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Abstract BARIUM ION SOURCE

The Paul Trap Simulator Experiment (PTSX) is a cylin- Barium ions are produced at the hot metal surface by
drical Paul trap whose purpose is to simulate the nonlinegentact ionization. The available optical transition lines of
dynamics of intense charged particle beam propagation irrium ion are presented in Fig. 1.
alternating-gradient magnetic transport systems. For the in-
situ measurement of the transverse ion density profile in the
PTSX device, which is essential for the study of beam mis-
match and halo particle production, a laser-induced fluores- 6P, ,
cence diagnostic system is being developed. Instead of ce ¢14.17 nm
sium, which has been used in the initial phase of the PTSX
experiments, barium has been selected as the preferred ic
for the laser-induced fluorescence diagnostic. The instal-
lation of the barium ion source and the characterization of
the tunable dye laser system are discussed. The design «
the collection optics with an intensified CCD camera sys- 65,
tem is also discussed. Finally, initial test results using the
laser-induced fluorescence diagnostic are presented.
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Figure 1: Energy level diagram dBa™ with transition
wavelengths and natural lifetimes.

INTRODUCTION

. L . _Although there are several transition lines for laser exci-
Intense charged particle beam propagation is an actiyg, | the52Dj 5 to 6P/, transition is selected mainly

research area and has a wide range of application rang8 ause there exists a commercially available, stable

from basic scientific research in high energy and nucle%r ; ; .
. o ; roadband, high-power laser system in this red spectrum
physics, to applications such as spallation neutron sources

; ; : : . region. lons excited from the metastable sféﬂég/g tothe
ion-beam-driven high energy density physics, and nuclear®. 5
. . excited state&“P, ,, decay to the ground sta@Sl/g al-
waste transmutation, to mention a few [1]. The Paul TraH1 : . I .
. . : ost immediately (8 ns) emitting blue-green light (493.41
Simulator Experiment (PTSX) is a compact laboratory fa- . S -
- ) . . . : nm). It is expected that the ionization efficiency for the
cility that investigates intense beam dynamics by taking ad- ; . ;
A . metastable ions is equal to or less than the estimate made
vantage of the similarity between an intense beam prop- . .
) SO . rom the Saha-Langmuir equation,
agating through a periodic focusing quadrupole magnetic
field and a one-component nonneutral plasma trapped in . AR
an oscillating quadrupole electric field [2]. The PTSX de- . 9i €Xp ( kT ) )
vice is d(_ascnbed in dgtan elsewhere [3], _and initial experi- ~* 4 exp (EikaW) +gi+ ., g5 exp (—?71;3)
ments with a cesium ion source and a simple Faraday cup
diagnostic have been very successful [4]. However, for theere, 17 and T' are the work function and temperature
in-situ measurement of the transverse ion density profile i5f the metal, respectivelyE; is the ionization potential
the PTSX device, which is essential for the study of beamsf the atom, andAE* is energy difference between the
mismatch and halo particle production, a laser-induced flground and metastable states. The quantijigsy;, and
orescence (LIF) diagnostic system is begin developed [5}; are statistical weights of the atoms, ground state ions,
Because the optical transition of barium ions is more releand metastable ions, respectively. Because of its higher
vantto LIF than cesium ions, barium ions have been chos&vork function, platinum is a more favorable choice for
as the preferred ion species. In this paper, the developmene hot metal plate than rhenium, which is widely used in
of the barium ion source and the installation of the LIF sysmany experiments where electrons are also present. For
tem are summarized, together with initial test results. 7" = 1000 °C, it is estimated that onl§.8% of the barium
ions produced by the hot plate are in fﬁeDg/z metastable
* Research supported by the U.S. Department of Energy state. Because the typical ion density in PTSX is about

t mchung@princeton.edu 10° particles’ecm?, the metastable ion density will be about




102 ~ 103 particleg’cm?, which is slighlty above the de-
tection limit of typical LIF diagnostics. Hence, suppres-
sion of background signals and sufficiently long integration
times are essential for meaningful data.

The design of the barium ion source is based on the com-
pact metal-ion source developed for heavy ion beam probes
used for plasma diagnostics [6]. The ion source is com-
posed of a beam material reservoir and metal ionizer. The
reservoir is a tantalum container, and the ionizer is a bun-
dle of fine platinum wires. The wire bundle is inserted into
the open end of the supporting pipe, and the vapor of the
beam material is ionized on the hot platinum wire surface
as it passes through the pipe. The temperature of the reser-
voir and the ionizer are controlled by adjusting the currentsFigure 3: Schematic diagram of the experimental setup.
of two independent power supplies attached to these com-
ponents. Initial bench-test results show that the ion beam
current can be increased up ta2 and can be kept stable collimated laser beam into a line with a uniform output
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Since the PTSX device manipulates the plasma using a
load-trap-dump cycle, there is a need for the laser beam to
be synchronized with the trapping cycle. A beam shutter
and shutter controller are employed for this purpose.

