Application of FEgen for Guided Development of Transversely Shaped Beams using Field Emission Arrays
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Introduction Field Emission Distribution Algorithm

Fleld emitters are. P Olsed .aS next-gene.ratlon ca.th()des Similar to ASTRA, FEgen can create field emission distributions 3D Momentum Comparison
capable of Opel‘atlng at hlgh frequen(:les and hlgh peak FEgen expands upon ASTRA with capabilities of using custom

pOWQl" COmpaCt and naturally Sllited fOl’ Shap ed an d patterns, grids of emitters, and pulse power/DC options

Momentum Distribution in FEgen is an 1sotropic distribution

patterned beam production. We developed a (uniform over half sphere)
computational toolbox to realistically model the e The particle above the sphere is a test particle with all

momentum 1n z

particle dynamics in field emitter cathode SyStemS. e Each particle’s energy is evaluated using Scipy’s Statistical

Kolmogorov-Smirnov test (kstest) for significance level '
: . C e RIE Gt : 1 01 02
(alpha=0.01) to create a uniform kinetic energy distribution X\ Time [ns]

The algorithm can account for field emission technology Spatial-Temporal Distribution in FEgen is radially uniform
beyond the FOWI@I’ Nordheim law e Pulse power/DC options use a uniform temporal distribution Momentum Vector Distribution (y/PZ+ P2 % P2)

e RF Fowler Nordheim equation becomes a Gaussian | m—-asTRA

o NOIlpl anar geOmetries distribution when averaged over an RF cycle: -

* Semiconductors (Stratton-Baskin-Lvov-Fursey) = _ 574107126104520 0% [fu] S
. . 1.75

* Temperature dependent emission (Murphy-Good) #

* Compatible with ASTRA, Impact-T, and GPT
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FEgen Capabilities Application Example: Modeling of Patterned Beam Using Field Emitter Array

© RF Cycle Inputs

e FEgen provides capabilities for both RF Puise Power Workfunction (eI

Emitter Cathode Radius [m]:

and DC/pulse power environments One emitter Number of particies: e Field emission arrays produce transversely patterned beams

Grid Initial Energy [eV]: 0.1

e Allows for emission patterns consisting o custom emission pattern Local Fiold (OV/mI. without complex laser schemes of masking of the cathode

of one emitter, emitter grid, or custom Total Charge (G- esosn gk [130 ] __ e Transversely shaped electron beam can be converted into
Charge per RF Cycle ACT=1316.127688539e6

emitter pattern Charge per pulse length rreaueney ek ‘ longitudinally shaped beam by emittance exchange or a

. Pulse length[s]: © Other
e Pulse power/DC option assumes a flat — Entor iloname to save os (without extonsion): S

Charge per cathode radius ‘

top Current iS used tO Create a time— Emitter radius [m]: Select folder to save file| Create file and save () In this example, the beam iS prOduced by an array Of
uniform charge distribution Q=I* t Total number of emitters: diamond pyramids

Enter locations of emitters [m]:

e RF environment uses the Fowler e 8 diamond pyramids were emitting as shown on a YAG
Nordheim equation in RF field screen 2.54m downstream

0 ¢ FEgen . 0
e Inputs experimental data for charge — ——— FEgen uses GPT and the exact solenoid settings to produce

collected over a pulse: Q5 = < i —— Cathode Radius [m} the correct gradient patterned beam at the right location with

T:* - Nun?t_;er of particles: . . . . .
f Emitter Iitial Energy [eV]: 0.1 the same local field, effective emission area, work function,
C Grid and Charge

e Simulates different cathode dimensions € One emitter
" Custom Emission Pattern : . - s
FEgen coupled with GPT demonstrates time dependent & B
Det |Spot| VacMode

Phase Shift [deg]: 180

2
Rcathode)

Remitter
e Can be used for a single RF cycle for e ————————— . ‘ ETD| 4.0 | High vacuum

o .o " Charge per emitter radius o
different cathode radii and pulse lengths ||~ croroe per cothode radios T —— found in ASTRA or Impact-T

Emitter radius [m]:

to optimize design: Qrr = Q (

I Current [amps]:

[Putee tengthisr simulations with extremely high resolution and accuracy not

Total number of emitters: @ 0 FEgen
e Emission period, initial energy spread el O RF Cycle

? ? v a B BES o 8 R InQUtS
local field, and work function can be varied Pulse Power Workfunction [eV]: 4.9

to simulate a wide variety of experimental = T e Emitter Cathode Radius [m]:

settings and different emission physics One emitter Number of particles:

e Output files can be directly imported into M | | Grid initial Energy [eV]: 0.1

Custom Emission Pattern
ASTRA, GPT, or Impact-T for beam O_
tracking simulations otal Charge [nC]: [0.0075

e Flags are set to -1 as the particles are ' | RF Phase [degl: 0 to 359

Charge per RF Cycle
generated at the cathode surface oep ’ Frequency [Hz): @) ACT=1316.127688539¢6
Other

Local Field [GV/m]: 6.795
Phase Shift [deg]: 180

© Charge per pulse length
FEgen 1s an open-source freeware software. W W WY . Pulse length[s]: 6e-6
Ongoing improvements include potential W | My © Charge per emitter radius Enter filename to save as (without extension):

barriers for nonplanar geometries and RF Settings (top) , pulse power/DC settings (middle), Charge per cathode radius LANL_APL_116_023502_2020|
example of grid x-y pattern (bottom left), example of : :
temperature dependence. P g yp ( ) P Select folder to save file| |Create file and save|

custom emission pattern (bottom right)

Total number of emitters: 8
AC kn OWI ed g m e nts Enter locations of emitters [m]:
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