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Multiphoton Ionization of Atoms

PEXAFRE

EEBNARTFEZRTERE, TENRIRRRSBOCSWEFHEEER, &
HRBETFAMOEARE AT HELE. TR AR RIRGE P26
SEXET RS RET, SFREEESH A REENAAN BABEUR s Md
SEERBEAHERNACFRE T NFEZH. RITEENR TS THEEOELRRS
R BT IS4 AR BB T A SRS . RG4S HEER MR
AT TFHRHEREETFASNERES, HEHERAMRRREHRASHE. #
ENALRBEENLRAT, MR —MirH R TREEE TR T
ForAn (AT R). B, RGNS e BRI 8 R F U6 7 s g L
FRX—HH R E BT A MANERT . il B bR b
BIAMBETFERT U TEMBEX=EASE. REHTA R RN B L #RTE U
BApHAE SEREEBARE. X—ERRANCEERIET HETTHRERR
BIMHEAL RS,

In this chapter, we discuss multiphoton ionization of atoms and the determi-
nation of atomic parameters through the measurement of the photoelectron an-
gular distribution (PAD). In particular, using elliptically-polarized light for these
measurements we are able to determine the atomic parameters necessary to unam-
biguously describe the two-photon ionization of atomic rubidium. These parame-
ters include the relative cross sections for various ionization channels as well as the
phase difference between s and d partial waves. We will begin our discussion with
the basic concept of multiphoton ionization of the atom, and then switch over to
the measurement of PAD through two-photon ionization using linearly-polarized
light. Afterward, we will present a theoretical derivation of the angular distribu-
tion with arbitrarily-polarized light in terms of these cross sections and phases,
demonstrate the advantages of using elliptically-polarized light and discuss details

of the experiment. Finally, we discuss an effective photoelectron imaging tech-

@ The major results were first reported in APS DAMOP meeting, Santa Fe, NM, USA,
May 1998, and published in Physical Review Letters, 84, 3795(2000) and Physical Review A, 62,
053404(2000). Authors: Zheng-Min Wang and D.S.Elliott
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nique, with which photoelectron angular distributions (i.e, electron clouds) are
recorded, as well as complete measurements of two-photon ionization in atomic
rubidium using both right- and left-elliptically-polarized light. The results show
that with this approach the three parameters can be completely determined. The
measured phase differences and relative cross sections for ionization into s and d
channels are in good agreement with theoretical data. The agreement of these
results is a direct experimental confirmation of the relation of quantum defect

phase.

1.1 B =3

Introduction

Experimental methods of determining relative photoionization cross sections and
phases of continuum electronic wave functions are typically very difficult to carry out.
Only a few complete determinations have been reported in the past!!~5. A complete
measurement is one in which all the relative photoionization cross sections for exciting
the different outgoing waves, as well as the phase differences between these channels,
are unambiguously determined. Each of the past determinations required multiple
measurements, such as photoelectron angular distributions for two-color ionization
with a variety of angles between the directions of linear polarization of the two laser
fields"+?), simultaneous measurement of the angular distribution and spin polarization
of the photoelectron34, or simultaneous measurement of the photoelectron angular
distribution and the residual alignment of the ion/®/. Observations of circular dichro-
ism in photoelectron angular distribution measurements have also been identified for
their potential in yielding relative cross sections and phase differences!®-”). In ad-
dition to each of these experiments requiring multiple measurements, they typically
yield only the cosine of the phase difference of continuum waves, rather than the phase
difference directly, an ambiguity which must be resolved by some other means. While
theoretical techniques for calculating the phases of atomic continuum wave functions
for simple systems seem to be well in hand, it is still of great value to subject the
results of these techniques to further, more rigorous experimental tests.

Two-photon ionization of an unaligned alkali metal atom initially in a ground
ns?S; /2 state produces an outgoing photoelectron in a continuum €828, /25 ed?D, /30T
ed?Dy /2 states. The angular distribution of photoelectrons ejected from the atom
depends upon the superposition state created by these three outgoing waves, which in
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turn depends upon the relative magnitude of the two-photon ionization cross sections
for excitation into these three continuum states, os, 03/2, and o5/, respectively, the
phase difference between continuum channels, £&—€4, and the polarization state of the
light. All told, three atomic parameters are necessary in order to predict the angular
distribution (The three cross sections represent only two independent parameters,
since only the relative magnitudes are relevant, and the fine structure intervals of the
2D bound state series/8lindicate that the phase difference between the two continuum
d channels is only 0.003x, and therefore negligible).

In this chapter, we discuss the measurements of photoelectron angular distribu-
tions for two-photon ionization of atomic rubidium using elliptically-polarized light!®],
These measurements represent a complete determination of the atomic parameters rel-
evant for photoionization (i.e., relative cross sections and continuum function phase
differences) through a single laboratory observation, in contrast to all previous meth-
ods as discussed above. The results yield not only the magnitude of the phase differ-
ences (modulus 7) but the sign as well, and are in excellent agreement with expected
values over a range of photoelectron kinetic energies. A theoretical analysis of the
experimental determinations is presented in Ref.[10].

The traditional technique for the measurement of PAD uses a single channel
electron detector to collect the photoelectron flux in several directions in a plane per-
pendicular to a laser beam with linearly-polarized light. Unfortunately, the atomic
parameters cannot be uniquely determined from these measurements of PAD. In order
to measure complete angular distributions of photoelectrons we use a special designed
apparatus with a micro-channel plate (MCP) and a charged coupled device (CCD)
camera to collect the photoelectrons emitted from the interaction region in all direc-
tions. The collected electrons form a two-dimensional image on the phosphor screen.
The images created by elliptically-polarized light are asymmetric. This image asym-
metry in the present procedure is critical in that it allows us to exploit the asymmetry
of the angular distribution to carry out our complete determinations.
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Multiphoton ionization of atoms and photoelectron angular

distributions

This section is primarily concerned with the basic concept of multiphoton ion-
ization of atoms, the principle of the measurement of PAD, and the determination



