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Glass slits for collimating particle beams
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We report here on the construction and use of a pair of matched glass collimating slits which are
suitable for molecular beam work. These glass slits transmit nearly-86%) of an incident laser
beam. Additionally, these slits are matched to better than 5xh0at a gap size of 20@m.
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I. INTRODUCTION physical properties of clusters. More recently, a dual-valve
source was designed by Smalley and co-workets pro-

The scientific goal of our experiments that require glassiuce even more efficient cluster cooling. In this source, ma-
slits is the measurement of alternating current polarizabilitieserial is ablated along the direction of the molecular beam—
of clusters. To measure ac cluster polarizabilities, we need teee Fig. 1. Two opposing gas jets increase the local gas
generate and collimate a dense beam of cold clusters. Thdensity at the ablation poirthigher than that of the single-
glass slits reported here were critical in our ability to gener-alve sourcgand thereby increase the amount of collisional
ate and collimate this beam. For example, these slits madepoling for the newly ablated clusters. This source has been
possible our recently reported measurements of the polarizhown to provide higher densities of clusters on-axis, as well
ability of Cgo.> The purpose of this article is to describe the as a marked decrease in cluster temperatures. Note that this
design, construction, characterization, and performance afource requires focusing the ablating laser light over 1-2 m

these glass slits. so that the focal plane is within about 10 cm of the target
Molecular beams are typically collimated by a pair of (and close to slit No. 1 in Fig.)1
well-aligned metal slits along the molecular beam dgig., Needing to make use of the higher cluster density and

