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Outline

1. Why build a gas discharge plasma?
Introduction to GDP

Layout of PITZ discharge cell
Diagnostics

First Lab-Data
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Discussion & Summary
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Why another plasma cell?

Intrinsical disadvantages to overcome:

Complicated handling (Lithium)
Complicated density measurements
Scalability to longer lengths?

Costs (materials, gas, etc.)

Danger of accelerator damage (Lithium)
Long procedures (Heating up, cooling down)
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Other Solutions - GDP in PWFA
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Physics of gas discharges

Paschen curve
« Shows breakdown voltage

* Suggests Argon (also preferable for stabilisation
due to high mass) ﬁpd

- In(pd) + b

Vi

Breakdown mechanism
» Capacitive
« Statistical
» Pre-ionisation
» Special electrode
design

Discharge current
» Collisional heating of gas
« Spitzer formula of plasma resistivity

» Confinement of plasma (- wall stabilisation)
e Could influence beam (simulation confirmed negligible influence at PITZ parameters)
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Parameters

Electron
density

Plasma
length
Gas
Pressure

Discharge
duration

Voltage

Peak-
current

101° cm3

10cm

ca. 0,04 mbar-0,4

mbar
ca. 1-10us

10Hz
1-3kV
200-600A

Defined by PITZ beam

Defined by simulation

Set by e-density and Spitzer
formula

Set by wall stabilisation and
Spitzer formula

PITZ nominal
Def. by Paschen curve

Def. by Spitzer formula

PITZ-beam: 21ps flat top, 20MeV, 100pC (Self Modulation-studies)

— Max. allowed dn=5% (Schroeder et al., Physics of Plasmas 19, 2012)
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PITZ GDP design 1R
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Wall-stabilised, linear discharge

» Initial skin-depth > plasma diameter

» 12 mm plasma diameter

» Hollow electrodes for enhanced ignition
» LxD = 150x114 mm
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Diagnostics

> Verify discharge stability
> Define operation

parameters
> Calibrate electronics 2
Rogowski coil
« 0.01V/A
« >20ns rise time Pfeiffer capacitive
* 15Mhz gauge CMR363
* 0.2% absolute
accuracy
PCO DiCam * Not suitable for
« >2ns exposure time (500ns radiation environment

needed)

* Intensified for low emission
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Diagnostics
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First “results®...
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. Parallel plasma cell approach

. Benefits from Lithium cell infrastructure and technology
(beamline slot, vacuum windows, beam transport, IL system)

. Chance to overcome intrinsical problems of Lithium vapour oven

. Development essential for high transformer ratio experiments

. Extension of density range 102 — 10" cm-3 with different plasma
cell technologies (— PWEFA & Lab-Astro experiments)

. Next: assembly and density measurements
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Thank you for your attention!

G. Loisch

for LAOLA@PITZ
M. Gross, M. Krasilnikov, O. Lishilin, A. Oppelt, G. Pathak, F. Stephan
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