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Today I would like to present the results of an isotope separation experiment 
in which a single isotopic component of an atomic beam was selectively deflected 
by resonant scattering of laser light. My co-workers on this experiment were 
Don Duerre, Joe Simpson and Lowell Wood from Livermore, and John Goldsborough and 
Chuck Jones from Spectra Physics. The idea behind the photodeflection method, 
which incidently is far from original with us, is that for each absorption of 
a laser photon a given atom acquires momentum h\>/c in the direction of the 
laser beam. The subsequent isotropic re-emission of the photon produces no 
momentum on the average. Spacial separation is then achieved when the number 
N of photons absorbed is such that Nhv/c is comparable to the (transverse) 
momentum spread of the atomic beam. A schematic representation of the experiment 
is shown in the first slide. 

Barium metal, with the natural mixture of isotopes, effused from an oven. 
It is collimated to an m rad divergence for convenience, intersects the laser 
beam at right angli.s, and is deflected ufing a sensitive quadrupole mass 
spectrometer. 

*Research performed under the auspices of the U.S. Atomic Energy Commission. 
+Also with the Dept. of Applied Science, University of California, Davis-Livernore. 
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The Spectra-Physics Model 370 dye laser used in this study was frequency-
tuned using an intracavity prism and etalon, with piezoelectric mirror and 
etalon drives. Its linewidth was 10 MHz. Such small linewidths are necessary to 
resolve the usually small isotopic hyperfine structure of barium. Typical 
isotope shifts for heavy elements are tens to hundreds of times larger. The 
laser's, etalon and mirror drives were locked to a temperature-stabilized, high 
finesse spectrum analyser in the usual fashion and a laser frequency stability 
of ±10 MHz for times of several hours was thereby attained. The dye used was 
rhodamine 6G in a 3:1 water-hexafluoro 2-propanol mixture employed to blue shift 

o 

the rhodamine fluorescence peak to near the green 5535 A barium resonance line. 
The laser had 50 mW output in this mode of operation, using 1.5 watts of all-
line argon pumping, in single line operation. Could I have the second slide, 
please. 2 1 The resonant transition utilized in the experiment was Ba(I) 6s S +-> 
6s6p 1P 1 at 5535 A. The lifetime of this state is 8.37 ± .20 x 10" 9 sec 5. 
This implies that it is possible with a CW dye laser to accelerate a barium atom 
from rest to a velocity comparable to its thermal velocity (not transverse 
but longitudinal thermal velocity) over a path of less than 10 centimeters. The 
difficulty with doing this arises from this Q metastable state. The lifetime of 
the 'P-j -> D 2 transition is 2 x 10 seconds, 24 times the P-| -• S Q lifetime. 
The probability that a barium atom in the P, state decays to the D 2 state 
instead of decayint, back to the ground state is thus one in 24. This limits 
the magnitude of photodeflection in a scheme in which a single laser beam frequency 
i; used. 

Isotopic beam separation has'been observed visually and mass soectrometrically. 
Deflection of the nost abundant 138 isotope has been clearly observed visually. 
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When the center of the laser line is a fev; tens of megahertz away from the 
Ba absorption peak, a bright green atomic beam is observed. When the laser 

is then tuned onto the absorption peak, the inetnsity of scattered light from 
the upper portion of the atomic beam decreased markedly (by pumping into the 
metastable state) and the position of che beam shifts in the direction of the 
laser propagation. For an atomic beam with a milliradian divergence, this 
shift is equal to the beam thickness. The effect is still unmistakable with a 
10 m rad atomic beam divergence. 

Third slide, please. 
The mass spectrometer slit was placed near the "downwind" edge of the atomic 

beam. When the laser was tuned to the center of the resonance of the Ba 
absorption peak, a large change in the isotope peak on the mass spectrometer 
relative to the rest was observed as the isotopically enriched atomic beam was 
deflected into the mass spectrometer slit. In the fourth slide the separation 

137 136 13*1 
is seen in a Ba peak. The Ba peak and one of the Ba peaks were not 
resolved because they are not shifted relative to each other by much more than 
the natural width of the 5535 A transition. These are shown in the next slide. 
The mass spectrometer data show that optically resolved components of the 
isotopic hyperfine structure were in fact physically separated.' 

