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FIG. 1. Idealized (a) and experimental (b) cusp fields with
adiabatically varying downstream drift regions.

ticle energy, p, will be greatest when Vg, is exactly eq-
ual to the threshold velocity for transmission through
the cusp and subsequent drift to the point z, in the down-
stream field. This threshold velocity is found by setting
V., =0in Eq. (2), and, assuming the particle motion in
the downstream field is adiabatic, yields an expression
for the maximum particle off-centering (R,y,,) in the
downstream field,
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In the manner described previously, this analysis may
be used to construct a theoretical picture of the beam
cross section as a function of time a distance z, down-
stream of the cusp transition. The time-of-flight from
the cusp transition to the downstream observation point
is given by
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FIG. 2. Predicted arrival time of electrons at the observation

point (z9=25 cm) downstream of the cusp transition plotted as
a function of the downstream offcentering of particle orbitals
Ry, for several different electron energies. The observed
beam envelope is shown to the same scale.
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FIG. 3. Predicted and observed beam envelopes for constant
B aad three different axial positions.
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where v,, is given by Eq. (2). If the departure time of
an electron from the cusp transition is denoted by ¢,
where £, is determined empirically from the diode volt-
age waveform, then the electron will arrive at the obser-
vation point downstream of the cusp at a time given by
t=t,+1;. Plots of this arrival time as a function of the
downstream off-centering R, = plb'” 2 (normalized to 7,)
for z¢=25 cm (at this point, b=1.05) and several differ-
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FIG. 4. Plot of the theoretically predicted and observed maxi-
mum downstream off-centering of particle orbits as a function
of applied magnetic field. Also shown is the axial compo-
nent of the self-magnetic field of the beam as a function of
applied magnetic field at the same axial position,

Research Notes 1821



ent electron energies have been constructed for By= 1200,
1300, and 1375 G, and are shown in Fig. 2. As no re-
strictions have been placed on the possible magnitude of
p; on the diode side of the cusp transition, other than the
requirement that p,w. not exceed v,, the actual experi-
mental data can be expected to lie somewhat inside the
general profiles shown providing that the electrons fol-
low single particle dynamics. Experimental results ob-
tained using the scintillating rod technique described
previously® are shown in the same figure for comparison.
Similar experimental and theoretical downstream beam
profiles have been constructed for the cases B,=1200 G
and z,=36, 46, and 56 cm (corresponding to =1.10, and
1.20, and 1.35, respectively) and are shown in Fig, 3.
Given the assumptions made in the first-order theoreti-
cal analysis, the experimental results are in reasonable
agreement with theoretical expectations.

The maximum theoretically predicted beam width at
the observation point is given by Eq. (3). Actual exper-
imentally measured beam widths at any point in the down-
stream field can be expected to be less than or equal to
this maximum value if the effect of the self-fields of the
downstream beam on the particle dynamics can be ne-
glected. Figure 4 shows this maximum beam width
(normalized to 7,) at z,=25 cm as a function of magnetic

field for a 2,08 MeV electron beam. The actual peak
diode voltage in the experiments was in the range 2, 05
—-2.10 MV. Experimental data for the same conditiong
is shown for comparison. Also plotted in this figure ig
the ratio of the beam self-field (self-B,) on axis to the
exte.rnally applied field as measured with a fast integrat -
ed B probe. It can be seen that good agreement with the
single particle theory can be found only for the case
where the beam self-field is small compared with the
applied field. Theoretical and experimental studies of
the beam behavior under conditions where the self-fields
of the beam are comparable to the applied fields are
currently in progress.
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