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Spatial AutoResonance Acceleration (SARA)

The electron acceleration in the autoresonance regime by a standing transversal electric microwave field in an
inhomogeneous magnetostatic field

Figure 1: A physical model scheme.

1-cavity, 2-magnetic coils, 3-microwave port,
4-electric field profile (particular case of TEj13 mode),
5- electrons gun.
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Dugar-Zhabon, V. D. & Orozco, E. A. (2017). U.S. Patent
No. 9,666,403. Washington, DC: U.S. Patent and Trademark
Office.

SARA Electrons beam acceleration by a TE112 cyclindrical microwave field
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Spatial AutoResonance Acceleration (SARA) .
T

Cyclotron frequency :

we(2)/w =y ' B,(0,2)/Bo

Al
B

-1 -2 21-1/2
+y T H(EG/Boo) [l =y + (vz/0)*]7" Eie
X|sin(prz/Lc)|sing P :Index of TE11p mode
 : Microwave field frequency ¥ :Phase-shift

Y : Lorentz factor

B, (0, z) : Magnetic field value to obtain o |
clasical resonance. < :Longitudinal coordinate
of the electron

L : Length of the cavity

Eg : Electric field strength.

C :Speed of light Dugar-Zhabon, V. D., & Orozco, E. A. (2009). Cyclotron
P 8 spatial autoresonance acceleration model. Physical Review

Vz : Longitudinal velocity Special Topics-Accelerators and Beams, 12(4), 041301.
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1,571
1.4~ = Table 1: Magnetic coil system parameters
M 13- o Coil R; R. Ly J Z
— =
?(. 12— _ 1 6cm 20cm  6cm 1.39A/mm?  -5.75cm
el B ' _ ' 2 6cm 20cm  7.5cm  1.08 A/mm?> 8.25cm
LU 3 6cm 20cm  69cm  1.I8 A/mm? 19.5cm
1,07 4 6cm 20cm  6.1cm  2.07 A/mm? 32cm
-4 .54 30

20

» 0 (o® TE113 cylindrical mode

Figure 5: The profile of the magnetostatic field in the y = 0
plane.
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(i) First stage: Calculation of the steady state for the
microwave field before to inject the electrons beam, and

8 ; 2 ! dr,
(ii) Second stage: Self-consistent simulation of the bunched 7: =,
electrons beams in the SARA acceleration by the TEj3 | dtym,i,) oEoa B
cylindrical microwave field, ar BEr T Ve By
Superparticles motion A
. [ ] ‘
y __/:.7_’___-4,_|__
A Perfect electric At S
Perfectly Matched conductor | :
Layer ‘. :
A -
Total electl:ic and m‘agnetic field = Current density calculation on meshgrid points
= =% interpolation T Esc _ 0B
T ot e
- V x B,SC = }.l()f— Ho&g o1
Excitation plane
of the EM field Self-consistent electric and magnetic field
calculation on meshgrid points
Figure 3: Waveguide-resonant cavity cross section. Figure 4: Electromagnetic PIC-algorithm.
Es¢ = ERf  Es8 E =Eand B = B + B®
*h . — R
E"/= microwave field BS = magnetostatic field

Es8 = self-generated electric field
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TE113 cylindrical mode
frequency =2.45 GH? re =30 cm L.=30cm

Table 2: Parameters of the simulations

case 1 case 2
Beam parameters
Electron Bunch Radius 0.5cm 0.5cm
Electron concentration n, = 108 cm™  n, = 10° em™>

Injection energy 30 keV 32keV

Simulation parameters

Ax 0.07 cm 0.07 cm
Ay 0.07 cm 0.07cm
Az 0.3cm 0.3cm
At 1.58 ps 1.58 ps

PiC merging factor 2 x 10* 2% 10°
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Figure 0: Steady-state electric field distribution in (a) the
cross section 7 = L./2, (b) the longitudinal plane y = 0 and
(c) the longitudinal plane x = 0.
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Single particle simulation
* PIC simulation

o 10 20 30
z(cm)

Figure 7: Time evolution of the phase-shift between the
electrons transversal velocities and the right-hand circular
polarized component of the electric microwave field.
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Single particle simulation t=13T]

* PIC simulation
=1 1Tj
f
t=9T,

t=5T ‘t=?T ,
s
t=3T '

0 10 z(cm) 20 30

Figure 8: Time evolution of the energy for the n, = 10°
electrons bunched (red circles) and for the single particle
approximation ( green line).
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case 1

0,8 =EL

Single particle simulation t=11T
+ PIC simulation

0,6-
B,
N\
a 0,4 -
0,2-

0,0

Figure 9: Time evolution of the transversal (87 = vr/c)

and longitudinal (8, = v;/c) velocities for the n, = 108
electrons bunched .
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f . PIC simulation
; - t=11T
3n/2
200 -
—~ S‘ t=0T
® n O 7\
= ~
- = 100 -~
. t=5T
-— N t=7T
/2 . t=3T
=37, J
t=13T 7| 1 17T o -
~ —— 0 .

. , . | . .
0 10 20 30

z(cm) 0 10 Z(cm) 20 30
Figure 10: Time evolution of the phase-shift between the
electrons transversal velocities and the right-hand circular Figure 11: Time evolution of the energy for the n, = 10?

polarized component of the electric microwave field for the electrons bunched.
ne = 10° em=3 electrons bunched.
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Figure 12: Time evolution of the transversal (87 = vr/c)

and longitudinal (B, = v;/c) velocities for the n, = 10°
electrons bunched.
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Figure 13: Numerical predictions of the energy spectrum
for the electrons impacting on the cavity wall, z,,41 = L.,
for the n, = 108 electrons bunched and for the n, = 10? electrons

bunched.
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Electrons bunched can be accelerated up to energies of 250 keV
in spatial autoresonance acceleration conditions by using a
cyclindrical TE113 mode

For the n. = 10° cm™ electrons bunched there is not present

serious defocalization effect.

For the n. =10 cm™ electrons bunched, the self-generated electric

field spread the bunch in longitudinal direction, which affect the
acceleration regime. However, this effect can be reduced by using
a continuos electron beam in the injection process.
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