ay g
CL 9 0 m \/a d d
4 284’ 2 3/2
ICL_§7Z' €o S Ugy
m

Plasma electrode Screening Ground

IGUN-5.002(C)R.Becker, RUN 08/17/99*002, file=h8a.in

100 %

H\H\‘
|
| |

.

7 X
- lon
‘trajectories

i
Il mﬂf

0 20 40 60 80 100 120 140 160 180 200 220
d
Plasma - -
meniscus
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==L Extraction System FAIR

Triode Extraction Systems:

1 hole 7 holes 13 holes 19 holes
g 4-8 mm o 4-6 mm g 3 mm g 2+3 mm

08 3 313

Plasma - Screening 0173
distance: r=3 mm 2
Aspect Ratio: S=0.5 : )
MAX Ext. Voltage: 35 kV °
Emission Area: 92 mm?
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=1l 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? (Argon)
Cathode (2x) SmCo magnets
Extraction
electrode
&
[ N
,,,,,,,, . S
SmCo magnets —— E 3§ ‘ §
Gas inlet —— e Qf ' A\ k
‘ Insulators
LTI Anode Scr. and Gr. electrodes
R. Ke”er Reflector electrode
‘ == 1
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=1l Filament driven Sources FAIR

MUCIS New

» Bigger Plasma chamber

» Improved Cooling (I .. = 200A) 1 - Gasinlet

2 - Cooling system

» Symmetrical Magnet alignment at the ends 3 - Cathode flange

4 - Filament
» Halbach-alignment of the Magnets 5 - Magnets
6 - Anode
» Optimized for highly-charged ions 7 - PE flange

8 - Triode system

(Kr2", Xe?) -
— =5 1L
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=1l Filament driven Sources FAIR

CHORDIS (Cold or Hot Reflex Discharge Ion Source)
-

Extraction
- electrode

» Smaller Plasma chamber
» 20 SmCo-Magnets (2 Tesla)

» Plasma-Electrode at the Cathode potential

» Optimized for singly-charged ions Sl /| T Insulators
electrode 1/ Scr. and Gr. 5
| Anode electrodes cm
P i }_'_‘_'_’_'
R. Keller Gasinlet ~ Cathode
I 1L
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el FAIR

Vacuum Arc driven Ion Sources
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Cathode: Ti
I,.=1000 A

Vacuum Arc driven Sources

g Q

G| Betriehsworkshop”

FAIR

R. Hollinger

ions - _ trigger plasma

gerring— —

isolator — "!\ ___— cathode

10 mm “glowing isolator




= | 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 \

Insulators
Scr. and Gr. electrodes
17 Cathodes .
Grid 2 o
Insulators Grid 1
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=== Vacuum Arc driven Sources FAIR

VARIS (Vacuum Arc Ion Source)
» Optimized for Uranium (67% of 238U4*)

» NO water cooling necessary

s 170 mA/cm?; 156 mA @ 32 kV
55 mA @ 131 kV

16 mA in front of the RFQ
8 mA behind the RFQ
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Vacuum Arc driven Sources
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FAIR

igh Duty Factor Ton Source

H
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Penning lon Source

Operation principle

— Heizfaden

i,

T A —
. |? 0
T B =2z Z Kathode
|| . %// W
o | Anode
) I
:EE‘I < Sputter
) | Elektrode
2] TR
o IF 70
1 g :% Extraction
System
£ ~ — Y \\\§R
\ ) ) J\ Antikathode

A. Bloch-Spath

e————— .

FAIR

A A
leunigung : : . : :
:htung : vor der : Austritt aus :
kathode : Antikathode . der Anode :

Austritt aus Beschleunigung vor der
der Anode Richtung Kathode Kathode

|l cistagen = 65 + 75 A
Ugescn, = 500 + 800 V
Upyiser = 1200 + 2500 V
Usputter = 400 + 1800 V
Ug,, up to 23 kV

OIVIVIVN
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=1L Penning lon Source FAIR

G (Penning Ionization Gauge)

» 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+

»GSI Betriebsworkshop”
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===II Betrieb und Problemlésung FAIR

filamentbetriebene Volumen-Quelle

Plasmagenerator — BalEkdler
) System
Y
Heizfaden
(Kathode) Extrahiert
Ny lonenstrahl
Te, > 2000 K
\ ®
=
@
% Plasma
UGnd =

