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Several previous talks have emphasized the need of experimental data for
the designing of gas neutralizers. We have started a project aimed at
measuring all relevant cross sections for the charge exchange of H™, H® and
H* projectiles, as well as the cross sections for the production of fons in
the target. The expected results of these latter neasurements are shoun
- schematically in Trangparency No. 1. Each square in the table represents a
full charge state distribution of recolling lons in coincidance with the
colliding hydrogen ion of given incoming and given outgoing charge state.
The diagonal elements represent cross sections for production of receiling
ions with different charge states in collisions where the projectile does
not undergo a charge exchange.

The results of these experiments will give important information on the
following questions:

1. Absolute values and anergy dependence cf stripping cross sec-
tions for H~ and H® are sorely needed for the accurate design of the gas
neutralizer.

2. The total charge produced in the target and its distribution
is a critical input for the calculation of the plasma density and the de-
termination of 1its effest on beam divergence (see preceding paper by A.
Sonin and C.C. Lin).

3. Since the experiments will be performed on many gases, differ-
ences in both neutralization efficiency and plasma production can ba de-
ternined, providing an ifmportant input to the final choice of the neutral-
izer gas.

4. The cross sections for ion production without projectile charge
exchange for H~ and H* will give indirect but important information on the
contribution of such collisions to bean divergetice, a factor which, due to
lack of informstion, has been disregarded in theoretical calculations.
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The experiments will make use of two unigque BNL facilities. The first
stage of experiments will be performed at the MPH Tandem Van de Graaff
accalerator. This accelerator is equipped with a source at the high energy
terninal and can be run at negative voltage. As a result, negative ions
(including H™) can be produced and accelerated tc energies of 2-10 MeV. 1In
the next stage, the experiments will be performed at the 200 MeV BNL Linac.

The location of the B™ source and the beam path ars shown in Trans-
pateacy No. 2 which is a schematic of the BNL double-Tandem facility. Trans-~
parency No. 3 shows a schematic of the experimental beam 1ine. Gas cell 1
i3 for the production of positive lons or the reduction of the H™ beam in-
tensity, gas cell 2, in conjecture with the first deflactor, results in the
production of a neutral beam. The position of the first deflector and the
anti-gcatter collimator have been interchanged in the actual experiment.
Also, the first deflector deflects in the horizontal plane while the second
one deflects in the vertlcal plane.

Transparency No. 4 shows in more detall the target area, including the
recoll time-of-flight (RTOF) spectrometer. The electrons and lons produced
in the gas are extracted by two grids, designated + and -. The electrons
impinge directly on a wmicrochannel plate detector (MCP), while the ions
first pass through a specially designed drift space. Thus, the time of ar-
rival at the MCP uniquely determines their charge state. The recolling lons
are detected in coincidence with the electrons and the different charge
states of the emerging projectiles.

Trangparencies Nos., 5 and 6 are photographs of the beam line during a
preliminary run. Transparency No. 7 1s.a photograph of a phosphor screen
situated in the beam path (the viewer in transparencies 5 and 6). Oparating
both the pre- and post-deflectors and choosing an appropriate pressure in
the neutralizer gas cell, all three componeats , H® and 4™ could be
obtained in comparable intensities and separated both horizontally and
vertically.

Transparencies Nos. 8 and 9 display the available experimental cross
sections for the one-electron and two-electron stripping of H . The circles
tepresent our preliminary vesults at 2.5, 5.6 and 8.0 MeV. The two ad-
ditional data points for N, and Ar target gases are from two different
sources in the 1literature, one at 10 MeV and the other at 14.6 MeV.
Although there seems to be some systematic problem ian our preliminary data,
the data points seem to follow the 1/E dependence predicted by the Born ap-
proximation for stripping cross secticns im this energy region, as shown 4n
the transparencies for the N, target.

Transparency No. 10 displays the stripping cross section of the H® pro-
Jectile. Here some more data points are available in the 1literature for N,
and Ar targets. The circles represent our preliminary results. Again 1t
can be seen that the N, data points seenm to follow the 1/E 1line, to the
available accuracy. However, surprisingly, the Ar data would be in much
better agreezent with a 1/E0.% 1ine. Considering the quality of the
available data, this may be a spurious occurrence, but clearly more
teasurements are needed.



Transparency No.ll displays the neutralization efficiency as a function
of projectile energy. The nentralization efficiency 1s defined as the
maximum neutral fraction obtalinable, using a target of optimum thickness,
and is calculated from the previous cross section. The data points
represent our results {circles) and other results for N, and Ar, and the
dotted line represents data from literature for H, target gas. The
dependence of the efficiency on both target gas and projectile energy is
very weak. Still, the efficiency scems to decrease slightly with the
increasing atomic number of the target gas. Since the use of wvery light
targets, such as H,, does not appear to be practical we have decided to
include in our future studies gases with relatively iarge melecules of low=2
atoms, such as hydrocarbons. Alsoc, when trying to extrapolate to a
projectile energy of 200 MeV, one would tend to draw a slightly declining
curve, arriving at an efficiency value of about 45%, which 1s considerably
lower than the presently accepted 57%. Apain, this might be just an
artifact due to the scarcity of available data and further measurements are

necessary.

After performing the prouposed experiments on the Tandem Van de Graaff
accelerator, the following steps are plaaned:

l. Linac Experiment. The whole apparatus for the detection of the
recoils can be transferred without changes from the Tandem to the 200 MeV
BNL Linac. The charge separation and detecticn of the projectiles at the
Linac are also feasible. Thus, since the experiment can be performed at
several energies, interpolation and extrapolation to any relevant energy is
possible.

2. Ejected electron spectroscopy. The average kineic energy of the
ejected electrons and their distribution 1is the crucial factor in de~-
termining the expected charge imbalance in the target plasma (see preceding
paper by A. Sonin and C.C. Lin). The electron spectrum can readily be
wmeasured in both the Tandem and Linac experiments by adding an electron
spectrometer to the available setup.

3. Charge production im thick targets. A&ll previous measurements
are to be performed on thin gas targets in order to measure accurate cross
sections. However, additional target ions can be produced in thick targets
by the electrons ejected 1in primary collisions. Also, the energy
distribution of the electrons will change in a thick target due to their
frequent collisions. It 1is thus proposed to develop a thick pgas target,
where these effects can be measured.
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This ceport was prepared as an account of work sponsored by an agency of the United States
Government. Neither che United States Government nor any agency thersof, nor any of their
employees, makes any warranty, express or implied, or assumes any jzgu liability of responsi-
bility for the accuracy, completeness, or usefulness of any information, upparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights, Refer-
ence herein 1o any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply s endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed hercin do not necessarily state or reflect those of the
United States Government or any agency thereof.



TRANSPARENCY NO. 1

out -4 O 1
V N

—4 | Co-a(9) ...
A Car8) ol G5

N
9, (:‘,o(%) \60: g(a G;,o(?r)

74 N\

A |GG g )Gl

9 Recoil change
ctate o
Ais il tions é




TRANSPARENCY NO. 2
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"TRANSPARENCY NO. 4
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TRANSPARENCY NO. 8
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TRANSPARENCY NO. 9
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TRANSPARENCY NO. 10
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TRANSPARENCY NO. 11
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