To suppress the stray light, i.e., the part of the incoming
laser light reaching the detection system through reflection
at windows and the vacuum vessel walls, an anti-reflection
coating is applied to the entrance window , and a stack of
razor blades has been installed at the beam exit. In addi-
tion, the line generator and beam shutter are enclosed by a
‘ ‘ ‘ ‘ ‘ light-tight aluminum box so that no background room light
0 ! 2 3 4 5 enters into the entrance window.
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Figure 2: Time evolution of the the beam current generated :
by the ion source, and temperature of the ionizer. -
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LASER-INDUCED FLUORESCENCE
DIAGNOSTIC SETUP

The laser used in this research is a Coherent 899-21 ring
dye laser that is optically pumped by an argon ion laser [7].
DCM dye is used with EPH solvent, giving output powers
of up to 800 mW at around 650 nm, appropriate for match-
ing the5?Dj 5 to 6P, transition. A Burleigh wavemeter
is used to measure the output wavelength, and the spec-
tral characteristics are monitored with a Fabry-Perot cav-
ity. An optical isolator is inserted in the beam path beFigure 4: Assembly of the optical fiber, line generator,
fore coupling to a single-mode fiber, which carries the lasdteam shutter, and x-y translation stage, which is enclosed
beam across the laboratory to the PTSX apparatus. TR¥ a light-tight aluminum box.
three-plate birefringent filter allows broadband operation
over approximately 2 GHz, which is nearly matched to the A Pulnix CCD camera with inverting image intensifier
Doppler width of the transition. captures the fluorescence image digitally and the trans-

At the fiber output, a commercial laser beam line genverse density profile can be determined from the intensity
erator has been installed to increase the detection voluro&the recorded image with suitable calibration and averag-
and fully utilize the available metastable barium ions. Théng techniques. The fluorescence light passes through the
line generator, which uses a Powell lens, transforms tHeinch OD hole in the electrode, a glass vacuum window, an




interference filter tuned to the wavelength of 8%, o, to  asS/N = /S, assuming the noisd is given by photon
6281/2 transition, and a 9 mm fixed-focal-length C-mountstatistics in the signal. For the typical operating parameters
lens directed towards to the CCD camera. A custom-maaé PTSX, the signal-to-noise ratio is estimated to be about
reentrant viewport has also been installed so that the ove&0, which is adequate.

all detection system has a wide field of view and covers the Since the plasma column is relatively uniform axially,
entire transverse dimension of the plasma column. adding the fluorescent signals along the axial direction and

The background of the observation path has been madwiding by the width of the detection volume will give the
to appear black by installing a so-called viewing dump. Imverage florescent signal for a given radial position.
order not to affect the performance of the electrodes, car-
bon particles (Aquadag) are applied as a coating. This coat- CONCLUSIONS
ing reduces the scattered light by two orders-of-magnitude. ) ) ) )

To estimate the background light level, preliminary mea- A laser-induced fluorescence diagnostic system is un-
surements have been made with the present cesium idgr development for the nondestructive measurement of the
source. The integration time of the CCD camera is set to§ansverse ion density profile in the PTSX device. The
ms, and the 10-hit A/D converter provides 1024 gray scaRccompanying barium ion source is also being developed
levels with 1008(H)< 1018(V) pixel resolution. This mea- With the goal of maximizing the metastable ion fraction and
surement shows that a glowing red-hot ion source can bdnimizing Fhe V|S|t_)le ra_d|at|0n. Since t_he density of _the
major source of background light. To deal with this prob{neta:stable ions vyhlch will eventually emit quor_escent I|g.ht
lem, a radiation shielding structure is being developed fd@ Very low, technical issues such as suppressing stray light

the new barium ion source design, and a narrower bandpa¥d data acquisition with long integration times must be
filer will be adopted. resolved to obtain meaningful data for the study of beam

mismatch and halo particle production.

The authors wish to thank Mr. A. Carpe for his excellent
technical support, and Dr. S. Paul for useful discussions
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heater currents for the cesium ion source: (a) | =0 A, (b)
=10.5 A (normal operating condition), (c) | =14 A (maxi-[

Figure 5: Images of the background light level for variouiZ]
mum current available). 3

SIGNAL-TO-NOISE RATIO ESTIMATE [41

The fluorescent signal is estimated from the equation [5]

Q
S~ n2A23VZnTnQTNT7 2
g (6]

where, S is the collected number of photoelectrons, the

density of excited state, is evaluated numerically includ- [7]
ing the net flux of ions into the detection volumé,; is the
spontaneous transition rat¥, is the volume from which
the signal is collected (assuming a volume element of 2.54
mm x 0.8 mmx 70 mm), and is the solid angle sub-
tended by the aperture stop in the collection optics. The
transmission efficiency of the collection optics (glass, fil-
ter, and lens))r is assumed to be 3%, and the quan-
tum efficiency of the intensifieyq is 15 % for 493.41 nm.
The duration of the laser pulse = 2 ms is matched to
the time required for depleting all of the metastable ions
in the trap, and the number of pulsesNs = 100. Since

the background emission from collisional transitions can be
neglected in PTSX, the signal-to-noise ratio is simplified

E. L. Foley, Development of the Motional Stark Effect With
Laser-Induced Fluorescence Diagnosti®h. D. Disserta-
tion, Princeton University, 2005).



