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Abstract

In this paper, we summarize the current beam operation
© capability of FXR linear induction accelerator (LIA) at
ELLNL [1][2]. Experimental measurements for electron
~beam parameters at different beam operations are pre-
E sented.
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CURRENT FXR LIA CAPABILITY

Table 1: Summary of Current FXR Beam Operation Capa-
bility and Its Electron Beam’s Parameters.
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Table 1 is a summary of the electron beam can be pro-
duced by the FXR LIA. The current FXR can operate at
four different modes. Each mode is operating at different
2 acceleration scheme and with different cathode velvet size.

FXR injector produces electron through velvet cathode,

we commonly call it as cold cathode injector. For these

modes of beam operation, the small cathode has velvet size
of ~30mm in diameter and the standard cathode has velvet
4 size of ~ 56 mm in diameter. The X-ray dose at the target
%15 measured by Mucaddix diamond detector and the beam
<. spot size at the target is measured by the roll-bar technique.
% Noted that the x-ray dose for double pulse/standard cath-
8 ode is only 40R compare to the 240R measured for the sin-

© gle pulse/reduce cathode experiment. This consistent with
S 8 that the X-ray dose is proportional to energy (y) and peak
& current (I) D « Iy~3 [3].
o As shown in Fig.1, for single pulse operation, a single

" electron beam is produced by activated all the accelerator
‘I’ induction cells to achieved maximum energy gain of ~ 18
u MeV. For double pulse beam operation, two electron
£ pulses are produced with inter-pulse spacing > 0.8 ps. To
S accelerate two electron beams, the accelerator is configur-
£ ated such a way each pulse is accelerated by half of the
g accelerating cell in the FXR LIA. Each pulse has energy
2 gain of ~9MeV at the accelerator exit.
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BEAM EMITTANCE

Electron beam emittance is one of the key parameters to
2 estimate the performance of beam transport. To design the
%magnetlc tune for beam transport in FXR LIA, we model
E the FXR injector using TRAK [4][5]. Using the beam dis-
‘- trlbutlon output from TRAK, we then use AMBER particle
> 2 slice code [6] to simulate the beam transport in the accel-
£ erator section. For each mode of beam operations, we un-
E fold the beam emittance through solenoid scan. The un-
= folded beam emittances are listed in Table 2.
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Figure 1: Accelerating scheme of the single pulse and the
double pulse beam operation.

Table 2: Summary of Unfolded Electron Beam Emittance
for Each Beam Operation Mode.

Beam Operation Mode Measured normalized emittance by

solenoid scan (mm-mrad)
[~1300
Single pulse (reduced cathode) ~800
‘ ~1050 for both pulse
~ 500 for both pulse

Single pulse (standard cathode)

Double pulse (standard cathode)

Double pulse (reduced cathode)

BEAM CURRENT AND ENERGY
PROFILE

Beam position monitors (BPMs) and cell voltage moni-
tors (CVMs) along the LIA are used for monitoring the
beam current and accelerator voltage in real time. Experi-
ment data from these diagnostics have shown the FXR LIA
can produce a highly repeatable electron beam with similar
current and energy profile at every shot.

For double pulse experiment, experiment data shown the
inter-pulse spacing between the first electron beam and
second electron beam need to be greater than 0.8 us, sig-
nificant beam quality deterioration for the second pulse if
the inter-pulse spacing less than 0.8 us. The experimental
data shown below for double pulse are with an inter-pulse
spacing of 1.8 ps.

Figure 2, 3, 4 and 5 are the measured current profiles at
the injector exit for different beam operation modes. The
inserted plot is the magnification of the current profile. The
inserted table includes beam parameters calculated for
electron flat-top bunch length, FWHM bunch length, peak
current and current variation of the flat-top section.

Figures 6, 7, 8 and 9 are the sum of all induction cells’
voltage along the accelerator for different beam operation
modes. The inserted plot is the magnification of the voltage
profile. The inserted table includes beam parameters calcu-
lated for voltage waveform flat-top, voltage waveform
FWHM, peak voltage and voltage variation of the voltage
waveform flat-top section.

