A long pulse test stand for field emission

cathodes and photocathodes
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Outline

m Diode design

s Mechanical design, diagnostics

=  Commissioning

= 25 mm cathode results

= Scanning electron microscope cathode measurements
= 15 mm cathode results

=  TRAK fits to the data

Motivation: High brightness sources
Radiography: 1-2 kA, 100 ns, >100 uC/bunch, € < 500 mm mrad
Light sources: 1 kA, 1 ps, >100 pC/bunch, € <1 mm mrad
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The diode was designed in 2013 to withstand moderate
field stresses on long time scales.

Rexolite
Insulator \
13.000 \
= 250 kV on diode,
= 151 A extracted
(= =
0.000

2.0000 File prefix: (TS New 25maKI7.EQU

ot types illed contoy .
Qu:nuge \El\ R 250 kV on diode 10.000

CONDFTAG:  0.0000E+00

Viniom vale:  D.0000E) Current for last 5 runs

Waximm valve:  1.2642E+07
I 105358406

i 16 151.24

s 2 kVicm e eax 17 151.20

i — Sjﬁﬂiﬁjﬂ; 18  151.19 A-K:2.5cm H
= 19 151.20 Aperture: 2 cm

O 105 20 151.19

[ 1.1588E+07
[ 1. 2642407

File: CTS_New_25mmAK17.TIN
File: CTS_New_25mmAK17.TLS
8 secrun

0.0000

-1.0000

5 (cm)

s Los Alamos Peak E-field on shroud is 120 kV/cm (12 MV/m)
NATIONAL LABORATORY

EST.1943 ‘al 3
e

Managed by Triad National Security, LLC for the U.S. Department of Energy’'s NNSA NA' ‘-f‘?.“
WNational Nuclear Socuiity Administration




The mechanical design was completed in 2014 and
fabrication was completed in 2015.

BPM (Beam
Position Monitor)

Ballast

[ T
| N
@\» |

. 3

Cathode face
optical access
(for 17,27 & 3” A-K)

Cathode Shroud

» Los Alamos

NATIONAL LABORATORY

EST.1943 4
Jal

(8
Managed by Triad National Security, LLC for the U.S. Department of Energy’'s NNSA NA' ‘-f‘?.l
WNational Nuclear Socuiity Administration




Optical diagnostics for measuring J and «.

Beamlets must be emittance dominated
— 0 —e

o —_—
Bearm dirzction

Aperture plate

Optical diagnostic details
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Pepperpot

Pepperpot- emittance diagnostic

Scintillator
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Scintillators to used:
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Pulsed power testing, radiation enclosure certification, and
other commitments delayed commissioning until 2020.
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[ Emission observed at ~40 kV/cm ]

Shroud

Process

(1) Strong E-field > 10 kV/cm drives primary
electrons off the surface

2y These electrons desorb and ionize the
monolayers of gas on the velvet surface )

3 Avalanche of electrons is accelerated Acceleration

Field emission
lonization

» Los Alamos

NATIONAL LABORATORY
EST.1943 o7 6

Managed by Triad National Security, LLC for the U.S. Department of Energy’'s NNSA NA' &f‘,’l
Wational Nuclear Seculity Administration




Field emission was limited to higher voltage operations despite
reliable ~400 ns pulse operation with a 25 mm cathode.
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SEM measurements of velvet cathode material.
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We have demonstrated reliable ~400 ns pulse operation
at several voltages with a 15 mm cathode.

This data indicates emission initiates at E > 40 kV/cm
Cathode emission
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We have demonstrated reliable pulsed power operations
at several pulse widths with a 15 mm cathode.

Cathode emission
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TRAK simulations indicate the cathode recess and AK gap are
“virtually” decreased by 2 mm in order to match the measured current.
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Conclusion

= LANL has a platform where field & “hardened” photo emitters can be
tested
« Long pulse 0.3-2.6 us, low field < 10 MV/m
« Higher pressure vacuum 10-7-10-8 torr

= We have a good static, theoretical model of the emission from our
system.

= We have a stockpile of low work function field emitters to test
« We would like to minimize surface plasma growth and ohmic heating effects

= We are looking for suggested initial candidate “hardened” photo
emitters

= We are working on developing a photogating scheme
m  We are interested in collaborations, graduate students & postdocs
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131030 New cathode design

250 kV on diode 13.000

Current for last 5 runs

Beam reaches max extent ~26c¢cm
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BPM 5 12.7 3.3 1.299 4.38 0.034 3.01E-06
Pepperpot 5.52 14.02 3.6 1.417 3.68 0.029 2.53E-06
Scint 7.488 19.02 5 1.969 1.91 0.015 1.31E-06

Lj? The pepperpot can be retracted 2.275”, total z of (7.79”) 19.79 cm.
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The pulsed power system consists of a 22 Q Pulse
Forming Network (PFN) Marx and crowbar.
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DARHT Axis-1 diode and emission process
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At peak voltage (3.8 MV) the peak
fields on the cathode surface are
around ~150 kV/cm

[ Emission observed at ~40 kV/cm ]

Process

(1) Strong E-field > 10 kV/cm drives primary
electrons off the surface

@ These electrons desorb and ionize the
monolayers of gas on the velvet surface

@) Avalanche of electrons is accelerated
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