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Superelastic electron scattering on lithium
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Reduced Stokes parameters of théP2state of lithium are measured using superelastic electron-scattering
techniques and calculated using the convergent close-coupling method. The measurements and calculations are
in excellent agreement at all scattering angles. This is particularly significant at the large scattering angles
where there has been a long-standing discrepancy between theory and electron-photon coincidence measure-
ments in the corresponding electron-hydrogen scattering proh&h850-294{06)50207-9

PACS numbeps): 34.80.Bm, 34.80.Dp

There has been a very long-standing discrepancy at largile e-H scattering system. Thus we are left with the question:
scattering angles between theory and measurements of thghy is there discrepancy between the CCC theory and the
2 2P angular correlation parameters for 54.4-eV electron-2ngular correlation experiments?
impact excitation of atomic hydrogen. In our view, this is the Madsen and Taulbjerfp] argue that the special nature of
most outstanding problem in fundamental electron-atonhe hydrogen atom, namely the degeneracy of the energy
scattering. The development of most electron-atom scatterinigVe!S: will lead to a slow convergence with expansion in
theories uses the-H system as a testing ground for dealing [/9€t-Space angular momentum. Though the three CCC cal-
with the more sophisticated problems. The discrepancy witffulations that included andp statess, p, andd states, and

experiment here undermines the basic building blocks Oé P, i’rca;?]?[g]St?;%S v;ere ggtrggntit;?tid;ﬁ \Ilirryle%tlact)gsly a
such theories. For this reason it is imperative that this prob- W P ' y sugg tev 9

- might be necessary. These conclusions were made on the
lem be resolved as soon as possible.

The aim of this Rapid Communication is to address thes basis of a distorted-wave eikonal theory that is unable to

. There h b ind d Dbtain agreement with experiment at the small scattering
issues. There have been two independent measurefde®lts . qies where the CCC theory and many others have no dif-

of the e-H 2p angular correlation parameters that are inficty. For this reason we suspect that the discrepancy is not
agreement with each other. Both of these used the electroge to convergence problems in the CCC theory.

photon coincidence technique where Lymarphotons are An approach to this problem is needed from an experi-
detected in coincidence with electrons that have lost 10.2 e¥nental side. Another way to measure the angular correlations
of the initial 54.4-eV energy. These measurements are pajs by means of superelastic electron-scattering techniques.
ticularly difficult at the backward angles, as there the crossthe target is prepared in the excitpdstate by means of a
section is very small. The 54.4-eV energy is a particularlysuitable laser. Unfortunately no such lasers exist to prepare
good choice because at this energy the total ionization crosge hydrogen atom in an initial2state. However, this can
section peaks and is of similar value to the integraté®P2 pe done for the @ state of lithium. As in hydrogen, the
cross section. Since the electron flux is evenly divided betithium total ionization cross section peaks at around 4 times
tween the ionization and the?P channels one would expect the ionization thresholfb], and so we suggest thetH scat-

a theory to get both of these right before it could be confidentering at 54.4 ev may be qualitatively compared watb.i
of providing more detailed differential information. scattering at 20 eV.

The treatment of the ionization channels is one of the The major Components of the apparatus used in the

most difficult aspects in electron-atom scattering theory, anghresent experiments have already been described in detail
it was not until the introduction of the convergent close-[7]. The experimental configuration modified for superelastic
coupling(CCQ) theory that a single theory predicted the cor- glectron-scattering studies on lithium is shown in Fig. 1.
rect total cross sections for both?P excitation[3] and ion-  Ejectrons at an energy of 20 eV are incident®ii atoms in
iZa.tion [4] NeVe.rtheleSS, thIS theOI’y y|e|ded resu|tS fOI‘ thethe excited state 2P3/2 prepared by Optica' pump|ng The
angular correlation parameters that were much the same @gunt rate of superelastic electrons scattered with energy
the previous most sophisticated theories. The CCC theoryq g eV is measured as a function of scattering agfer

claims to treat both the discrete and continuum target subyifferent states of the laser polarization. From this one can
spaces to a demonstrated level of convergence, and simpfiefine the reduced Stokes parameters:

relies on nonrelativistic quantum mechanics for governing
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Two quarter-wave plates mounted in mechanical rotators
were used to obtain either circular polarization or any orien-
tation of linear polarization of the laser radiation. Computer
controlled stepper motors were used to rotate the waveplates.
In this way all three Stokes parameters were measured dur-
................ ing the same run.

A correct measurement of the superelastic depolarization
factor K is essential for interpretation of the experimental
results. To obtain this information the polarization of the
decay fluorescence was monitored through the vacuum win-
dow and the factoK = P, was determined for each measure-
ment. Measurements and calculations show that for®thie
transition 22S,,,— 2 2P5, the factorK is essentially indepen-
dent of laser intensity during typical experimental condi-

o ) tions. The measured superelastic depolarization faCteas
FIG. 1. A schematic diagram of the experimental geometry. 0.570+ 0.005.

