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Abstract

High quality electron beams, with high spatial and tempo-

ral resolution, have an important use in electron diffraction

experiments to probe and study the constituents of matter.

A cold electron source is being developed based on elec-

tron ionisation from an atom cloud trapped by using AC

magneto-optical methods in the University of Manchester.

The technique will produce bunches of electrons well suited

for high precision and single shot electron diffraction. In this

paper issues of modelling at low energies for this state of art

electron source with very low energy spread are presented,

with a focus on newly developed tools to model the scat-

tering in the meshes used to support the extraction electric

fields. The dependence on emittance growth on mesh wire

thickness is studied.

INTRODUCTION

Electron diffraction experiments are an integral part of

many fields of research, including crystallography, spec-

troscopy and investigations into chemical bonding. As these

fields progress, there is an ever-increasing need for electron

beams with better spatial and temporal resolution, requir-

ing investigation into novel methods of increasing beam

quality. The AC-MOT, currently being developed at Manch-

ester, promises to deliver low-emittance and low tempera-

ture beams through the cooling of the electron source using

magneto-optical trapping [1, 2]. It offers advantages over

conventional magneto-optical trapping techniques through

the AC magnetic field, such that there are no residual fields

due to eddy currents persisting after the trapping cycle has

ended. As such, the trajectories of electrons extracted from

the AC-MOT are unaffected by stray external fields resulting

in a more reliable electron source with potentially higher

beam quality. We present in this paper newly developed tools

to study particle transport and scattering in the Manchester-

Cockcroft Institute experiment and show results of simula-

tions conducted to model the extraction process from the

AC-MOT. In this work several codes have been employed,

namely CST [3], for modelling the experimental region and

calculating the electric fields used for electron extraction;
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General Particle Tracer [4], for simulation of particle tra-

jectories in drift spaces; and Geant4 [5, 6], for determining

emittance growth due to scattering. Note that some prelim-

inary calculations have been performed with FLUKA [7]

but are not described in this paper. We outline an assess-

ment of the extraction configuration which is being built and

make the first look at the impact of mesh scattering on the

transported electrons.

EXTRACTION REGION LAYOUT

The atoms in the MOT are ionised and the electrons are

extracted using a series of electrostatic electrodes towards the

diagnostic section (or later an electron diffraction experiment

or injection into a FEL). A full description of the AC-MOT

in this experiment can be found in [1]. After passing through

the grounded MOT field coils, the electrons pass through

three electrodes connected to 5 kV power supplies, which

provide the extraction fields. An electrode is constructed of

a stainless steel ring covered with a fine mesh, designed to

support the fields but allow electron transmission. The three

electrodes are followed by the Microchannel Plate (MCP)

detector, with its front plate biased at 200 V. The electrode

arrangement is shown in Fig. 1.

Figure 1: The layout of the extraction region, showing the

extraction electrodes.

The need to accelerate and extract the electrons before

the bunch is rapidly expanded by space-charge forces means

the extraction voltages need to be high. The MOT coils are

grounded and the voltage plates are positioned to provide a

strong electric field over the MOT region and subsequent

transport of the electrons towards the MCP is performed in

a drift region delimited by the first and second electrodes,

both held at 5 kV. A third plate very close to the second

plate is held at 2 kV and provides a retarding electric field

to slow the electrons down in a short time before the MCP

to provide optimum MCP efficiency. The fast extraction

configuration gives a strong field across the MOT, resulting

in a larger energy spread than the penetrating field configu-

ration described in [2]. Figure 2 shows the voltages applied

to the plates and the resulting potential, computed using the

electrostatic modelling tools of CST-Microwave Studio [3].
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Figure 2: Voltage configuration across the plates.

PARTICLE TRACKING

Particle tracking through the extraction region was per-

formed by using General Particle Tracer (GPT) [4] with 3D

field maps extracted from CST. The choice of tracking tool is

dictated by the need to model correctly low energy transport

through electromagnetic fields and an efficient space-charge

model to correctly include the intra-bunch forces in the ultra-

low-energy beam. GPT is used for this purpose. A focus

of the current design work presented in this paper is the

impact of low energy electron scattering in the meshes used

to support the electric fields - in this work the scattering

model in GPT is replaced by a more accurate scattering

model of GEANT4, to give a realistic estimation of the emit-

tance growth from elastic scattering in the meshes. So in

this paper, the effect of the beam-mesh interaction was in-

vestigated with a coupled tracking tool of both GPT and

GEANT4 [5,6], with the fields produced in CST, ensuring

the electron-mesh interaction is performed according to the

interaction differential cross sections. Practically the code

coupled is realised with a series of helper scripts, handling

coordinate and unit translation at every mesh encountered

by the GPT tracking.

GEANT4 Results

In this section we show the impact of the scattering

through a single mesh using GEANT4. The mesh is mod-

elled as a series of tungsten wires of thickness 0.025 mm

with a wire spacing of 0.483 mm, to give a wire woven mesh.

