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Terminals and LEBT 

„GSI Betriebsworkshop" 

  injector NORD injector SÜD 
Extraction Voltage:  up to 35 kV up to 25 kV 
Post Acceleration:  up to 130 kV 
Pulse Length:  0.1 ms ÷ 6 ms up to 5 ms 
Repetition Rate:  up to 5 Hz up to 50 Hz 
Design-Ion:  238U4+, 130Xe2+ 
MAX Resolution:  Pb-isotops are resolved 
 

RFQ requirements 
Specific Energy:   2.2 keV/u 
MAX Mass to Charge (A/ζ):  65 
Space-charge limit RFQ:  0.25 × A/ ζ [mA] 
Acceptance RFQ:   εx,y=138π mm·mrad 



Types of High Current Ion Sources 

High Current Ion Sources 

Filament driven Vacuum Arc driven 

MUCIS, MUCIS New, 
CHORDIS 

MEVVA, VARIS 

Working material: 
Gases Metalls and Gases 
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High Duty factor 

PIG 

Metalls and Gases 
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Filament driven Ion Sources 

MUCIS 

MUCIS New 

CHORDIS 



Filament driven Sources 

Operation principle (ion production) 

Plasma Generator Extraction 
System 

Anode 

Filament 
(cathode) 

UScr = -(1.5÷2) kV  
UExt = +(15÷25) kV  

UGnd = 0  
Gas inlet 

Extracted 
Ion Beam TFil > 2000 K 
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Ion Extraction 

Low ECD  

Matched Case  

High ECD  

+UExt  -UScr  0 V  

Plasma electrode Screening Ground 
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Extraction  System 

1 hole 
ø 4÷8 mm 

7 holes 
ø 4÷6 mm 

13 holes 
ø 3 mm 

19 holes 
ø 2÷3 mm 

Triode Extraction Systems: 

Plasma - Screening 
distance:       r = 3 mm 
Aspect Ratio:       S = 0.5 

MAX Ext. Voltage:   35 kV 

Emission Area:       92 mm2 
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Filament driven Sources 

MUCIS  (Multi Cusp Ion Source) 
60 SmCo-Magnets (2 Tesla) 
Solenoid:   0.1 T 
6 Filaments:   W / Ta  
Duty Cycle:   5 Hz 
Pulse Length:   1 ms 
Arc Power:   3 kW (Iarc=100A) 
Emission Current Density:  150 mA/cm2 (Argon) 

Cathode (2x) 

Gas inlet 

SmCo magnets 
Extraction 
electrode 

Insulators 
Scr. and Gr. electrodes 

Reflector electrode 
Anode 

SmCo magnets 

R. Keller 
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Filament driven Sources 

MUCIS New 

1 - Gas inlet 
2 - Cooling system 
3 - Cathode flange 
4 - Filament 
5 - Magnets 
6 - Anode 
7 - PE flange 
8 - Triode system 

 

 Bigger Plasma chamber 

 Improved Cooling (Iarc = 200A) 

 Symmetrical Magnet alignment at the ends 

 Halbach-alignment of the Magnets 

 Optimized for highly-charged ions  
  (Kr2+, Xe3+) 
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Filament driven Sources 

CHORDIS  (Cold or Hot Reflex Discharge Ion Source) 

 

 Smaller Plasma chamber 

 20 SmCo-Magnets (2 Tesla) 

 Plasma-Electrode at the Cathode potential 

 Optimized for singly-charged ions 

Insulators SmCo magnets 

Extraction 
electrode 

Reflector 
electrode 

Insulators 

Scr. and Gr. 
electrodes Anode 

Cathode Gas inlet 

5 cm 
R. Keller 
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Vacuum Arc driven Ion Sources 

MEVVA 

VARIS 



Operation principle 

Trigger Pulse: τ ~ 20 μs      U = 12 kV      I = 30 A 

Self Pinching Effect: IArc > 700 A 

Cathode 
(desired Me) 

U = 0 

Anode 
Ua = +(100÷200) V 

Isolator 

Trigger Ring 

Trigger Finger 

Ignition Pulse 
Up = +12 000 V Coil 2 Coil 1 

To Extraction 
System 

Cathode:  Ti 

IArc = 1000 A 

30 μs after Ignition Cathode:  Ti 

IArc = 1000 A 

40 μs after Ignition Cathode:  Ti 

IArc = 1000 A 

50 μs after Ignition Cathode:  Ti 

IArc = 1000 A 

60 μs after Ignition Cathode:  Ti 

IArc = 1000 A 

70 μs after Ignition Cathode:  Ti 

IArc = 1000 A 

80 μs after Ignition Cathode:  Ti 

IArc = 1000 A 

90 μs after Ignition Cathode:  Ti 

IArc = 1000 A 

100 μs after Ignition Cathode:  Ti 

IArc = 1000 A 

20 μs after Swiching OFF Cathode:  Ti 

IArc = 1000 A 

40 μs after Swiching OFF Cathode:  Ti 

IArc = 1000 A 

60 μs after Swiching OFF Cathode:  Ti 

IArc = 1000 A 

100 μs after Swiching OFF 

Vacuum Arc driven Sources 

R. Hollinger 
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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/cm2) 
Arc Current:  ~1 kA 
Duty Cycle:   typical 1 Hz, 1 ms 
Working Material:  ductile Metalls 
Life time:  ~1 Week (Uranium) 

