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Isotope Natrural Enriched Prices Methode

Abundance %  Abundance% $/Mole  of separation

D 0.015 99 1 Chem. exchange
12¢ 98.9 - - -

BCc 1.11 96 103 Diffusion.

14N 99,6 - - -

15N 0.37 - - -

170 0.037 40 10° Distilation.

180 0.204 - - .

37¢) o5 90 6x104 Calutron

2°Ca 97 - - -

2Ca 0.64 - - -

43Ca 0.145 - 8x10° -

44Ca 2.06 - - -

46Ca 0.003 - 12x107 -

48Ca 0.18 - 12x106 -

57Fg 2.19 90 2x105  Calutron
798¢ 50 99 6x105 Calutron.
1961g 0.15 48 1x108 Calutron.
235y 0.75 3 - 1x103 -

238y 99.7 - - -
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New Laser application , RIMS studies

of calcium

Abstract: Recent new laser applications will be reviewed, with special
emphasis on Resonance Ionization Mass spectroscopy (RIMS)
studies of metal vapours .

RIMS will be used to explore the possibilities of isotopically selective

tow - photon resonance, three - photon ionizationpathwars, to provide enhenced

means for enriching and detecting calcium isotopes.

This research, was done while the autbor was a Fulbright scholar during

1990 at the National Institute of standards and Technology(NIST).Washington

D.C, U.S.A .



SUMMARY

Non - Linear crystals, rare gases or metal vapours, when irradiated at
suitable intensity , can produce second, third or fourth harmonics which
cover a wide spectroscopic range up to VUV region .With incresses in attainable
laser power the generation of higher order harmonics has become feasible;This
offers the prospect of producingcoherent radiation in the soft Xray spectral
region .The different wave lengths ranges have long been used as pumps to

produce narrow band tunable dye lasers which were useful in many application .

They were of great value to test QED theories in free space and in
optical cavity; new definition of the fundamental constant relates it to the
quantum Hall effect (QHE); or Josphson effect. These effects can be measured
with the help of new based laser techniques very accurately , so the value of

can be determined with an accuracy of few (PPM).

Also, Laser generated a new novel optics, Like coherent and Squezed
states which may be suqeezed in one of its components beyond quantum limit .

This new concept contains many newphysiclfdeas unhnown classically nr¢ may ~ffer a

possibility of detecting gravitation waves .

Too , Lasers have long been used extensivily in atomic and molecular
spectroscopy special mention should be made to their use in studying Rydberg
states and Van der Valls molecules. Theses species represent the classical
limit to the quantum systems, so they can be used to study chaos in classical
system and in itsquantum counterpart. Also they offer the means to study the
perturbing effect of short range interaction with the core electrons by
studying the phase shift in the wave function of Rydberg electrons relative to
these appropriate to hydrogen like species. This phase shift can be expressed
in terms of "Quantum defect " which appears in Rydberg formula for the energy

levels of the bound states .

The importance of lasers in spectroscopy will be exasperated when cooling
of Na to 25 k° becomes feasible and the VUV lasers are used to generate the E*

(1216 A° ) Line, which may be used to cool H atoms .

Recently; it has been experimentally possible to use the very short pulse
duration of the laser to study femto second reactions its very high intensity
to study above Thresholdionization (ATI ), its narrow band width combined with

its high energy to perform selective multphoton resonance ionization mass



spectroscopy of metal vapour isotopes whose ionozation potential ranges from

4 - 20 ev

The RIMS method is extremely higly sensitive and selective, so it can
precisely measure accurately t?g isotopic composition of picogram quantity
with selectivity of up to 1:10

The RIMS advantages supplemented with tractable calculations in simple
elements ( to fill the many existing gaps) makes it possible to provide analy-
tical chemist and atomic physicst very val uable information about atomic
structures such as excited state photionization cross - section and hence
the possibility of studying the intermediate statesautoinization rates and

transition probabilities

RIMS method can be used in general to selectively photoioniz two electron
systems Like Be, Ca , Zn , Sr , Ba , Pb, Hg , Mo , Sn . etc . This method was
used in our laboratory to demonstrate isotopic selectivity in Zinc and Calcium
isotops . However in this paper we will present the study of photiionization
pathways of calcium isotopes , which can be achieved via 1 ) photoionization
pathways which are isotopically selective by virtue of strict selection rules;

and 2 ) two - photon Doppler transitions .

The first possibility can be utilized in 43Ca ( the only calcium odd

isotope ) by tuning the laser wave length properly on resonance with one of the
following ( odd parity ) transitions 4s? 1So to 4S4P 3Po or to 4S5P 3P to
enhance excitation and then jonize the excited states of 4303. It willobe shown
that to achieve isotopic selectivity in both transition we need to use two

coloured lasers (i.e.the energy of two or three photons).

The other possibility can be used to enhance selectivity of 48Ca from
the other even calcium isotops via one of the following'transitions 452 1S —
1 1 : ©

or 482 lso——»3d55 D,.— 3d7P P

1

4510sts —— 3d7p 'p
o 1 1

due to the proximity of the intermediate level 434P1P1 (which is 66.4cm _land
72 cm_loff resonance from the tworespective lonization transitions ). But
ionization yield studies of both routes performed with 421 , 504nm(w2)generated
by doubling 843,009 nm(wl) from the 4§ los ionization pathway is significantly

less efficient than the3d5s ionozation .



The experimental set up were the standard type in this kind of work.
Howe ver thesetup was arranged in a moddular fashion, so it was possible |
to perform the experiments without the need to do major changes .Also the

system could accept a further modifications for future use .

We will show that isotopic selectivity can be achieved in the first
possibility if we take in consideration the laser wave length effect, its mode
structure and its pulse duration assuming that the mixing of ( j = 0 ——j=0)
transition is sufficient .

Also experiments performed according to the second possibility using
circulary polarized laser (so the selection rule m,=0 or 2, is valid
experimentally ) showed enhancment in the Ca+consistent with the decrease in
the laser band width., So the projected isotopic selectivity of 105 is achievable
with an appropriately narrow ( 10 - 20 MHz) band width , cworpulsed a¥ high -
repetition rate (1like. copper pumped dye) laser .

Beside isotopic selectivity, we were able to identify manyautoionization
levels in calcium . These levels were confirmed by another group working at
NIST .But the main advantage of this work is the possibility of using lasers
for ionozation , so it is expected that a mature Ti - Sapphire solid state
laser , which can give 30w and operate at 840nm and with 107 efficiency(or 3w

at 420 nm ) Willselectively ionize beams with a cross - section around 0,lcm?.

The throughput for sush a beam is 105 4SCa atoms / sec or 0,3mg 48Ca/hour .
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