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Introduction and basic concept

We developed a new time-of-flight spectrometer
allowing to measure both energy and angle in one
shot. The electrostatic lens system of the
hemispherical analyzer PHOIBOS is used to achieve a
high acceptance angle of up to +/-15° By simulatin g
the trajectories of the particles, the flight time and the
position on the detector iIs mapped to the Kinetic
energy and the emission angle of the particles.

e 15°acceptance angle
« Energyrange E,;, + 1/20 E

Low Angular Dispersion

e /°acceptance angle
« Energyrange E,,, +1/10 E

High Magnification

E,.., IS the kinetic energy of the electrons at emission,
IS their energy on the detector, which can be
chosen between 0.05 E,;, and 1000 E,;, depending on

E

pass

o Spatial image of the sample, 10x magnification

« Energyrange E,;,+ 1/10 E

the lens mode.

e length (drift tube) 880 mm
« diameter (detector) 40 mm
e working distance 52 mm
(with microtip 2 mm)
o detector resolution 1024 x 1024
 time resolution < 100 ps

First results and characterization

To characterize the spectrometer we are using a Cu(l11l)-sample, for which the band structure and the
surface states are well known. By measuring the kinetic energy of the electrons with respect to the emission
angle we have verified the angle and energy calibration of the analyzer. Furthermore, we determined the work

function difference between sample and analyzer.

The detector was supplied by Surface Concept GmbH and is commercially available. The maximum
achievable count rate was only limited by the laser power, as the detector showed a linear behavior up to 140

The most common spectrometer modes and their
characteristics:
Wide Angle mode

pass

pass

pass

kHz count rate at 200 kHz laser repetition rate, despite the multi-hits expected after Poisson’s law.
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left: Cu(111) band structure with excitation path; right: Cu(111)

spectra recorded with the hemispherical analyzer PHOIBOS,
(Ch. Eickhoff, see talk O 46.6)
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upper panel: Series of measurements with
different voltages on the sample, yielding
the work function difference of about 0.58 +
0.02 eV

lower panel: Intensity of the Shockley
surface state (upper line) and the first image
potential state (lower line) plotted against
relative laser intensity, P..,= Py, Pi
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Computer simulation

We solve the Laplace equation

O = 0 (with electric potential )

numerically on a cylindrical grid with the lens geometry as boundary
conditions. Due to the linearity of the Laplace equation, we need to
solve for each lens element only once, and can later quickly calculate

the linear combination for each lens mode.

We use the symplectic Euler integration
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upper panel: Typical time-of-
flight spectra recorded at
normal emission £1°and
deduced energy spectra,
measured in normal emission
lower panel: Electron
distribution on the detector for
the marked energy range (left
picture) Shockley surface state
(right picture) inner circle :
Shockley surface state (n=0);
outer circle: n=1 image-
potential state

left panel. Spectra for different polar angles on a lateral cut through the cylinder right
panel. Electron distribution on the same cut; red and green are the fitted parabolas with

effective masses m*(n=1) 0.4 and m*(n=0) 1.1. UV:4.68 eV (265 nm), IR: 2.10 eV

(590 nm)
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Vil = Vi — E?iﬁ(rﬂ)&t
nt1 = Tn + Vammm\

to calculate the trajectories
of a random sample of
electrons. The step size is
automatically adjusted to
give one sampling point per
grid point of the electric
potential.

Through the resulting
guadruple of energy (E),
emission angle ( ), flight
time (t), and axial distance
(r), we fit two fifth-order

splines using Dierckx’
algorithm to get an
approximation for E(t, r) and

(t, r). These are used to
invert the experimental
data.

upper panel : Field distribution
and electron trajectories for the
wide angle mode (E,;,=1.5V,
Epass=19 V).

middle panel. Distance to axis
vs. time-of-flight map; Energy-
Isolines are horizontal, while
angle-isolines are vertical. The
measured electron intensities
are plotted in false color (blue
for low, red for high intensities).
lower panel: Energy vs. angle
map resulting from inverting the
electron trajectories

numerically.

3D-plot of the emitted electrons, a corner is cut out for better view