see Ramsey's bogKk However, we need to collimate par- cooler temperatures made possible by the dual-valve source,
ticles along a well-defined axis as well as counterpropagate/e began to investigate the amount of laser light transmitted
focused laser light along the same axis—see Fig. 1. Lasealong the cluster beam axis with traditional metal slits. We
light must be counterpropagated down the cluster beam axi®und that before even a modest fluence of 200 m3/ain
in order to generate cold clusters using a supersonic lasdaser light could be passed through the pair, the metal slits
ablation source. began to be damaged. Most laser ablation experiments re-
Supersonic cluster sources based on the design proposgdire a fluence of at least that amount, so clearly traditional
by Kantrowitz and Graywere attempted in the early 1950s razor slits are not suitable for the task.
by Kistiakowsky and Slichtet A few years later, Becker and We report a slit design which easily transmits more than
Bier’ successfully achieved the high molecular beam inten400 mJ/crf per pulse from a 532 nm yttrium—aluminum—
sities predicted by Kantrowitz and GrdyAn interesting de- garnet(YAG) laser wih a 7 nspulse width without any
scription of the early history and development of supersoniwisible damage to the slits. The construction of these slits
nozzle beams is given by Andersdriihe earliest seeded proved pivotal in a recent polarizability measurement.
supersonic sources were oven pickup sources, where the ma-
Fe_rlal to .be cooled was genergted in an effusive oven a}nﬂ_ DESIGN/CONSTRUCTION
injected into a channel along with a high pressure of carrier
gas, for instance helium. Here, collisions with the carrier gas A pair of matched glass slits were made, with the design
serve to cool and, in the case of clusters, condense the mas shown in Fig. 2. The glass slits are shown in the diagram
terial. This mixture is then forced through a narrow throatso that it is easy to observe the polished edge of the slit
and expanded supersonically into vacuum. Almost any matouching the carefully ground slit wall. The actual slit hold-
terial, including refractories, can be cooled and condensedrs had mounting holes near the corners that are not shown in
into clusters through the use of laser ablation. Much of therig. 2. These holes are omitted from the diagram because
work in laser ablation supersonic cluster sources was pictheir size/location is irrelevant to the design and were spe-
neered by Smalley and co-workers in the early 198@8sre  cific to our implementation. Also note that the overall dimen-
the important difference is the replacement of the effusivesions depicted in Fig. 2 were suitable for our implementation
oven with laser ablation of a target consisting of the desireaf the slit holder. For the slit holder it is critical to carefully
material. Early experiments were done with a single-valvegrind the slit wall and to carefully deburr all machined/
side ablation sourc®In this implementation, the target ma- ground surfaces. Also key is that the slit wall actually drops
terial enters the source in a direction orthogonal to the finabelow the surface of the holder as shown in Fig. 2. In our
direction of the cluster beam. Many investigators have  experiments, the two slit assemblies were separated by 1 m,
used intense, cold particle beams to investigate variouand each assembly was mounted on transverse rails, so each
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Slit #1 Slit #2 laser's pulse width was 7 ns, so we needed to identify a
material that could pass a reasonable fluence of at least 300—
400 mJ/crA and retain a clean and straight edge. Different
plastics were tried with varying degrees of success. The more
promising of these were clear poly vinyl chlorid®VC)
(which damaged at 100 mJ/émrand clear Plexiglagwhich
damaged at 110 mJ/én Also, we tried various plastic
sheetgsuch as mica and acetatut these damagddelted,
FIG. 1. A sketch of the experimental apparatus. A solid target is ablated bformed color centers, ejcat even lower fluencebout 99
absérﬁing the light pulse f?om a Nd:YEg Ias@réquency doSbIed to pro- %chnf) or V_Vere_ unable to hold an acceptable edge. After
duce 532 nm light The laser light is incident from right to left in the figure, these investigations, we concluded that only glass could pass
and must pass through both of the slits to reach the target. Ablated particlesnough light and maintain useful edge quality.
from th_e target are_then mixed \_Nith helium gas and then must travel from A common source of thin glass available in the labora-
left to right in the diagram, passing through the two slits. . . .
tory is microscope cover slips. These proved useful, but care-
ful examination of the normal “from the factory” edge re-
slit position could be adjusted and so each slit could berealed many rough edges and microcracks. Attempts were
moved out of the way to allow a larger number of clusters tomade to polish the edges one at a time, but the cover slips
be temporarily transmitted for setup and calibration pur-proved too fragile and we subsequently polished the slips in
poses. lots of 75 or more. Since cover slips are quite inexpensive,
All dimensions of the slit holder were carefully cut to this was a reasonable approach. Though breakage occurred,
their respective dimensions on a milling machine with thethere were still many usable cover slips from each batch.
exception of the slit wallsee Fig. 2. The slit holder was Cover slips prepared in this way were used in our experi-
removed from the milling machine when the slit wall had 5 ments. In addition, we were able to have a similar stack of
mil (0.005 in) of material left on either side. At this point, cover slips commercially polished 2.
the pair of slit holders were moved to the grinder where the  The slit edges produced “in house” were polished using
precision edge was ground. a homemade jig on a milling machine. The polishing jig
The slits themselves were the real challenge. The slitsonsisted of a 1/2 in. aluminum plate 6 in. in diameter. A
are constructed using edge-polished microscope cover slipshort rod was attached to the center and a cylindrical cover-
The ablation laser light was frequency-doubled Nd:YAG at aslip holder was attached to the outer edge of the disk. Begin-
wavelength of 532 nm. The laser rep rate was 10 Hz and theing with open coat sanding papers of 600, 1200, 2000, and
2500 grits, the cover slips were rid of all rough edges and
light can pass gouges. Extgnsive polishipg was done yvith a polishing slurry
iy whese inside of cerium oxide and a polishing pad affixed to the bed of the
this circle milling machine. Slips for the holder were selected on the
7 7 , // Eneilzizsiza careful examination of the edge undgR@x)
’ pe.
/ p Selected slips, cleaved to the appropriate dimensions by
A use of a diamond-tipped pen, were carefully attached to the
slit holder with vacuum epoxy. After assembly, contact of
each slit with the holder edge was carefully checked along its
length before, during, and after the epoxy cured.
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' N /' I1l. PERFORMANCE

' ' ‘4\3\ Final evaluation was done by measuring the diffraction
' ; . pattern of each slit using a 10 mW helium—neon laser beam.
" ' ' 90° The pattern produced by each set of slits on their holder was

\ ' %"Coverslip on the same holder. Information gathered from this analysis
pointed out any problems that might force us to reject that
| . .
0.125 T | particular slit. Problems such as curvature, uneven gap, or
f / chipped/frayed edges were easily identified by this means.
Also, the diffraction pattern was used to provide us with a
precise measurement of the width of the slit. Various
FIG. 2. Precision ground flat slit. Note that the héthaded grayhas a ~ matched and mixed slit sets were made, with the mixed set
diameter of 0.625 in., the slit wall height is 0.007 in. above the top of theysed in the actual experiments having measured gaps at
base, and the width of the slit wall is 0.009 in. These labels have bee + + ; ;
omitted for the sake of clarity. The glass slitsrosshatched objegtare '?OZ,LLm_S_,um and Z.SQLm_B/'Lm' A typical pair of
glued to the slit holder and one edge of each glass piece is made flusfatched slits, ground in tandem, were measured to match to
against the slit wallsee lower figurp better than 5—-1Qum.

' ' Glass \ compared to the pattern produced from a razor blade slit set
'
]

Slit Wall
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