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Abstract

An experiment investigating direct nuclear pumping of a gas

laser using argon as lasing medium is described. Results show

that light output in form of a directional beam was obtained.



INTRODUCTION

The term "nuclear pumped laser" is used here to refer to a gas

laser, excited by nuclear reaction products only and directly, without

using any additional electrical, optical or other source for exci-

tation.

The most obvious choice of nuclear reaction products are fis-

sion fragments from thermal fission.reactions and to a lesser extent
o

protons and tritons from the He (n,p)T reaction. Other choices are

possible.

The fission fragments, being fast heavy ions are expected to

interact with the laser gas in a way that the gas is ionized and

excited.
v The actual population inversion could be achieved either by exci-

tation caused by fission fragments directly or by.electrons, which

obtained their energy from the fission fragment in an indirect way.

The problems of obtaining nuclear pumped laser action have been

described in a previous publication [1] and shall not be repeated here.

The physics of interaction of fission fragments with the laser

gas, has been described by several investigators [2-23]; however,

the state of the art is not advanced sufficiently to make it possible

either to prove or disprove the possibility of nuclear pumping relying

on theoretical consideration only.

In this report an experiment is described which was undertaken

with the goal to demonstrate feasibility of nuclear pumping.



EXPERIMENTAL DEVICE

Figure 1 shows the laser cavity, used for the experiment described

in this report. The plasma generation section is 91 cm long and con-
235sists of a 12-mm O.D. Vycor tube coated on the inside with U3 Oo.

The thickness of the U^CL coating was chosen to be about equal to the

range of a fission fragment. The cavity is basically a hemispherical

configuration, consisting of an optical flat mirror nearly 100 percent

reflective from 4500 to 6500 A and a spherical mirror with a 200-cm

radius of curvature and 95 to 99.5 percent reflective from 4500 to
o

6500 A. The cavity length of a first device was 199.5 cm, just inside

the stability length of such a configuration. This length was used

in order to obtain the largest possible volume in the optical cavity.

A second device (a modification of the first) had a cavity length of

110 cm and was easier to align and more stable. The cavity shape,

design, and spot sizes at critical distances are detailed in Figure 2.

The rigid aluminum outer shell is the optical bench for the mirror

mounts and the entire structure was placed inside a protective 9-foot

tube (1 7/8" O.D. and 1 5/8" I.D.).

The length of this tube was determined by the design of the

reactor used for this experiment. It allowed to place the laser cavity

between the fuel boxes of the reactor. At this location the cavity was
11 2exposed to a neutron flux of about 3 x 10 n/cm sec.

Gas pressures of 100-200 torr (argon) were used. An estimate of

possible power output from the laser can be made as follows: A neutron
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11 2flux of 3 x 10 n/cm -sec will give a total energy deposition in
9 2argon of about 3 x 10 MeV/cm sec assuming a gas pressure of 150

torr. The cylindrical foil has a diameter of 1 cm and a length of

91 cm; therefore, if the total volume could be used as a laser

cavity, a power deposition of .137 watts could be expected. For an

optical cavity of as small as 4 mm in diameter, a power deposition of

52 milliwatts would be achieved in the cavity. In order to estimate

if this would be sufficient to overcome threshold, the following assump-

tion can be made. An a=0.025 gives a free photon lifetime for the
-8cavity t =1.2 x 10 sec. The minimum population inversion required

would be 0.75 x 10 cm"3 (with A = 0.79 x 108sec"1). The.minimum

pumping power would be 35 milliwatts, which compares with 52 milliwatts

of power deposition. Since this excess power has to be used to over-

come all other losses not included in a=0.025, it is obvious that any

output observed would be expected to be minimal.



RESULTS

The laser was placed in thermal column of the University of Florida

Training Reactor. At 100 kW reactor power a red glow was seen viewing

at a distance of 7 feet. The blue component of the plasma was blocked

by the 97 percent reflectivity of the mirror in the blue region.

No indication of lasing was seen.

Since the available thermal neutron flux in the thermal column

was low over the length of the foil section, the second device (a

modification of the cavity length of the first device from 199 cm to

110 cm) was placed in the center vertical port where the neutron flux
11 2is much higher (3 x 10 n/cm sec). The results at this location were

very encouraging.

v The following observations were made:

1. A blue-green spot was observable by the eye, but only

when the eye was positioned in one exact location.

2. The spot was very bright compared to the hazy blue back-

ground. This is quite different than the dim red out-

put observed when the laser was in the thermal column.

3. A phenomenon called "laser speckle," which is seen by the

eye and is associated with all visible laser light, was '

definitely in evidence. This effect is due to the inter-

ference fringes around a coherent beam of light.

4. The observable spot was in the blue-green region where the

laser output mirror is 97 percent reflective.



5. The photographs in Figure 3 indicate that there was a spot

or columnated beam at the 16-foot location. These plates

were taken without any lenses or filters between the laser

and the film surface. Plate A shows the output at the 7-

. foot location without the output mirror mounted on the

cavity. Plate B shows the output at the same location with

the output mirror in place. Plate C is a photograph of the

output at the 16-foot position. Note the small spot

(circled) with a diameter of 2.5 mm. Plate D was produced

at the 16-foot position from a mockup of the laser experi-

ment. A tungsten filament lamp and diffuser replaced the

bottom mirror and the top mirror was removed.

The output from the device was decreasing rapidly when Plate C

was taken, and a later photograph showed nothing. The spot on Plate

C was located in the same position that an observer's eye had to be

in order to see the blue-green spot.

If one assumes the device was not lasing, the following items

would result:

1. Laser speckle would not be present.

2. The beam at the 16-foot distance would be collimated by

the chamber wall dimensions to a spot about 4 in. in diameter

(See 3, Plate D).

The output faded so quickly that neither spectroscopic measure-

ments were made, nor coherence or single wave length output could be

verified.
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If lasing is assumed, the spot size at 16 feet (Figure 3) would

be approximately 3.24 mm. The spot size on Plate C of Figure 3 is

similar in diameter (2.5 mm). Due to the low output of the system the

edge of the measured spot may not have been recorded on the film.

Upon removal from the reactor and disassembly of the chamber,

the pungent 'odor from the chamber indicated the breakdown of the

small amount of-silicone sealer that was used to fix mirror alignment.

The output mirror coating had been destroyed, probably by the chemi-

cal effects of the silicone sealer products. This explains the loss

of photon output.
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CONCLUSIONS

An experiment investigating nuclear pumping was performed.

Light output from a laser cavity using an argon fill was obtained.

The beam obtained was photographed and had a diameter of about 2.5 mm

at a location 16-feet from the laser cavity. Since neither gain

measurement nor spectroscopic measurement were performed, a claim to

have achieved nuclear pumping is not made. However, the observed

facts indicate that it is very likely that lasing occurred.
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