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|. Theta Pinch Discharges



Front View of the Inductively Coupled Plasma
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Law of Paschen
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TECHNICAL DATA (SETUP I)

INDUKTIVITY: Lo — 2.1 ,uH
C, =12 uF

CAPACITY:

MAXIMUM LOAD VOLTAGE: Uo =4100V
RESONANT FREQUENCY: V= 30 kHZ
MAXIMUM CURRENT AMPLITUDE: | =95 kA

DIAMETER OF THE DISCHARGE VESSEL: d — 20 cm



Damping of the Circuit through Inductive Coupling
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Energy Transfer Efficiency
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Discharge Sequence
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Spectroscopic Results

4000 ~

3500

3000

2500

2000 -

1500 +

1000 +

500

Arll 480,60nm
Arll 487,99nm
Arll 484,78nm
H 486,13hm
e Arll 493,32nm

476

1 -~ 1 T 1 1T T 1T T 1
478 480 482 484 486 488 490 492 494 496

A [nm]

2200;
2000 —
1800;
1600;
I [a. u']1400—-
1200 —
10002

800

600

400

p=15Pa
U,=4500V

n=1610"cm’

HB486nm

10



Mean Electron Density
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Energyloss Measurements with Low Energy lons (45 keV/u)

Compact Linear Discharge Plasma RFQ-Accelerator MAXILAC and Experimental Set-up

Discharge vessel: | = 20 cm, d = 2 cm Capacitor bank: 2.6 uF, Charg. voltage: 5 - 10 kV

H, gas: 0.5 — 2 mbar lon energy: 45 keV/u, Krl*-ions
AE: TOF measurements

Beam microstructure: 13.4 MHz,
74.8 ns between ion-bunches
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2-stage differential pumping
Apertures: d =3 mm, | =3 cm
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Setup of the Stripper Experiment

Gas Feed

i Turbo 1






Plasma Densities Scale with Discharge Energy
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Pinching Sequence
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Screw-Pinchgenerator

» Capacitor (modular design):
C=12,5-100 [uF]

U=9-18 [kV]

E=1250-5000 [J]

» Coll (9 toroidal and 6 poloidal coils ):
L=11,2 [uH]

f =4,8-13,6 [kHZz]

.. =27 [KA]

P50 [MW]

» Gas:
Ar ArH(2,4%)




Results

50 puF 18 kV 140 Pa:
Efficiency: max 60%
Electron density: max 1,38:10%6 cm3
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1. J x B =Collider

A XUV-Source
to study warm dense matter
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J X B - Accelerator

SHOCKWAVE

CURRENTSHEET
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GOETHE Plasn ﬁ
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A SINGLE DISCHARGE
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GOETHE ﬁ Plasmap ﬂ
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5kJoule
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PLASMA COLLIDER

I. vOLTAGE: 2 X 4KV

Il. CURRENT: 2 X 35KA

1HI.GAS-PRESSURE: 10PA

IV.STORED ENERGY: 2 X
72dJ
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Plasmaphysil m
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DENSITY MEASUREMENT
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* Densityprofile shows a linear
behaviour

» Density is increasing with
increasing gas pressure

* Density is increasing with
increasing applied voltage b

factor of 2 per kV
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Plasmaphysil m
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DENSITY MEASUREMENT

= collision
= single

1E16
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» the density in the collision case
is a factor 4 higher than in the

single case
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DENSITY MEASUREMENT
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: » the in the collision the density
e is up to a factor 3 higher than
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XUV/VUV diagnostics of warm dense matter
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» Setup of a simple to mount VUV diagnostic

system
— Adjustable height (ca. 120-180cm)
— Self supporting system (one cable
solution)
— AndorBasic coding for automation

* High QE in VUV area
* Monochromator & spectrometer applications

Experiments:

+ Colliding plasma (Uni Frankfurt

* Interaction of matter with an high energy
laser (PHELIX)

* Interaction of matter with an heavy ion
beam (GSI / FAIR)

Wavelength 30-300nm
Blaze 70nm
wavelength

Resolution 0,05nm

‘ FAI R Detektor Andor iKon M

Helmholtz International Center




l1l. J x B -Switches

Development of a high current plasma-switch

for the FAIR-magnetic-horn



] X B - Schalter
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Introduction

*Creation and collection of Antiprotons

Erzeugung von Antiprotonen

A

Protonen Target (z.
E=5,6 GeV (6 m,c?)

pA —pX
ptp — ptptptp
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Umax 20 kV p@@@@@@@@@@@

T 2.8-40 s £ @W
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AAJAL 6E10 — 8.5E11 A/s = | renction
l‘ products

Dutycycle 0.2 Hz

Abb: K.Knie



Concept — HCLDS: High-Current-LDS

Advantages:

low inductance
low erosion
simple setup
self quenching

mercury free

—> high rise time

—> long lifetime
- cheap
—> defined pulse length

—> alternative to Ignitrons

4 parallel, synchronized LDS's:

Synchronization of the single
discharges due to boreholes in
the outer electrodes

Trigger unit:
® Glow discharge
® High dielectric Trigger

Problems:
synchronization of the discharges

for long pulse length, several
single discharges during one
“shot” are necessary

good quenching behavior
followed by re-triggering the
discharge