Gas-Einlass
Ug, = -(1.5+2) kV

Ug = +(15+25) KV
==

Anode
K. Volk
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Help I Programmende I

93 | a5 uo? | Ut | Opﬁgﬁ';'g |
T SED_2010 0615 G5 THE TN UL-TKG UL-TKU info | I—IB“dschimmw
Geleistete Arbeit = 113.14 MJ
Siid Hord HLI
id | ord | | Pulse = 2.06E+06  Entladewider. = 0.25 Ohm
‘ UD7 UHILAC 40AR 1+  Quellentiming: angefordert 2.00 Hz, 1.00 ms, 5.00 ms VYorauf B-Feld  ( Chordis 2 19-AUG-201015:05) UL - TKG |
Gasventil (UL31Q1G) | Reser| put | Extraktion (UL31Q1E) | Beser| pur | Gap (UL31Q1MG) Auf | Terminal-HY (UL31Q1H) | Reser| put |
Status| i | Status|| HV Ein | Status|| Rechnersteuerung - status|| HV Ein |Beta-.002r7 a0
P-Einlass { 8.51 Pa) 332V 17991 V 40.83 mm —I 2.200 keV/n 69910 V —|
1 1 1 1 + | 1 1 1 1 * | 1 + | 1 1 1 1 + |
P-Quelle (UL3VVOT)  1.180E-03 Pa | 100.1 mA | | 94.96 mA |
1 1 1 _ II L L 1 _ _ 1 I 1 1 1 _
P-BRohr (UL3VVIT)  2.721E-04 Pa
n L L L Schirm 1 (UL31Q1S) | Beser| pur | Schirm 2 (UL31Q2S) | Reser| put |
Status|| Anlage Ein status|| Anlage Ein
Bogenng. (UL3ICIE Ah Ab
genng. ( ) | meser] Auf | 1693V | 3195V 62 |
Status | Abw . Sollilst »27.5Y ah | —] . . . + | —, . ' ' * |
1445V 0.031 mA | 0.010 mA |
1 I 1 1 > | L L L 1 _ 1 1 1 1 _
0.002 A
1 1 1 1 _I Riintgenpegel (UL4IX1)
L.003E-02 ct/S
L L 1 L 1 L
| UHall | 560 V
Filament (UL3ICIK) | Beser| pur |
Status|| Ein w | UL4DT4 100 mA
7875V
1 1 1 1 * |
| 1942 A h
L L | L 1
Powerrack (UL3/@1P)||  Powerrack Ein L
FC (UL30CH / Ventit (UL3VVOT)| FC Aus
Auto Extraktion ein !
1 1 1 | |
VFahr langsam Referenzwerte Uberwachung eingeblendet 1] 30 Min




===II Betrieb und Problemlésung FAIR

Vakuumbogenentladungs-Quelle

Zindpulse
Up =+12 000 V Spule al Spule 2?2

Kathode \>< >< M
(gewinschte Metal)

U=0 \ E//g/////x//ffff

\.\‘ Anode Zum Extraktion
? U, = +(100+200) V System

HX

Triggerfinger v
e

/

Isolator

Triggerring
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we | e v Opcrati | by | Progranunencs
HRETE IS TH UL-TKU UL-TKU —
[ 25-mMav-2010 22:06] Info | | Blldschlrmcupyl

Geleistete Arbeit = 26.72 MJ
Pulse = 4.30E+053  Entladewider. = 0.25 Ohm

sud | Nord | HLI | PIG-Test|  EIS-Test|  Hosti-Test|

‘ U1z  UNILAC 238U 4+  Quellentiming: angefordert 1.00 Hz, 0.50 ms, 5.00 ms Vordauf B-Feld ( Varis U1 23-MAY-201008:24) UL - TKU

