
P.J. Brannon, M.A. Hedemann, and L.S. Weichman 

Sandia National Laboratories 
Albuquerque, NM 87185-1423 

505-844-21 14, FAX 505-844-6098 

Abstract 

It has been demonstrated that X-rays alone can be used to pump a 1061 mn 
Cr,Nd:GSGG laser. Lasing action has been observed when the laser rod absorbs greater 
than 27 h a d  of 2 MeV X-rays. The laser cavity consists of a corner cube and a output 
mirror with a reflectivity of 67%. The X-rays are delivered in a 20 ns pulse, and laser 
action is observed several ps after the X-ray pulse. This delay suggests that chromium is 
important in the laser pumping process since it is known that an excited chromium ion 
takes about 10 ps to transfer its energy to a neodymium ion. 

Introduction 

Ionizing radiation effects in optical materials and lasers may alter the performance 
of optical systems when they are used in space and nuclear environments. This study is an 
out growth of earlier and on going studies at Sandia National Laboratories of radiation 
effects in optical materials which might be used in radiation environments. The larger 
study is primarily concerned with transient radiation-induced absorption and does not 
address long-term effects. From these earlier studies, it has been determined that when 
gadolinium scandium galium garnet doped with chromium and neodymium 
(Cr,NdGSGG) is subjected to a 20 ns X-ray pulse, optical gain at 106 1 nm is induced in 
the material.' The duration of the gain is determined by the lifetime (244 ps) of the 
excited Nd ion. These previous observations of optical gain induced by X-rays indicated 
that a X-ray pumped laser with significant output energy could be constructed. The 
purpose of this study is to v e m  that prediction. 

Experimental configuration 

The X-ray source used in this experiment is the Sandia National Laboratories' 
Hermes III electron accelerator with a bremsstrahlung converter plate.2 A 20 ns pulse of 
X-rays with mean energy of 2 MeV is generated by this machine. Thermoluminescence 
detectors (TLD) are used to measure the absorbed dose in the laser rod. A laser cavity 
which is insensitive to alignment has been chosen here in order to reduce the time and 
hence the cost for the use of Hemes 111. A schematic of the cavity is shown in Fig. 1. It 
consists of a corner cube and a 67 % reflectivity output mirror. A modified laser mount 
made by Big Sky Inc. is used to hold the laser rod. The Cr,Nd:GSGG laser rod, fabricated 
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by Litton Airtron, is 6 mm in diameter and 100 mm long. Each end face of the laser rod is 
AR coated for 1061 nm radiation. Chromium and neodymium dopings in the rod are, 
respectively, 1 and 2 x 10'' /cm3. Dimensions of the laser cavity are shown in Figure 1. 
An integrating sphere receives the output of the laser and its output is viewed with a 200- 
pm core fiber optic cable. This fiber optic cable is strung from the high-radiation chamber 
of Hermes III into a shielded screen room where a Hamamatsu Model R-5108 PM tube 
receives the radiation transmitted by the fiber. A 1061 nm narrow band filter is placed in 
front of the PM tube. The integrating sphere is used here to eliminate any difficulties in 
coupling the laser light into the cable. It is placed approximately 2 m from the output 
mirror of the laser. The components of the cavity and the integrating sphere are mounted 
on sliders which are mounted to Model X95 Klinger rail. 

The laser is placed at the output end of Hermes III, and the dose is varied by 
moving the experiment away or toward Hermes III. During the initial setup of the 
experiment, a flashlamp has been installed in the Big Sky mount so that a laser beam is 
generated for the initial alignment of integrating sphere and the laser. The flashlamp is not 
present during the X-ray pulse. It is inserted or removed from the laser mount by taking 
the slider with the attached output mirror off the Klinger rail. No tedious alignment 
procedure of the laser output mirror is necessary when the output mirror is re-inserted in 
the cavity because of the corner cube. Burn patterns of the laser beam are made by 
placing laser burn paper 20 cm beyond the output mirror. 

Results 

Figure 2 is a photographic reproduction of the burn patterns from flashlamp and 70 
h a d  X-ray pumping of the laser rod. The energy from the flashlamp pumped laser rod is 
measured to be about 600 mJ, and the estimated energy of the X-ray pumped rod is about 
200 mJ for an absorbed dose of 70 krad. For X-ray pumping, the estimation of the energy 
is obtained by comparing the burn pattern of the attenuated flashlamp pumped laser with 
that observed for X-ray pumping. Figure 3 displays the time history of the laser for 27 
and 62 krad doses of X-rays. It is evident that the output of the laser has numerous short- 
duration spikes, and the number of spikes and the time duration of the spiking increases 
with absorbed dose. The width of the individual spikes is about 100 ns. Similar spiking is 
observed when flashlamp pumping is used. The threshold X-ray exposure for lasing is 
found to be between 20 and 27 krad for the cavity used in this experiment. From Figure 
3, it can be seen that lasing is delayed several ps after the X-ray pulse when a 27 krad dose 
is used (the X-ray pulse occurs at zero time). The delay is expected to be less for higher 
doses as is seen in Figure 3 for a 62 krad dose, but it is not obvious when the peak 
inversion occurs in the figure. A more detailed analyzes is necessary to ascertain the peak 
inversion density here. The data for 27 krad is in agreement with the earlier observation 
that the gain is delayed.' This delay has previously been associated with the transfer time 
of excitation between chromium and neodymium ions.'p3 It has also been noted earlier that 
gain is not observed when chromium is absent in the laser material.' 



An energy efficiency factor can be determined from the output laser energy and the 
X-ray energy deposited into the laser rod. Using the volume of the rod (2.82 cm3), the 
density of Cr,NdGSGG (6.46 g/cm3), and the absorbed dose (70 h a d  = 0.7 J/g), the 
energy deposited in the rod is determined to be 12.8 J. The estimated laser output energy 
is 0.2 J, so that the efficiency factor, the ratio of output to input energy, is about 1.5%. A 
gain coefficient can also be estimated by setting the round trip losses equal to the gain at 
threshold. A value of 0.0238 cm-' is found when the loss of the comer cube is neglected. 
A normalized gain coefficient, defined by the ratio of the gain coefficient to the dose, is 
0.00088 cm-' had-' when the threshold pumping is assumed to be 27 had. The actual 
pumping threshold is expected to be less, so that this is a lower limit for the normalized 
gain coefficient. An upper limit for this quantity has been previously found to be 0.0067 
cm-' had-'.' This value is expected to be high because spontaneous emission has been 
neglected Another factor which could be important in this comparison of the normalized 
gain coefficient is the differences in the chromium and neodymium doping levels. The 
laser rod and the sample used previously came from different boules of material. 

Conclusions 

In conclusion, lasing action at 1061 nm is observed from a Cr,Nd:GSGG laser rod 
when it is exposed to a 27 h a d  dose of 2 MeV X-rays. A 70 krad dose results in a laser 
output energy of about 0.2 J which corresponds to an extraction of 1.5% of the deposited 
energy in the laser rod. The several ps delay for doses near lasing threshold is consistent 
with the time for energy transfer from the chromium ion to the neodymium ion. 
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Figure 1: Experimental setup for demonstrating lasing when pumping with X-rays. 
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