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Summar

.With increasing brightness, beam diagnostic tech-
niques requiring interception of the beam become im-
practical. For H™ particle beams, solutions for this
problem based on the phenomenon of photodissociation
are now being investigated at the Los Alamos National
Laboratory accelerator test stand (ATS). A laser can
be used to selectively neutralize portions of the
beam that can be characterized after the charged
particles have been swept away. We have used this
technique for measuring longitudinal emittance at the
output of the ATS radio-frequency quadrupole (RFQ).

Introduction

To avoid the problems associated with intercep-
tive diagnostics techniques for particle beams of high
brightness, the laser-induced neutralization diagnos-
tic approach (LINDA) is being developed for the ATS.
In this approach, a laser beam is used to selectively
neutralize through the photodissociation process a
segment of the H- particle beam, and the H° particles
are subsequently segregated from the H™ beam at a
beam deflection element. The beam parameters at the
point of neutralization are then simply reconstructed
by using only the drift distance for the neutralized
portion of the particle beam. In principle, this
technique can be used to reconstruct the complete 6-D
phase-space density distribution by altering the spa-
tial and/or temporal structure of the photon field
traversing the particle beam and using the appropriate
detector geometry.

Experimental Setup

Initially we have used this technique to measure
the longitudinal parameters at the exit of the 2-Mev
ATS RFQ. Before obtaining a longitudinal emittance
for the ATS RFQ, we used LINDA to measure the current
density versus longitudinal phase and longitudinal
energy distributions. These results have been previ-
ously reported.! Figure 1 indicates the experimental
layout and beam configurations for our measurements.
A single transverse slice of the microstructure is
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Fig. 1. Experimental layout and beam configuration

for the longitudinal measurements.

*Work performed under the auspices of the U.S. Dept.
of Energy and supported by the U.S. Army Strategic
Defense Command.

neutralized with a 1.06-um Nd:YAG mode-locked laser
capable of output energies of up to 10 mJ for a single
32-ps pulse. A telescope and cylindrical lens are
used to expand the laser beam to 7 mm in the trans-
verse dimension and to a focus of less than 30 um

in the longitudinal dimensional at the point of
intersection with the =3-mm particle beam, 5.7 cm

from the exit of the RFQ. The neutralization fraction
for the portion of H™ beam illuminated by the laser

is estimated to be 0.99 (well into saturation) for
the 1- to 3-mJ pulse used. At this power level, 10%
variations in laser power has negligible effect, and
reflections below the 1% level can be ignored.

The time at which the laser fires can be con-
trolled only to within a few microseconds; therefore,
the 413-MHz RFQ phase is random with respect to the
time when the laser pulse traverses the particle beam.
The relative phase for the sampled portion of the beam
is determined by a computer-interfaced interval timer
having approximately 15-ps resolution. (See logic
diagram shown in Fig. 2.) An InP:Fe photodetector,
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Fig. 2. Electronics diagram for longitudinal measure-
ments.

having a rise time of less than 100 ps, is positioned
in the laser beam downstream from the interaction
point and is used to provide the start for the inter-
val timer. The negative-going zero-crossing point of
the vane potential as measured near the exit of the
RFQ tank is used for the interval-timer stop point.
System temporal resolution is estimated to be approx-
imately 30 ps. To ensure laser, jon-source, and RFQ
stability during data acquisition, additional elec-
tronic components are included to veto events for
which the laser power, source current, or RFQ power
fall below a predetermined discrimination level.

For longitudinal emittance measurements, the
neutral-particle detection system consists of a
subnanosecond secondary-emissions monitor (SEM) with
an active area of 5.1 cmz, a 450-MHz, 105X amplifier,
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and a waveform digitizer interfaced to computer with
IEEE Standard 488 interface (see Fig. 2). A second
InP:Fe photodetector in the laser beam initiates data
acquisition so that time-of-flight information can be
taken from the digitized SEM waveform. A temporal
dispersion in the 32-ps sample of the particle beam
is produced by a 7.57-m drift between the point of
neutralizdtion and the SEM. Although this drift dis-
tance obviates the use of multigigahertz detection
apparatus, less than 5% of the neutralized portion of
the particle beam is collected.

Data Analysis

The relative phase and energy profiles are ex-
tracted from the interval timer values and the digi-
tized waveforms in software.

energy and averaged with any previous samples. The
raw emittance plots (shown in Figs. 3 and 4) must be
corrected to remove the 413-MHz rf background and the
aberrations of the waveform digitizer. Additionally,
secondary laser pulses (occurring at 7-ns intervals
after the primary) produce artifacts in the data (the
three additional peaks or islands that can be seen in
Figs. 3 and 4) that must be removed. Because the
tails of these distributions overlap at 1-5% of the
peak values, the software cuts used to remove these
artifacts are somewhat arbitrary at these levels.

Fig. 3. Raw longitudinal emittance plot at 410-mV

RFQ vane voltage.

Fig. 4. Raw longitudinal emittance plot at 380-mv

RFQ vane voltage.
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To build up an emittance
profile, each waveform is binned in terms of phase and
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Results

Figures 5 and 6 show isometric plots of the
longitudinal emittance profile after background sub-
traction and software cuts have been implemented.
Figure 5 is an emittance plot for an 82-mA, 2-MeV beam
that was injected into the RFQ at 93.5 keV and was
accelerated at an RFQ vane voltage assumed to be near
the design value (410 mV at the power-sensitive rf
pickup loop). Figure 6 is the result of a subseguent
run with the same conditions except that the RFQ vane
voltage was reduced (380 mV at the rf pickup loop) to
a point above threshold for 2-MeV acceleration but
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Fig. 5. Isometric longitudinal emittance plot at

410-mV RFQ vane voltage after background
extraction and software cuts.
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Fig. 6. Isometric Longitudinal emittance plot at
380-mV RFQ vane voltage after background

extraction and software cuts.

below the design value. Table I gives the emittances,
a's, B's, and beam contents for various contours for
the 410-mV data. Units (for convenience of computa-
tion) are w-%(energy)-deg. In terms of weMeV-.deg,
emittances and v's should be divided by 50, and B's
should be multiplied by 50. Figures 7 and 8 are con-
tour plots of the same data. Figures 9 and 10 are
projections onto the energy and phase axes.
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LONGITUDINAL EMITTANCE PARAMETERS AT THE OUTPUT OF THE 2-MeV RFQ
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Fig. 7. Same as Fig. 5 except contour plot. Fig. 8. Same as Fig. 6 except contour plot.
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Fig. 9. Projection of 410-mV emittance data upon Fig. 10. Same as Fig. 9 except for 380-mV data.
energy and phase axes.
Roughly, the results are as anticipated. The
FWHM of the energy and phase distributions at the REFERENCE

higher vane voltage are 1.25% and 50°, respectively.
Below design vane voltage, the tails of both distri-
butions increase as more particles fall from the
bucket. Aiso, as expected, the y's are small and

the 8's are

large. However, to go beyond these state-
ments will require both comprehensive calculations and

more high-quality data.
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