Insulators 
Coil 

Grid 1 

Insulators 
      Scr. and Gr. electrodes 

Anode 

17 Cathodes 
Grid 2 5 cm Insulators 

Extraction electrode 

Trigger 

I. Brown 

Vacuum Arc driven Sources 
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VARIS  (Vacuum Arc Ion Source) 

1-Cathode 
2-Trigger 
3-Cathode 
4-Anode 
5-Coil I 
6-Coil II 
7-Plasma-Electrode 
8-Screening-Elect. 
9-Ground-Elect. 
10-Grid 
11-Isolator 
12-Coil III 

 

  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 

Vacuum Arc driven Sources 
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VARIS after 1 week of operation… 

Vacuum Arc driven Sources 
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High Duty Factor Ion Source 

PIG 



Penning Ion Source 

Operation principle 

A. Bloch-Späth 
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  IHeizfaden = 65 ÷ 75 A 

  UBesch. = 500 ÷ 800 V 

  UPulser = 1200 ÷ 2500 V 

  USputter = 400 ÷ 1800 V 

  UExr. up to 23 kV 

Heizfaden 

Kathode 

Antikathode 

Sputter 
Elektrode 

Anode 

Extraction 
System 



Penning Ion Source 
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PIG  (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/cm2  

 Charge State: 1+...10+ 

S. Zulauf Heizfaden 

Kathode 

Antikathode 

Srutter 
Elektrode 

Anode 

Extraction 
System 

PIG Magnet 110° 
(Im = 125 A) 

Extraction 
(UExt. = 13.5 kV) 

Ar ion 
trajectories 1+ 

2+ 

4+ 

3+ 
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Betrieb und Problemlösung 

filamentbetriebene Volumen-Quelle 

Plasmagenerator Extraktion 
System 

Anode 

Heizfaden 
(Kathode) 

USch = -(1.5÷2) kV  
UExt = +(15÷25) kV  

UGnd = 0  
Gas-Einlass 

Extrahiert 
Ionenstrahl 

TFil > 2000 K 
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Vakuumbogenentladungs-Quelle 

Kathode 
(gewünschte Metal) 

U = 0 

Anode 
Ua = +(100÷200) V 

Isolator 

Triggerring 

Triggerfinger 

Zündpulse 
Up = +12 000 V Spule 1 Spule 2 

Zum Extraktion 
System 

Betrieb und Problemlösung 
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Betrieb und Problemlösung 

PIG Quelle 

A. Bloch-Späth 
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  IHeizfaden = 65 ÷ 75 A 

  UBesch. = 500 ÷ 800 V 

  UPulser = 1200 ÷ 2500 V 

  USputter = 400 ÷ 1800 V 

  UExr. up to 23 kV 





Verbesserungen 
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IQ-Programm 
reagiert verzögert... 

Terminal Süd 
Intergrale geleistete „Quellenarbeit“ (in Bearbeitung) 

Strahlrohr kontaminationsfrei 

Ölfreie Vorpumpe 

5 von 6 Sputterquellen neu aufgebaut 

Terminal Nord 
Autom. Belüftung 

Bogenstrom und Spulenstrom werden digital angezeigt 



Aleksey Adonin 

Verbesserungen 
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Diagnostik in LEBT 
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  injector NORD injector SÜD 
Extraction Voltage:  up to 35 kV up to 25 kV 
Post Acceleration:  up to 130 kV 
Pulse Length:  0.1 ms ÷ 6 ms up to 5 ms 
Repetition Rate:  up to 5 Hz up to 50 Hz 
Design-Ion:  238U4+, 130Xe2+ 
MAX Resolution:  Pb-isotops are resolved 
 

RFQ requirements 
Specific Energy:       2.2 keV/u 
MAX Mass to Charge (A/ζ):      65 
Space-charge limit RFQ:      0.25 × A/ ζ [mA] 
Acceptance RFQ:       εx,y=138π mm·mrad 



Diagnostik in LEBT 
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Diagnostik in LEBT 
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Diagnostik in LEBT 

„GSI Betriebsworkshop" 



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

 

HLI Quellenoperating (LO): Lang, Mäder, Maimone, Tinschert 

 

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

 

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

 

Quellenservice Süd (QS): Brühl, Wesp, Schäffer S., Zulauf  



Grundsätzlich gilt:  

Immer zuerst die RB „Operating“ anrufen 

Ausnahme: PIG Quellenservice  

Rufbereitschaften 

„GSI Betriebsworkshop" 

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): Unterstützung von SO 

Quellenservice Nord (QN): Unterstützung von SO 

Quellenservice Süd (QS): PIG Quellenservice 



Vielen  Dank  für  die 
Aufmerksamkeit !!! 

Am Ende… 
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