Gasventil (UL31Q1G) | Reser| aur | Extraktion (UL31Q1E) | Beser] pur | Gap (UL31QGM) Auf | Terminal-HV (UL3IQTH) | Aeser] Aur |
Status || b sram” HV Ein b sram” Rechnersteuerung b sram” HY Ein |Bera=.002r? a5
P-Einlass ( 0.00 Pa) -10.00 ¥ —I 27145 V : 52.81 mm —l 2.201 keVir 103835 vV —I
+ + + +
P—Quellle I:ULS\:’VDT] I 9.305]:3—06 Pa _I I I I llliﬁ.l ma | I I I I _ll I I I 23.00 mA _Il
1 1 1 1 - él 1 1 L - _ L L L L -
P-BRohr (UL3VVIT)  2.719E-05 Pa
L L L L Schirm 1 (UL31Q1S) | eser] pur | Schitm 2 (UL31Q2S) | Reser| put |
Anlage Ei Anlage Ei
Bogenng. (UL3ICIE) | Reser| aut | ] = TR e | St e 3LV il
Status | Abw . Sollilst »27.5Y ah | — . . . + | —, . ' . * |
1848V 0.031 mA 0.011 mA
1 * 1 1 |D 004 A > | L L L 1 _ | 1 1 1 1 ;l
: : : : ;l Riinigenpegel (UL4IX1)
_ LO03E-02 ct/S
Magnetfeld | (UL3IM1B) | Reser| auf | Ziindgenerator (ULSIMIT) | Beser] pur | T 020
Status| Ein || |5t Ein w |
3877V =1 U(Prim) 4484 V 12369 V [ uhan | 839 V
1 | 1 1 1 + | 1 1 1 1 * |
0.003 A I(Prim) 00A 0.000 A
1 1 1 1 _ | L L L 1 _ |
Magnetfeld Il (ULSIMIK) | Reser| auf |
Status || Abv.SollfIst > 7.5V " _ UL4DT4 50 ma
PV —l
ﬁ 1 1 1 > |
0.005 A -
1 1 1 1 ;l
Fowerrack (ULS'.-'QTP}I Kiihlanlage Aus -
FC (UL3DCE) / Ventil (UL3VVoT)| FC Aus
Kathode (UL3IMTKD))| Nr. 4 =
1 1 1 1 1 1
VFahr mittel Referenzwerte Uberwachung eingeblendet 0 30 Min




===II Betrieb und Problemlésung FAIR

PIG Quelle

| I |
g |L/L/J| Heizfaden
| |

Beschleunigungs-
spannung

Kathode

Bogenspannung

Extraktionsschlitz

Sputtermaterial

. IHeizfaden =65+ 75A
, | o Ug..r =500+ 800V
| sosemess o Upypeer = 1200 + 2500 V
| v
Extraktionsspannung I | . USputter =400 = 1800V
|
[ . Antikathode s Ug,, upto 23 kV
A. Bloch-Spaéth v Y Y v
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Help |

Programmende |

Inj. Betrieb Operating
' o e et | |
| 30-AUG-Z011 06:42 Info | Bildschirmcopy
sid | Hord | HLI |
‘ U03 UNILAC 50TI 2+  Quellentiming: periodisch 50.00 Hz, 5.00 ms, 0.20 ms Vorauf  ({ Sputter3 26-AUG-201120:25) UR - UX8
Kathodenheizung (UR3IP1K) Ae— Quellenmagnet (UR3IM1) . Extraktion (UR3IQ1E) Ae- Hochspannung (UR3IQ1H) fe—
') i ')
Status || Regelung Ein b Status)| Ein status| HV Ein ki status|| HV Ein Beta-.00217 |-
3025V + 1561 A| - 16388 V|| + 2.199 keViy 364 V| +
1 I 1 1 1 L L L 1 1 1 1 1 1 | 1 1 1
7025 A _ 20.56 mA | _ 0157 mA | _
1 1 1 1 1 I 1 1 1 1 1 1 1 1
Beschleuniger (UR3IP18) Ae- Gasventil (UR3IQ1G) Re- Schirm 2 (UR31QZ3) Re-
- et st - et
Siams" Regelung Ein Sfam” Siams” Anlage Ein
492V| + P-Einlass { 60.25 Pa) 5184 V| + -19.53 V| +
1 I 1 1 1 1 1 1 1 1 1 1
0798 A _ P-Quelle (UR3VVDOT)  3.719E-04 Pa| _ 0.034 mA | _
1 I 1 1 L L L 1 1 1 1 1
Hauptnetzgerit (UR3IP1E) Re- Sputter (UR3IP13) Re- Gap (UR3IQIMG) . Rantgenpegel (URAIX1)
set : set
Status || Abw . Sollilst > 150V status)| Regelung Ein status | Rechnersteuerung 0.000E+00 ct/S
2522V + 17?1 V| + \ 6280 mm | - L L 1 L 1 L
1 1 1 1 1 1 1 ! 1 1 3 1 1
“0002A| _ 0068 A| _ | uhan | 350 v
Schinmgitter (UR3IP1G) Re- Elektrode redli (UR3IF1X) .
7
Status| Regelung Ein > Status |
W3OV =+ ; -0.191 yam | - 280 pA URSDTE 50 pa
1 1 1 1 1 1 1 1 1 L
0.016 A| _
-I 1 1 1 1 Elektrode vorfmick (UR3IP1X) " -
- sram”
Pulser MHetzgerat (UR3IF1P) Re—-
sel 4.2mm| -
Status| Ein . — . -
WWWW
Sollwert \ 1425V| +
1 1 1 1 1
-20.00 A| _ N
L L L L
Powerrack (UR3/QTR)||  Powerrack Ein B
FC (URIDC4) / Ventil (URIVVOT| FC Aus
| | | 1 | | | | |
VFahr mittel Referenzwerte Uberwachung eingeblendet 1] 10 Min




