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Electron density 1x10%> cm3

Plasma length 10cm

Gas Pressure ca. 0,04 mbar — 0,4 mbar
Discharge duration e BEENK]ULS

Total length 150 — 200 mm

10Hz

Voltage 1-2kV

Peak-current 200-400A
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plasma length typ. 10 m AC
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Breakdown voltage at required pd:
~200-500V

Lower mobility than H, or He
— Stabilisation of the discharge

Gregor Loisch, 8/18/2015, page 4/17




Photo Injector
Test Facility

“Wall-stabilised linear discharge”
— Skin-depth > plasma diameter

Left branch of Paschen-curve: hollow cathode geometry
Right branch of Paschen-curve: pre-ionisation by low current glow discharge

Influence on beam?
400A, fully space charge compensated...

—> Comparison with heavy ion “plasma transfer channel” (Watrous et al. 1989):

Li* ions 30MeV/u in 107cm3 at 11.1kA
Bo;./ Bepr=74 and I,;./1pr,=28
BUT: charge state change in dense plasma Li+ - Li3+

B,;3./ BOpirz=25

— No intense focussing expected from this comparison...
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PITZ-design: electrical circuit
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PITZ-design: discharge vessel M\ ” decngs
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Additional Considerations:

* External current return to avoid
amplification of pinch behaviour
No 50 Ohm matching needed
due to short length of 10cm

Open constructional tasks:
e HV-connections

(Sealing between metal and glas)
(Sealing between insulator &
metal flanges)

Exact positioning of gas-
inlet/pump port

Electrode material
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Commercial:

HV-Source (~2.5kV, 60mA)
(preliminary parameters available)
Rogowski coil

Voltage probe (available)

Pulse capacitor (4x 1uF)

Pulse resistors

MegOhm HV-resistor

Power switch

Ar-Gas (available)

[Remote controlled valves for
pressure adjustment from CR (?)]

In-house production:

Discharge vessel
Electrical circuit housing
EM-housing
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Diagnostics

ArH2-Gas

Fast camera, ~.1us, “DiCam
(Hamburg?)

Monochromator (Dortmund?)
Callibration lamp
Oscilloscope

High accuracy pressure gauge
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e

No Lithium EM-Noise

No laser Type of discharge new for
PWFA

Easy remote control Not as sharp boundaries as Li

Easily scalable to other lengths
Easy setup and handling
Easy diagnostics (tr.v. & longit.)

Thinner Kapton-windows

(Formation of hollow
channels?)
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Too much EM-Noise for beam line?
Unstable performance at low pressures/densities?
Homogeneity not proven yet

Discharge current disturbs beam/wakefield formation?
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Switch

TPI1-0.2k/12

Cold cathode thyratron
Pulsed Technology (Ru)

e 1-15kV

 0.1-1kA

 kHz

e 1.8k€ (+1k€ Triggerbox)
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AUT

Karlsruher Institut for Techinologie

Stacked Semiconductors/Marx

generator

* Ca. 100€/stage

e 1stage ~1kV

* 500A max.

* ~50Hz

* 4kV/400A incl. low noise
capacitor charger: ca. 700€
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Pressure Gauge

Q‘-E\T-T—E‘;:% NAGUIUW

Pfeiffer capacitive gauge Pfeiffer Pirani gauge
CMR363 TPRO18

* 0.2% absolute accuracy * 10% absolute accuracy
* Not suitable for tunnel * Suitable for tunnel

e 2k € (incl. controller) * available
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Other electronics
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WIMA GTO MKP

SHV cables

Capacitors

e < 5kV
e ~100nH/ft
— 4 parallel, < 1m

e 2kV max.
 1-10uF

e ~10nH

* Ca.30€/cap
* Alternatively Muecap

Rogowski coil
 0.01V/A

* >20nsrise time
e 15Mhz

e 470€
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Other electronics

Washer Disc Resistors Thick Film Resistors
e +-10% e +-10%
* 5kV * 5kV
e 27,6kl e 230W
* 214€/pc * ~40nH/pc
» <95€/pc

HV-film resistor

e 200k-5MOhm (+-1%)
e 4.5kV

* 10W @ 25°C

* 42€/pc
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Component e

Switch ~700€
Capacitors ~150-250€
Rogowski coil 470€
HV-resistor 90€

Pulse resistors 300€ (max.)
Mechanical parts ~500€
Overall 2300€
(accurate pressure gauge) (+2000€)

Delivery of electronics
Construction & Workshop
Assembly (2pers.)
Comissioning & Diagnostics (2pers.)
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Thank you for your attention!

Gregor Loisch, 8/18/2015, page 17/17



PITZ

Zeuthen

Photo Injector
Test Facility

A. Tauschwiiz et al.

argon 0.56 mbar

8mm

E|
: §
nitrogen 0.85 mbar
o » L
- A. Tauschwitz et al.
helium 2.8 mbar
™ support ring
tie bolt 00 ns | :
/7. . gas inlet S i
Size and reproducibility of the focal spot for different dischar &Ll ozl
p ¥ e focal sp L ge gases. return k.\\\‘\:.s
(molybd ) % vacuum seal conductor K4
’
i
—} | plasma —-’ .
- ;
beam uartz tube focus £ 1200 05 |
flange q :
NN cathode
HV. Z TS raxas ) .
connectors S
BEEE insulator
conductor . Y
1350 ns_ 1820y
Transport

Channel FiGure 4. Mechanical design of a plasma lens for currents up to 30 kA. FIG. 3. Continuous series of framing snapshots taken end-on of the seven
gold beamlets which were masked out by a pepper pot plate. Exposire
time was 200 ns each, the scintillator was positioned at 200 mm distance
behind the plasma lens. The maximum focusing corresponds to the merg-
ing of the beamlets at t=1270 ns (exposure time here only 30 ns).
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