., laser

In Fig. 2 we give the results of the measurements and the
CC calculation. The values &f;, P,, andP; were mea-
sured several times at both positive and negative scattering
angles. The final values of each parameter have been deter-
mined by taking the weighted means of the several sets of
) e S "8ta. The error bars represent plus or minus one standard
superelastic depolarization factér [8]. The factorK’ is  yeyiation. These errors include statistical uncertainties and
equal to the circular polarization of the resonant fluorescencgygiqa| systematic effects, which have been identified as
emitted normal to the scattering plane and is taken 10 bgiging from the divergence of the electron beam, small di-

unity 8] I ... chroic effects introduced by the vacuum window and other
The beam of lithium atoms was produced by a res'St'\/elycomponents in the laser beam line, and slight misalignment

heated oven. An esg{‘gate" atonr? density at the interactiogt he electron beam. An estimate of the angular errors was
region was about 510" atoms/cnt under normal operating ,pained by measuring all three Stokes parameters at the an-
conditions. The Doppler width of the beam was 50 MHZ'guIar ranges of- 100° to—6° and 6° to 100°. This showed
Using a multistage electron gun with a barium .Ox'de cathihat the uncertainty of measurement of the scattering angle
ode, an electron beam at 20 eV was produced with an energy.« |ess than+1.5° for the forward angles, rising to
spread of 0.3 eV and typical current of 1+2A. The mea- +2.5° for the bgckward angles. '

sured_divergence of _the electron beam was around 2°-3° The CCC theory for hydrogenic targd@] was used, and
(fUI_:_W'dtth at h"’fllf lmatX|mun). | dt convergence was found using,®p, 7d, and & states. The

WO types of electron-energy analyzers were used to Mmegy, qjqant energy was taken to be 21.8 eV so that the outgoing
sure the count rate of the superelastically scattered electro nergy was 20 eV, the time-reversed situation of the experi-
A cylindrical mirror analyzer was used for angles less thar‘hwent. We see that we have essentially quantitative agreement

15°, while a more sensitive retarding field analyzer was eMgq )| of the presented parameters at all measured scattering
ployed at the larger scattering angles. The overall energ ngles

resolution of the system was less than 0.5 eV, which was
sufficient to separate the superelastic signal and the baclé—n
ground of elastically scattered electrons. A typical count ratg,
of superelastic electrons was around 20—-40 Hz at the scat-
tering angle of 90°. This angle corresponds to the minimum
in the differential cross section for th&s22P transition.

Laser radiation at 670.977 nm was produced by a single-
frequency stabilized ring dye laser. Typical laser power was
300 mW, corresponding to a laser intensity of 20 mw/
mm? at the interaction region. In order to avoid radiation P*=\Pi{+P5+P3. 2
trapping and increase the excited-state fraction of lithium
atoms in the interaction region it is necessary to pump both
ground-state hyperfine levels simultaneously. A LiLaO For comparison, we give theeH case in Fig. 3. We see that
electro-optic phase modulator was used to generate a numbtire CCC theory predicts qualitatively similar behavior of the
of frequency-shifted sidebands. Two of them, separated b$tokes parameters for the two targets. There is a difference
228 MHz, were used to pump the ground-state leveldetween theP, parameters at the small angles for hydrogen
22S,,,F=1/2 and 2°S,,,F=3/2 simultaneously. Using and lithium, where theory and experiment predict more
this technique, the fraction of the excitelli atoms and structure in the lithium case. The deep minumum at the back-
consequently the superelastic scattering count rate has bewmard angles ofP, is predicted by the CCC theory for both
increased by a factor of 2 when compared with singletargets, but agreement is found only with the present mea-
frequency pumping. surements in lithium. Similarly, the agreement of the CCC

wherel, is the superelastic count rate when the laser radiaC
tion is polarized ah degrees to the outgoing electron direc-
tion, and o™ indicates left-hand ) and right-hand )
circular polarization. The line polarizatid of the resonant

The Stokes parameters are trivially related to xheR,
d| angular correlation parameters traditionally presented
r hydrogen by

P,=2\—1, P,=-2\2R, P3;=22I,
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FIG. 2. Present measurements and calcula-

tions of electron-lithium P Stokes parameters at
21.8 eV. The measurements were obtained using
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theory with the present measurements at the deep minimumiscrepancy with theory. These results give us greater confi-
of the P, parameter at the intermediate angles is most endence in the validity of the CCC and other sophisticated
couraging, as this is not the case for hydrogen. Furthermoreheories for thee-H problem, though direct verification is
agreement between theory and measuremerfes & excel-  still warranted. We shall now perform measurements and
lent in the case of lithium, but not so in the case of hydrogencalculations at a number of other energies for ¢hiei sys-

For both systems the theory predi®s ~1 over the entire  tem to ensure that the CCC theory is valid over the entire
angular range, though exchange scattering at these energiggergy range, as is supposed.

is quite substantial. The present measurements support this,
but those for thee-H System do not. This parameter is not We W|Sh to thank Mr. A. HarriS for teChnicaI assistance in
particularly useful for studying effects of exchange in sub-the development of the electro-optic modulator. Support of
stantial detail. To do this we need to look at the spin asymthe Australian Research Council and the Flinders University
metry; see Refl9], for example, in the case @tNa scatter- of South Australia is acknowledged. The research was spon-
ing. sored in part by the Phillips Laboratory, Air Force Materiel
In conclusion, we have seen that there is quantitativeCommand, USAF, under Cooperative Agreement No.
agreement between the CCC theory and experiment fdF29601-93-2-0001. The views and conclusions contained in
electron-impact excitation of thep2state of lithium. The this document are those of the authors and should not be
impact energy was chosen to allow an appropriate comparinterpreted as necessarily representing the official policies or
son with similare-H measurements, which used an alterna-endorsements, either expressed or implied, of Phillips Labo-
tive experimental technique, and where there is substantiahtory or the U.S. Government.
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FIG. 3. Stokes parameters for electron-

hydrogen 2 excitation at 54.4 eV. The measure-
ments denoted by WFN80, W81, W86 are from
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