==L \erbesserungen FAIR

» IQ-Programm

» reagiert verzogert...

» Terminal Siid
» Intergrale geleistete ,Quellenarbeit™ (in Bearbeitung)
» Strahlrohr kontaminationsfrei
» Olfreie Vorpumpe

» 5 von 6 Sputterquellen neu aufgebaut

» Terminal Nord
» Autom. Beliiftung

» Bogenstrom und Spulenstrom werden digital angezeigt

»GSI Betriebsworkshop”
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= MEVVA, ...
i, |(FC)DB

===t DC post acceleration

I {acc), BT 1

I (FC): Faraday cup current
QT | (acec): Beam current in BT1 at 2.2keViu
BT: Beam transformer
QT: Quadrupole triplet
QD: Quadrupole duplet
BT 2 BM: Bending magnet
DB SM: Switcher magnet
DB: Diagnostic box

Diagnostik in LEBT FAIR

injector NORD injector SUD

Extraction Voltage: up to 35 kV up to 25 kV
Post Acceleration: up to 130 kV

Pulse Length: 0.1 ms + 6ms up to 5 ms
Repetition Rate: up to 5 Hz up to 50 Hz
Design-TIon: 2384+, 130X g2+

MAX Resolution: Pb-isotops are resolved

RFQ requirements

Specific Energy: 2.2 keV/u

MAX Mass to Charge (A/C): 65

Space-charge limit RFQ: 0.25 x A/ § [mA]

Acceptance RFQ: €x,y=138n mm-mrad
== 1L
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Diagnostik in LEBT

$1$DGA320:[OPER.EXE.AXPIPROFIL.EXE; 81

‘ Profilgitter (oo | ULSDG7 LU10 238U3° 11.424 MeV/u |[Int]| 1con |programm ENDE
31. Jul 10 23:10:4B“Helduﬂ98ﬂ‘ ‘ ULSDBE  U10 *%%u3e 11.424 HeV/u HSP‘ DeFaultH mafstablich
[ ULSDGS  U10 23%8u3° 11.424 MeU/u  [copy

5 249 X | 5500 UL5DG?

S 2.2 Sa <611

b 9.5m b 174 [ ace |a[+][1o][f]
500 A [+ 2

manuellHMessung
mafstablich
chne Drahtpos

23:10:46.41 ||x + y

00:00:05.26

‘Referenz”

S0 2.0% ULSDGE
Sa 2.3
Sl [

‘manuellHMessung|
mafstablich
chne Drahtpos
[23:10:50.47 [x + y|
[00:00:00.76 (500 ns|

‘Referenz‘| 3 |

ULSDGS
“hcc A [F oI
_ ta ([ 1)
manuellHMessung

mapstdblich

ohne Drahtpos
23:10:48.47
00:00:03.32

‘Referenz”




Diagnostik in LEBT

$1$DGA320:[OPER.EXE.AXPIPROFIL.EXE;B6

‘ Profilgitter

ul
Use

‘DE.Sep 11

0:31:35HmmW¢n

| URSDG?

