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Today’s, modern hemispherical deflector an-
alyzer (HDA) is equipped with a multi-element
zoom lens and position sensitive detector (PSD)
[as for example in Electron Spectroscopy for
Chemical Analysis (ESCA)] and therefore enjoys
a very large collection efficiency. The zoom lens
focuses the source electrons into the HDA en-
try, thus increasing the overall collection solid
angle. Pre-retardation, also supplied by the lens,
is used to further improve the overall energy res-
olution of the entire spectrometer by decelerat-
ing the particles from an initial source energy T
down to a much lower energy t just prior to HDA
entry.

Recently, we have presented a simple method
for obtaining the theoretical ultimate resolution
and associated linear lens magnification of the
combined lens-HDA spectrometer [1] under the
constraints of the Helmholtz-Lagrange law for
conjugate object-image pairs. Our results are
practical as they are analytic, giving the mini-
mum resolution at the optimal magnification, in
terms of basic experimental parameters. Our for-
mulation can be readily used in the design and
performance evaluation of such a spectrometer.

A schematic of the relevant geometry is
shown in Fig. 1. The drawing has been sim-
plified by approximating the (thick) lens by a
thin lens. The vertical dimensions are particu-
larly enhanced. The depicted lens represents a
generic lens substitute of the more complicated
multi-element lens used in typical ESCA setups.

Here, we report further on our recent results.
Our method can in principle be extended with
some modifications to include all particle spec-
trometers utilizing a virtual entry slit whose size
is controlled by a cylindrically symmetric lens
and should therefore be of general interest to the
spectroscopy community at large.
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Fig. 1. Schematic geometry of typical
lens-HDA spectrometer. The object di-
ameter dS is focused by the lens and im-
aged onto the HDA entry plane as ∆r0 =
|ML|dS . Pre-retardation changes the en-
ergy of the central ray from W at the
source to w just prior to HDA entry.
For zero beam angle, the pencil half-angle
∆αS , defined by the entry pupil, is related
to α?

m, via the Helmholtz-Lagrange law,
dS ∆αS

√
W = ∆r0 α?

m

√
w [1].
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