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Abstract

An integrating box was constructed for laser-plasma reflectivity
measurements. After careful calibration it proved to be a useful
instrument which can be applied simultaneously together with other
diagnostics. Measurements with gold and copper targets at different laser

wavelengths prove its applicability to laser-plasma interaction studies.
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Upon irradiation of a solid target by a focussed, high-intensity pulsed
laser beam, in general only a fraction of the incident laser light is
absorbed. The remainder of the laser light is reflected by the dense
plasma layer formed at the surface of the target with an angular
distribution which may comprise directional and diffuse components. In
order to establish the energy balance of the target it is therefore
necessary to integrate the reflective losses of laser light over a large
solid angle (up to 4m, depending on the type of target). For such
measurements an integrating or Ulbricht sphere [1,2] is a suitable device.
The target is positioned in its center and integration of the reflected
laser light over 4n occurs through multiple scattering between the
diffusely reflecting walls of the sphere; in principle the diffused laser
light can be measured by a single detector. This device has been used
before in our laboratory and elsewhere for absorption measurements in

laser-target interaction studies.

The ideal shape for an Ulbricht "sphere" is the closed, empty sphere
because it has the property that the light is distributed uniformly onto
its inner surface already after the first reflection from the wall.
Laser-plasma interaction studies, however, have additional requirements
which conflict with the ideal shape. In this report we describe an
Ulbricht "box" which despite its non-spherical shape still allows

absorption measurements with satisfactory accuracy.

A cylindrical shape with octogonal cross section was chosen for the
Ulbricht box as shown in Fig. 1. This particular shape is adopted to our
vacuum chamber. As in the vacuum chamber, any of the 8 side walls
(made of 8 mm thick Plexiglass) can be taken away to provide easy access
to the target. The box was made as large as consistent with the vacuum
chamber in order to avoid damage by the reflected laser light and to gain
space for the mounting of other diagnostic equipments (height 40 cm,
diameter 50 cm). Each wall element can be easily interchanged or modified
as required. The box has holes for the entrance of the laser beam and

diagnostics, comprising typically a few percent of its total surface.

The wall paint is a very important detail of an integrating sphere. The
requirements are unusually severe [2]. It should be a perfect diffuser,

reflecting light in accordance with Lambert's cosine law. Furthermore it



should be tenacious and somewhat elastic. The reflection factor should be
high for the laser wavelengths and not change with age. The high
reflectivity is crucial in our case, because of the non-spherical shape of
the box. In this case several reflections are needed to achieve a uniform
light distribution in the box.

The use of Eastman White Reflectance Paint [3] was found to be problema-
tic inside a vacuum chamber because it was not adhesive enough to the
wall. A special paint of OSRAM [4] appeared to be more suitable. A total
of eight layers of three different types are applied. The first two layers
are lacquer, followed by 3 priming layers. Finally three layers of the
finishing coat of OSRAM are applied. The finishing coat contains BaSO4,
similarly to the Eastman paint. The reflectivity of the paint is very high
and the dependence of wavelength is low, changing from 96 % to 99 % in

the visible and near infrared range [3,4].

Because the Ulbricht box is non-spherical, has holes and additional sup-
port structures inside (at least the target support)it was carefully tested

in order to establish its measuring accuracy.

The absorption coefficient of the paint and the dependence of the signal
on the position of the detector were investigated with the help of a He-Ne
gas laser (note that the paint is nonselective in the visible and near
infrared spectral region). The light of the laser was reflected by a
rotating mirror in the center of the box. The mirror was rotated around a
vertical or horizontal axis. The detector was a BPY 63 diode, situated at
different positions of the box. The linearity of the detector was con-
trolled with the help of neutral density filters with known transmission.
The absorption coefficient a of the wall (including losses through the

holes of the cube) was determined from the relation

P P, 1-a (1)

where PD is the power falling onto the diode, PL is the laser power, SD

and S are the surface of the detector and of the sphere, respectively. As



an average value over measurements at different positions we found
a = 0.076. The absorption coefficient a can be expressed in terms of the

mean number of reflections before a photon is absorbed:
N=— (2)

The measured value of a = 0.076 corresponds to N = 12. Note that a is
composed of the absorption coefficient of the paint ap and the losses
through the holes of surface SH, i.e. a = ap + SH/S. In our case we had
SH/S = 0.03 and hence ap = 0.046.

Because the Ulbricht box is used to measure the reflectivity of a laser
plasma with directional and diffuse components, it was tested not only by
rotating a mirror in the centre of the box but also by rotating a diffuse
reflector. A simple white chalk proved to be an appropriate diffuse
reflector. Placing the detector to different positions on the wall, the
locations were found to be equivalent with an error of + 5 % both in the
case of mirror and diffuse reflection (ignoring light reflected directly onto

the detector).