50TI12

uo3

6.120 HeU/u [Tnt|

[ URSDG6

uo3

50TI12

6.120 HeV/u [SP]

| UR4DGS

uo3 S0TI!é

6.120 MeU/u [copy

ICON

Programm ENDE

DeFault“maBstéblich

Sn 24.97
fa 24.91
402

X

S -2.99
Sa -1.92
& 2.40%

[¥]

URSDG?
[(Ace J@]E[ 3]E]
[ 2 un][+]FSI[]

manuellHMessung
maBstdblich

| ohne Drahtpos

00:31:43.65

00:00:01.14

|ReferenzH

x + y
500 us
154 |

URSDGE
[ Acc J[A][#][ 3][F]
20 un [+ 6]
|manuellHMessung|

mafstablich
ohne Drahtpos
[00:31:43.97 [x + y]
[00:00:01.18/[S00 ps]|
154 |

|ReferenzH

UR4DGS

[ ace [[A][+][ 3][]
10 wA [[+][ 7]-]
manuellHMessung
mapstablich |
chne Drahtpos |
00:31:43.81
00:00:01.16

|ReferenzH

x + y
500 us
148 |




Diagnostik in LEBT

$1$DGA320:[OPER.EXE.AXPIPROFIL.EXE;B6

ul
Profilgitt
‘ rofilgitter USE

8:25:32“th¢n

‘BD.Hai 11

| URSDG?

o3

50TIlZ

4.700 HeU/u  [Tnt|

[ URSDG6

uo3

SOTIIZ

4.700 HeV/u [SP]

| UR4DGS

uo3 s0TIté

4.700 MeU/u [copy

ICON

Programm ENDE

DeFault“maBstéblich

Sn 247
fa 148
4 -28.95%

X

Sn 0.28
Sa 0.19
[

[¥]

| URSDG7 |
[ Acc Jlal[+][ 3][-]
[ 500 na [[+][11][-]
manuellHMessung
mapstdblich
ohne Drahtpos
08:26:39.24||x + y
00:00:00.68||500 pus
‘Referenz” 11 |

URSDGE
[ Acc |[A][#][ 3][F]
2 un [f][8][]
‘manuellHMessung|
mafstablich
ohne Drahtpos
[08:26:40.04 [x + y|
[00:00:00.20 [S500 ps|
1z |

‘Referenz”

Sn 3.98
Sa 450
4 -13.9%

UR4DGS

[ Ace [[pI[F][3][]
5 uA [+]] 8]

manuellHMessung
mapstablich |
chne Drahtpos |
08:26:39.64
00:00:00.91

‘Referenz”

x + y
500 ps
1z |




=1L Rufbereitschaften FAIR
B ol <SRN ., ATt NGRS T — 1SN el

HSI Quellenoperating (SO): Adonin, Berezov, Heymach, Hollinger

HLT Quellenoperating (LO): Lang, Mader, Maimone, Tinschert

Quellenelektronik (QE): Gutermuth, Patchakui, Rossbach, Schaffer P.

Quellenservice Nord (QN): Ochs, Schadffer S., Vierheller

Quellenservice Sid (QS): Briihl, Wesp, Schaffer S., Zulauf

»GSI Betriebsworkshop”



=1L Rufbereitschaften FAIR
B ol <SRN ., ATt NGRS T — 1SN el

Grundsadtzlich qilt:

Immer zuerst die RB ,Operating” anrufen
Ausnahme: PIG Quellenservice

HSI Quellenoperating (SO): Fehleranalyse und -behebung z.T. unter Zuhilfenahme von
QE, QS und QN, Filamentwechsel, Gasflaschenwechsel, Wechsel NG, Quellenwechsel, etc.
HLI Quellenoperating (LO): Fehleranalyse und -behebung z.T. unter Zuhilfenahme von
QE, Ofenwechsel, etc.

Quellenelektronik (QE): Unterstiitzung von SO

Quellenservice Nord (QN): Unterstiitzung von SO

Quellenservice Sid (QS): PIG Quellenservice

»GSI Betriebsworkshop”



=1L Am Ende... FAIR

Vielen Dank fir die
Aufmerksamkeit Il

»GSI Betriebsworkshop”
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