Our separation experiment, of course, provides immediate assignment of 
isotope number to three of the peaks in the absorption spectrum. Could I have 

1*8 
the last slide, please. The peak at Av = 0 is " Ba, as is obvious frcra its 133 intensity (the natural abundance of Ba is about 725S. The peak at Av - 72 MHz 
is one of the Ba hyperfine lines, while that at 138 MHz is Ba plus one of 

1 3 ^ 1 *57 1 *%ty 
the Ba hyperfine lines. Assignment of Ba end Ba has been made to 134 the peaks at Av = 315 and 380 MHz, respectively. The Ba peak lies very 
close to that of 1 3 l 5Ba. 
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This is the present status of the experiment. There is still a large 
amount of work to be done. Several components of the Ba beam are not accounted 
for. The limitation on the number of photons which can be absorbed by a given 
atom can be removed when a second laser is added to the first. This second 

° 1 
laser, operating at either 1.5p or 5829 A, can depopulate the metastable D 2 

state via transitions to a P, state. Preliminary experiments using a second 
dye laser at 5829 A have been conducted but only at low brightness, as the 
operation was multimode. The scattered orange radiation, corresponding to 
radiative destruction of the Dp metastable level, was clearly observed 
visually, however. 

I would like to take the remaining time to anticipate the question of whether 
the photodeflection approach to isotope separation has practical significance. 
The resonant scattering type of photodeflection is limited in a couple of ways 
that, for example, photoionization isn't, and is not limited in some other ways 
that photoicnization is. Thus, these appear to be comparable methods, both 
technically and economically, as it may be shown that very small beam deflections 
are sufficient for practical isotope separation. There are however, two other 
quite different tApes of photodeflection where metastable states pose no problems 
and the total photon cost approaches zero. The more elegant and efficient of 
these, coherent stimulated photodeflection, has very recently been proposed by 
SzBke and Nebenzahl of Tel Aviv University, and -"s in press in Applied Physio-
Letters. Recalling the phenomenon of adiabatic wist passage, the Israeli (orkers 
note that a pulse of intensity much greater than saturation intensity which is 
nctever adiabatically frequency-modulated over the width of the atomic absorption 
line will flip all atoms from one eigen state to the other—from the ground 
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state to the excited state, or vice versa, in the quasi-classical approximate. 
If such a laser beam is made to traverse the atonic beam, back and forth, 
reflecting between quasi-paralleled mirrors, an optical delay line or whatever, 
a large, even number of times, its intensity will diminish only slightly, due 
to spontaneous emission and mirror losses. However, each atom in the isotopic 
component of the atomic beam which is resonant with the chirped laser pulse 
will have absorbed and reemitted 2N photons from and into the beam, acquiring 
a large net transverse momentum in the process, i.e. being spatially separated. 

The laser beam may thus be used over and over again, to separate many atoms 
per photon used up in mirror absorption and spontaneous emission processes--
the specially prepared and manipulated photon beam literally acts as an electro
magnetic spring between the anclosing mirrors and the atomic beam. Our preliminary 
eatimate is that of the order of 30 atoms of a heavy element may be separated 
per optical photon used up, in a practical isotope separation arrangement. 
This is of course nearly a two order of magnitude gain in quantum efficiency 
over either the photoionization approach or the particular photodeflection 
technique we've studied experimentally. The total energy plus operating cost 
of the laser portion of an isotope separation system based on the Israeli 
photodeflection technique thus might be of the order of a penny per gram of 
heavy element separated. 

We are presently engaged in studying this technique in the barium system, 
which due to the fully allowed nature of the resonant transition, is an especially 
challenging one, both in spatial scale and frequency modulation requirements. 
The adiabatic fast passage photodeflection separation of isotopes of other heavy 
elements, whose natural linewidths. may well be one to two orders of magnitude 
narrower than the barium resonant line, and thus have correspondingly greater 
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lifetimes, may be expected to be much easier. 
We wish to thank Edward Teller and Charlie Rhodes for useful discussions 

of aspects of this work. 


