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T HE energy output of ruby (Cr3+ in Ab03) laser crystals 
operating at a given energy input level has been significantly 

increased by the effective use of gamma irradiation. 1 Investigations 
of the effects of gamma rays on ruby crystals were initiated be
cause it has been known for some time that the fluorescent and 
phosphorescent transitions of many crystals are considerably 
enhanced by either x- or gamma radiation. In particular, some 
crystals which do not fluoresce appreciably when excited with 
visible or ultraviolet light sources are found to fluoresce brilliantly 
with the same light source after prior irradiation with x- or 
gamma rays.z 

After the irradiation of laser quality ruby crystals with a 
dosage of the order of 15 000-30000 R of 60CO gamma rays3 it 
was found that: (a) while the ruby transmission spectrum was 
considerably changed below 550 mj.L, the primary pumping bands 
(",,550 and 400 mj.L) for the ruby R I and R z levels as well as the 
region of the spectrum containing the R, and R 2 levels themselves 
were comparatively unchanged; and (b) the ruby exhibited a 
rather brilliant initial phosphorescence in the immediate region 
of the R, and R z lines which decayed over a period of several 
hours after removal from the irradiation facility. 

The work of Levy,' as well as that of Hunt and Schuler,' dis
cusses the absorption bands of AI,03 crystals produced by gamma 
irradiation. In particular Levy found that the formation of centers 
created by gamma irradiation produced at least two additional 
absorption bands in the region of 405 and 227 mj.L, which have fuJl
widths (at half-maximum) of approximately 210 and 50 mj.L, re
spectively. These radiation-produced absorption bands are suffi
cient to account for the observation (a) above. While the nature 
of the centers producing the additional absorption bands is not 
well understood,' it is known that energy can be stored in these 
centers and be emitted, as observed in (b) above, either as a 
phosphorescent after glow or by light stimulated luminescence.7 

Since for ruby this energy is transferred to the lasing levels by 
w hat appear to be nonradiative energy transport processes, the 
effects of this energy storage mechanism on the energy output of 
the laser became the object of a series of experiments. Typical 
results of these experiments are summarized below. 

Commercial ruby laser crystals (with 0.04%--0.05% Cr3+) were 
used in the experiments. In order to eliminate any effect which 
radiation might produce on the dielectric surfaces of the laser 
rods, external dielectric reflectors were employed. Simultaneous 
detection of the laser output was made by a phototube and a 
calorimeter. The phototube output, consisting of the normal type 
ruby laser spiking, was fed into' one channel of a dual-beam 
oscilloscope. In addition, the output of the phototubewas electroni
cally integrated and fed into the second channel of the oscillo
scope: The amplitude of this trace, which was displayed simul
taneously with the spiked laser output, was approximately linear 
with increasing total laser output energy. Before each individual 
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FIG. 1. OsciiJoscope 
traces of the enhance
ment in ruby laser out
put with increasing 60Co 
or-dosages. The upper 
traces in the sequences 
of figures compare the 
total or integrated en
ergy of the ruby laser (c) 
spikes. For (d) and (e) 
the integrated output is 
reduced by a factor of 
two from that of (a), 
(b), and (c). Horizontal 
scale, J00 !,sec/major 
div. 
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laser firing the system was optically aligned by use of an au to
collimator to minimize any effects due to system misalignment. 
The ruby crystal could then be removed from the head assembly 
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and replaced with precision, as verified by repeated. calibration 
firings. 

Figure l(a) presents a typical pre-irradiation calibration firing 
of a ruby laser crystal. The spiked laser output trace is easily 
discernible from the total integrated laser output. The relative 
energy ou tpu t as measured by the calorimete r is given in Table 1. 
The same ruby crystal was then irradiated with 60CO gamma rays, 
receiving a total dosage of approximately 800 R. Figure 1(b) 
presents a typical post irradiation firing of the ruby crystal with 
the same input energy (approximately double the lasing threshold 
energy). The integrated energy output shown in Fig. 1(b) clearly 
indicates a definite increase in output energy. The laser energy 
output measured by the calorimeter for this firing indicated an 
increase of approximately 70% (see Table I). 

The increased output energy of the ruby laser after gamma 
irradiation persisted for a number of pulsed firings at the same 
energy input level. Further experimen ts showed that for small 
total gamma dosages (of the order of 500-1000 R) the laser output 
energy approached its original or pre-irradiation value after pro
longed firing. s This general type of effect, which was predicted 
earlier by Gabrysh et al.,' is attributed to optical bleaching IO of 
the irradiated crystal by the flash tu bes. 

Figures 1(c), 1(d), and 1(e) present further results of the laser 
output (as determined from the phototube detector) as a function 
of total accumulated 60CO gamma dosage-with the same constant 
energy input to the laser system. The corresponding calorimeter 
data are given in Table 1. The magnitude of the individual ruby 
laser output spikes and their number per unit time are both ob
served to be significan tly increased after gamma irradiation. 

Table I shows that the ruby laser energy output increased by 
approximately a factor of three after a total "Co gamma dosage 
of 1700 R. Other results using the same ruby are presented in 
graphical form in Fig. 2. Several measurements were also made 
at higher total radiation dosages. It was found that after a total 
accumulated dosage of approximately 15000 R the ruby laser 
output was essentially reduced to its pre-irradiation output level. 
This decrease of the laser ou tpu t for large gamma dosages is 
thought to be tentatively explained in terms of the effects related 
to the progressive destruction of the crystalline lattice (defect 
formation) by prolonged gamma irradiationy,12 Different experi
ments with other laser crystals have yielded increases in the output 
energy larger than a factor of five. Qualitati ve experimen ts fu rther 
indicated that with larger gamma dosages the input energy 
threshold increased substantially. 

The effects which have been discussed in this communication 
are in accord with the earlier speculation of Gabrysh et al.' These 
authors noted in their study of the thermoluminescence of gamma 
irradiated ruby crystals that"... continuance of the phospho-

TABLE 1. Energy output of ruby laser at room temperature 
(26.0±O,SOC) as a function of 60CO gamma dosage. 

Gamma dose Calorimeter energy Comparison 
(R) output (relative) figure 

o 1.0 1 (a) 
700 1.7 1 (b) 

1000 
1400 
1700 
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2.8 
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FIG. 2. Ruby output at room temperature as a function of 60Co ')'-dosage. 

rescent after glow, long after the crystal has reached room tem
perature, indicates an energy-storing property in gamma ray 
damaged ruby which might be of use to favorably affect 'memory' 
capabilities and optical laser properties." At this time it is not 
known if this energy-storing property is sufficient to account for 
the observed increase in laser energy output, or to what extent the 
gamma irradiation alters the efficiency of the ruby laser energy 
output (independent of energy storage) with respect to the 
pumping light source. Indeed, the mechanism of energy storage 
by gamma rays in terms of center formations and the subsequent 
energy release by what has been called "light-induced thermo
luminescence" (Gabrysh et at.') or "radio-photoluminescence" 
(Przibram') is not well understood. Further investigations by the 
authors regarding the underlying phenomena involved in this 
effect are in progress. 

'" Work supported in part by the U. S. Army Missile Command, Red
stone Arsenal. Alabama. 
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