Figure 2: Beam current profile measured for single pulse/standard
cathode beam operation.
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Figure 3: Beam current profile measured for single pulse/reduced
cathode beam operation.
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Figure 4: Beam current profile measured for double pulse/stand-
ard cathode beam operation.
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Figure 5: Beam current profile measured for double pulse/ re-
duced cathode beam operation.
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Figure 6: Sum of all induction cells’ voltage profiles along accel-
erator for single pulse/standard cathode beam operation.
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Figure 7: Sum of all induction cells’ voltage profiles along accel-
erator for single pulse/ reduced cathode beam operation.
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Figure 8: Sum of all induction cells’ voltage profiles along accel-
erator for double pulse/standard cathode beam operation.
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Figure 9: Sum of all induction cells’ voltage profiles along accel-
erator for double pulse/ reduced cathode beam operation.

LOW-FREQUENCY TRANSVERSE
MOTION

Low-frequency beam transverse motion such as cork-
screw motion is monitoring by BPMs along the FXR LIA.
The existing BPMs at FXR can measure bandwidth up to
IGH. During beam tuning experiment, we want to mini-
mize beam corkscrew at the accelerator exit. To correct for
the Corkscrew motion, few sets of dipole steering corrector
were used in the accelerator section [7].

The standard deviation of the beam centroid in x and y-
direction &§(x) and §(y) with respect to the average cen-
troid motion <x> and <y> are

8 = (LI Gry = ()7 + (o = )24k G = D2 (1)

80 =PI 0u— 0D+ O~ OD 4 Gam OB )

Where x,, and y;, is the beam centroid of the indvidual slice
at the flat-top section of the electron beam. The Amplitude
of Corkscrew Motion A is defined as

A% = 5(x)* + 8(y)? G)

As shown in Figs. 10, 11, 12 and 13, we measured beam
centroid motion at the accelerator exit for different beam
operation modes after using steering dipole corrector. The
inserted table lists the standard deviation of the beam cen-
troid of the flat-top section of the electron beam. The cork-
screw amplitude is ~0.42 mm for single pulse operation
and ~1 mm for double pulse beam operation, which is <
5% of the beam spot size at the accelerator exit.
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Figure 10: Measured beam centroid motion for

pulse/standard cathode beam operation.
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Figure 11: Measured beam centroid motion for single pulse/ re-
duced cathode beam operation.
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Figure 12: Measured beam centroid motion for double

pulse/standard cathode beam operation.
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Figure 13: Measured beam centroid motion for double pulse/ re-
duced cathode beam operation.

HIGH-FREQUENCY TRANSVERSE
MOTION

There are four magnetic probes (B-dot) locating along
% FXR accelerator to monitor high-frequency centroid mo-
£ tion induced by the Beam breakup instability. Existing B-
2 dots at FXR have not calibrated to measure the high-
?frequency centroid motion, we can interpret the BBU
< growth through the accelerator by calculating the Fourier
% amplitude of B-dot signals.

§ Figures 14, 15,16, 17, 18 and 19 are the measured B-dot
© signals and their Fourier amplitude at three different loca-
g tion: injector exit (A), middle of the accelerator (B), accel-
§ erator exit (C). As indicated from the figures for different
= beam operation modes, the electron beam has the largest
i Fourier amplitude at a frequency of ~800 MHz, this is con-
% sistent with the simulations and experiments performed for
S the FXR induction cell [8].

& Furthermore, these figures also showed that the single
% pulse/standard cathode has highest BBU amplitude along
= the accelerator, and double pulse/reduced cathode has low-
& est BBU amplitude along the accelerator. This is consistent
2 with the beam intensity operated at these modes.
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Figure 14: B-dot signals (top) and their Fourier amplitudes
(bottom) for single pulse/standard cathode operation.
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Figure 15: B-dot signals (top) and their Fourier amplitudes
(bottom) for single pulse/ reduced cathode operation.
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Figure 16: B-dot signals (top) and their Fourier amplitudes
(bottom) for double pulse/standard cathode opera-
tion/pulse A.
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Figure 17: B-dot signals (top) and their Fourier amplitudes
(bottom) for double pulse/standard cathode opera-
tion/pulse B.
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Figure 18: B-dot signals (top) and their Fourier amplitudes
(bottom) for double pulse/ reduced cathode operation/pulse
A.

@) . ®) . ©

-y H A 1

B-dot Signal (AU)

U w7

Auplifude (AU)

“tenz) “rcnn”

Figure 19: B-dot signals (top) and their Fourier amplitudes
(bottom) for double pulse/ reduced cathode operation/pulse
B.

SUMMARY

We have evaluated the current beam operation capability
at FXR LIA. Important measured beam parameters have
been discussed.
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