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Many remote detection methods rely on the use of lasers in an attempt to identify and 
quantify trace species at long distance. The distance at which optical methods can be reliably 
used for trace species detection is limited by the ability to collect photons from afar. Incoherent 
light emitted at the target is non-directional, while phase-matching forces nonlinear processes to 
generate coherent light propagating away from the source. These limitations have motivated the 
exploration of backward lasing and stimulated gain concepts, which can produce coherent 
scattering that returns to the pump laser location. Of particular interest is the stand-off gain-
swept concept for backward amplification [1]. This concept uses a two or more photon process to 
generate backward gain in sequential regions of overlap of trains of short pulses propagating 
with different group velocities. The pulses are sequenced such that the regions of overlap are 
synchronized with the backward propagating coherent light, so step wise gain occurs. 
       We propose one such concept 
involving two photon pumping, which 
produces coherent light propagating 
backwards from a remotely generated 
high gain air laser. For this example 
two photons of a single UV 
wavelength are used, however, in 
general, two different wavelengths 

can be used as long as the sum of the two photon energies is the 
same. The UV laser pulse is tuned to a two-photon atomic oxygen 
electronic resonance at 226 nm. At this wavelength it simultaneously 
dissociates the oxygen molecules in air, and excites the resulting 
atomic oxygen fragments [2-4] both through two photon interactions. 
Due to the long focal region of the pumping laser, a long region of 
high gain is created in air for the atomic oxygen emission at 845nm. 
We demonstrate that the gain in excess of 60 cm-1 is responsible for 
both forward and backwards emission of a strong, collimated, 
coherent laser beam. We present evidence for coherent emission and 
characterize the backscattered laser beam while varying the pumping 
conditions. The optical gain and directional emission allows for six 

orders of magnitude enhancement for the backscattered emission when compared with the 
fluorescence emission collected in the same solid angle as the stimulated emission. This opens 
new opportunities for the remote detection capabilities of trace species, and provides much 
greater range for the detection of optical molecular and atomic features from a distant target. 
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