Figure 3 shows graphically the effect of passing through this

mesh on a pencil beam of particles with 0.5 mm radius with

zero angular spread at 5 keV energy, where the electrons

undergo elastic scattering. The figure shows the electrons

which hit the mesh wires can perform large angle scattering.

Figure 3: An example to particles scattering through the

woven mesh with a wire diameter of 25 µm simulated with

GEANT4.

The rms transverse geometric emittance evolution of these

particles that is generated by from GEANT4 tracks is shown

in Fig. 4 as a function of longitudinal distance. The mesh

is located at 5 mm. The beam emittance growth is seen

after the mesh, and the emittance subsequently falls as large

amplitude electrons which performed large angle scattering

are lost from the simulation. In total 10% of the initial

electrons are lost during the transport from the atom cloud

at z = 0 to the MCP.

Figure 4: Reconstructed rms transverse emittance along the

beam axis produced from GEANT4 tracks.

GPT+GEANT4 Results

In this section we show results from transporting the AC-

MOT beam through the extraction region with GPT and

using GEANT4 for the mesh scattering, giving a stepwise

coupled tracking/scattering model. A distribution of 5000

particles was initialised in the GPT input file, with an initial

particle distribution of Gaussian both longitudinally, with

a 1σ bunch length of 0.2 mm, and transversely, with a 1σ

radius of 2 mm. This reflects the size of the AC-MOT in the

current experiment. The initial transverse velocity phase-

space distribution (γ βx,y ) was also defined as Gaussian,

with a width of 1 × 10−6. The transverse normalised emit-

tance was then scaled to give 2 × 10−2mm mrad. The initial

particle kinetic energy was defined to be 1 meV.

This initial particle distribution is then propagated in GPT

to a position just before the first electrode. At this point,

the GPT output was analysed to determine the parameters

of the beam distribution at this position (i.e. the mean, and

standard deviation of the Gaussian distribution). These pa-

rameters, along with beam energy, were then used to define

a new particle distribution in GEANT4, which then mod-

elled the transport of electrons through the tungsten mesh

electrodes. Parameters describing phase-space distributions

were obtained after the scattering, together with transverse

beam emittances. GPT was then used to track this scattered

distribution to the next electrode, under the influence of the

extraction fields and space-charge. This process was the

repeated for the entire extraction region.

Figures 5 and 6 show the tracking results from the com-

bined tracking of GPT and GEANT4 (with scattering) and

also from only-GPT tracking where all particles pass through

the mesh without scattering. The energy spread without

scattering shows an increase at the first electrode due to the

6th International Particle Accelerator Conference IPAC2015, Richmond, VA, USA JACoW Publishing
ISBN: 978-3-95450-168-7 doi:10.18429/JACoW-IPAC2015-WEPWA049

WEPWA049
2616

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

15
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.

3: Alternative Particle Sources and Acceleration Techniques
T02 - Electron Sources



Figure 5: Reconstructed rms energy spread along the beam

axis using GEANT4 and GPT combined tracking.

Figure 6: Reconstructed rms horizontal and vertical beam

sizes along the beam axis using GEANT4 and GPT com-

bined tracking.

strong electric field and stays constant until the MCP. The

addition of scattering results in increases at each of the ex-

traction electrodes. Similar behaviour is seen in the beam

size with and without scattering, where the beam size (due

to the mesh interaction) increases in step at each of elec-

trodes when GEANT4 is used to model the mesh scattering.

The result is a significantly larger beam with a larger energy

spread at the MCP when the mesh scattering is included.

Figure 7: Reconstructed rms transverse emittance along the

beam axis using GEANT4 and GPT combined tracking.

The corresponding normalised emittance growth is shown

in Figure 7, again with GPT only and GPT combined with

GEANT4. For the case of no scattering, the emittance in-

creases by a factor of around 10 in the transport from the

AC-MOT to the MCP, primarily due to space-charge within

the bunch. However, a much larger emittance growth is seen

when the mesh scattering is included in the existing mesh

design.

Figure 8: The physical emittance growth as a function of

mesh wire size, obtained from GEANT4 simulations.

Figure 8 shows the growth in (unnormalised) emittance for

the passage of a pencil beam through an electrode mesh of

varying wire thickness. The existing wires in the Manchester-

Cockcroft configuration are 0.025mm, denoted by the blue

spot. The expected decrease in the emittance growth for

thinner wires is seen, suggesting the emittance growth could

be controlled with alternative wire geometry and thickness.

Such studies are underway at the present time.

CONCLUSIONS

A technique combining the GEANT4 and GPT codes in

order to simulate the non relativistic electrons undergoing

acceleration under static electric fields in the Manchester-

Cockcroft AC-MPT and scattering through fine mesh struc-

tures is presented. The aim is electron transport from the

Manchester-Cockcroft AC-MOT to an MCP with controlled

emittance growth. We show that the emittance growth of

a realistic beam is very high with the existing experimen-

tal setup and propose a solution to preserve the emittance

through extraction geometry optimisation. We are also com-

missioning the experiment in Manchester, with one of the

goals to benchmark these simulations.
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