For laser-plasma experiments it is necessary to screen the detector
against direct light. The choice of position and size of the screen was
treated in detail by Rosa and Taylor [2]. They optimised the position of
the screen to make the screened area of the surface opposite to the
detector minimal thus minimally spoiling the spherical symmetry. In their
case the optimum distance from the centre of the sphere was calculated as
x = 0.387 r (r is the radius). The size of the screen should of course be

as small as possible.

In the laser plasma experiments, however, this way cannot be followed.
We want to protect the detector against light scattered by foreign bodies
inside the cavity, i.e. other diagnostic instruments, the lens projecting
the target etc. Therefore we adopted the arrangement shown in Fig. 2.
The detector was placed in a housing on the outside of the box. The
aperture in the wall of the box limited the viewing angle of the detector
such that it received light only from a screen which was painted white on
both sides. With this arrangement foreign bodies should not be brought

into the space bounded by the plane of the screen and the wall in order



to avoid illumination of the side of the screen facing the detector by
reflections from them. Tests were performed again with the rotating chalk
and with the detector at different positions. The measured variation of

the signal remained within + 10 %.

Target experiments are regularly performed in our laboratory using
300 ps pulses of the 1.33 pm fundamental and 0.44 pm third harmonic
wavelength of the Asterix Ill iodine laser. Therefore the Ulbricht box was
equipped with time integrating germanium APY 13 diodes for the 1.3 um
and silicon OSD 1/1 diodes for the 0.44 pm wavelength. Two pairs of
detector housings were mounted on opposite faces of the box as shown in
Fig. 1. Each housing contained three diodes with a common colour filter.
Each diode had different filtering; thus it was possible to make measure-
ments at the two wavelengths within a range of intensity of two orders of
magnitude without changing filters. The housings were situated in the
upper half of the integrating box to minimize effects of the target
support. The energy of the laser and the light reflected back through
the focusing lens was monitored at every shot. The light reflected by the
target is in what follows always defined as the sum of the light reflected
back through the lens and the light scattered into the integrating box.
The calibration of the diodes was performed by firing with the laser into
the box, when the target was removed from the center. The incident light
then hits the rear surface of the Ulbricht box. Care must be taken to
avoid errors caused by plasma production and damage of the white re-
flectance paint. The large size of the box made it possible to fire directly
to the back wall without damage. The maximum intensity on the wall was

0.6 GW/cmz. Linearity was checked up to this intensity.

Finally a last test of the integrating box was executed with an attenuated
laser beam, a chalk as target (but out of focus, so that no plasma
appeared) and with different angles of incidence. The largest difference
between the detectors on the two sides occurred at an angle of incidence
of n/4. The mean value of the two detectors was even in this case in
good agreement with the wvalue measured by the incident laser energy

monitor even though the deviation of a single detector was 15 % from it.

This measurement was made with the usual installations in the box (target

holder, projecting lens). Tests showed that it is important that these in-



stallations are painted white, too; otherwise drastic asymmetries may
occur. Moreover the box should be always recalibrated when new
diagnostic instruments are put into it, or when new diagnostic holes are
drilled into the wall. Figs. 3-5 show the results of some absorption

measurements made with this box.

In Fig. 3 measurements made at A = 0.44 pm using gold targets are
compared with earlier measurements made in our laboratory using an
integrating sphere [5]. The error bars show the estimated instrumental
error of the individual shots. The agreement with the earlier measure-

ments is satisfactory.

Fig. 4 shows measurements made with gold targets at the fundamental
wavelength of A = 1.3 um. Absorption is rather independent of intensity
and, at the lower intensities, less than the absorption measured in Ref. 6
at the Nd-laser wavelength of A = 1.06 ym and 500-700 ps pulse duration.

Fig. 5 shows similar measurements at A = 1.3 ym made with copper

targets.

We conclude that the integrating box, though a compromise, can be used
for laser-plasma experiments. As mentioned above care must be taken in
the calibration of the box and the signals of at least two suitably placed
detectors should be averaged. Test results are in agreement with earlier

measurements.
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1.) Schematic drawing of the integrating box.
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2.) Detector housing with the white painted screen against direct light.
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The dependence of absorption on laser intensity for gold targets.
The crosses are taken from [6] at A = 1.06 pm, whereas the empty

circles are our measurements at A = 1.33 pm.

80 -

32 60 -

c §

3 40F ? 1

a by

S 201 } % :
102 10" 10 10'S

5.)

incident intensity (Wem™?)

The dependence of absorption on laser intensity for copper

targets at A = 1.33 pm.






