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I. INTRODUCTION 

In September of 1996 we were awarded an instrumental “facilities initiatives” grant of 
$900,000 over a three year budget period, to build an Atomic and Molecular Facility (AMF) for 
research using the Advanced Light Source (ALS) at Lawrence Berkeley National laboratory. 
This award was supplemented with $135,000 for the budget period September 1999-August 2000 
to allow completion of the projects. 

The funds were awarded to develop, build and upgrade state-of-the art end-stations to 
take advantage of third generation light source attributes such as 1) resolution, better than 10,OOO 
and in some cases 64,000 was achieved (1 meV resolution at 64 eV photon energy for example), 
2) circularly polarized light allowing electron spin-resolved experiments, 3) high brightness and 
high flux allowing precision measurements of tenuous targets such as atomic vapors and ions. 
These funds were necessary to build new instruments to conduct synchrotron-based research 
utilizing the A L S  since research accomplishments were limited by the experimental apparatus, not 
the photon source. The AMF, located at the ALS, was built with the intent to be used as a facility 
for the atomic and molecular community in general. A brochure describing the facility and 
advertising it to the community is enclosed with this proposal. The facility has been built by the 
participator research team (PRT) composed of Prof. Duane Jaecks (University of Nebraska, 
Lincoln), Prof. Ron Phaneuf and collaborators (University of Reno, Nevada), Dr. John Bozek 
(ALS, Lawrence Berkeley National Laboratory), and myself as their spokesperson. The complete 
list of scientists involved with the facility initiative proposal can be found in section IV. 

All of the undertaken projects are completed and are operational. They consist of 1) a high 
resolution hemispherical electron analyzer (scienta) housed in a rotatable chamber (to conduct 
high resolution measurements in atoms and molecules), 2) an electron spin-polarization apparatus 
to conduct spin resolved experiments 3) an ion-photon collinear beam apparatus to conduct 
photoionization of positive and negative ions 4 ) a polarizer device that produces circularly 
polarized light. Funds were also used to purchase a data acquisition system for a recoil ion 
spectrometer (COLTRIM end-station, Lew Cocke (Kansas State University)) to conduct e-ion 
coincidence experiments, and a computer for our theorists collaborators (Chris Grenne 
(University of Colorado) and Tony Starace (University of Nebraska, Lincoln)). 

The choice of the built instruments have been made in order to push forward our 
fundamental understanding of the many-body problem by conducting photoexcitation and 
photoionization experiments in atoms, molecules and in the future of clusters. Since no single 
instrument can measure all the parameters necessary to understand the structure and dynamics of 
atoms and molecules, we have designed three unique end-stations that are all complementary to 
each other and which can allow achievement in some cases of the “complete experiments” or 
allow measurements with unprecedented resolution and details that may give new insight into the 
many-body problem. For example, the hemispherical analyzer (described in section XI. A) allows 
high resolution measurements of the partial cross-sections and angular distribution parameters in 
photoionization experiments of molecules and atoms. These measured parameters are then used 
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with the spin-resolved data measured using the spin-resolved end-stations (described in section I1 
B) to determine all parameters needed to describe entirely a photoionization experiment, ie, a 
complete experiment is achieved. Thus, these two end-stations are complementary and allow one 
to extract all the relevant parameters needed to achieve a “complete experiment” on neutral 
atomic and molecular targets. These two instruments can study any targets, from light to heavy 
atoms and from small to large molecules, including some clusters. The ion-photon end station 
(described in section’I1.C) is also unique, in the sense that it combines an ion and photon beam in 
a collinear geometry for the study of ions, both positive and negative ions. These three end- 
stations were proposed to be built to conduct AM0 research in the 1996 instrumental facility 
initiative grant proposal by the PRT. These end stations will allow research that have been 
specifically mentioned to hold promises in the final report (page 6-7) of the” Atomic Molecular 
and Optical Physics panel A: Interaction of Atoms and Molecules with Photons-Low Field” 
chaired by Dan Kleppner in the 1997 DOE workshop held in Chantilly, Virginia and by the Report 
on ‘Workshop on Scientific Directions at the ALS” held at ALS, March, 1998 and chaired by 
Yve Petroff(European Synchrotron Radiation Facility) (page 199-214). 

The grant allowed the purchase and manufacture of the above projects as well as the 
support of two postdocs, located at the A L S  since most PRT members do not reside in Berkeley. 
The postdocs helped with the construction of the projects and are now assisting independent 
investigators and PRT members with the use of the sophisticated experimental systems. 

Studies of absorption of photons by atoms, molecules and ions are not only interesting 
from a fundamental research point of view but have also connection and important applications in 
many other areas of science and technology. Understanding of atomic and molecular core 
excitations and complex decay processes contribute to the development of knowledge and 
provide data for other disciplines. For example, they may provide solid states effects, element- 
specific information on trace contaminants in biological materials, and data relevant to radiation 
damage of molecules, including DNA and proteins, data for astrophysical and fusion plasma 
research as well as for environmental (global warming), soil and groundwater studies. They will 
have direct impact on catalysis, atmospheric chemistry and material science and are important for 
the development of new technologies such as making novel x-ray lasers, and the manufacture of 
various detectors used in industry and health areas. 

From an educational point of view, the use of the Ah4F by a variety of students will also 
provide training for students who will graduate with a broad and strong knowledge that prepares 
them not just for academic careers, which are scarce at present, but also for employment in many 
other areas that need scientists with broad skills. Thus students with such a training can contribute 
to the fields of life sciences, protein crystallography and structural biology which are presently 
experiencing tremendous advances as well as to contribute to laser, micro-chip, nanoscale 
technologies and other industries that use the ALS for their applied research. 
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Since this instrumental grant will expire in August of 2000 and since significant 
investments have already been made, we need to request a modest grant renewal to: 

1) Operate the facility since beamtime is available year round, 24 hours a day. We 
request support for at least one postdoc (or research associate) who is 
necessary to assist independent investigators (1.1.) that submit proposals 
through the ALS peer review system to use the facility. PRT members can not 
assist these users most of the time since they reside elsewhere and have other 
responsibilities. Also, the I. I. cannot use the facility on their own since the 
experimental systems are complex and delicate. 

2) Maintain the facility. Material and supply will be needed to replace, fix and 
maintain the equipments. 

Support is therefore requested to pay one postdoc (or research associate) to operate the 
facility at the ALS and to maintain the facility. 

The description of the AM0 facility at the ALS and other projects, including initial results 
and related publications and presentations are given section 11. Section I11 gives a brief proposal 
to operate the AM0 facility. Section N list the personnel and section V the budget. A letter of 
support from the director of the A L S  is included in Appendix 1. 
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I) Introduction 

The investigation of the structure and dynamics of molecules is benefiting from rapid 
technological development of high resolution spectrometers and photon sources. Inner-valence 
photoionization studies exhibit complex photoelectron spectra due to many-electron processes in 
addition to the main band expected from an independent electron picture. A good description of 
these spectra generally requires consideration of configuration mixing in the final and initial 
states. Over the last twenty years, photoelectron spectroscopy (PES) has proven to be one of the 
most powerful techniques for the study of many-electron processes in atoms and molecules. 
PES has the unique capacity to study separately the different decay channels that follow 
photoionization since it can characterize the individual processes contributing to the different 
ionic yield. Measurements of the partial cross section and of the angular distribution of the 
emitted electron are necessary to unravel the different processes that occur after absorption of 
photons. 

A challenge for inner-shell photoelectron spectroscopy has been the study of molecules 
in which the carbon atoms have similar ionization energies even though they are quite distinct 
chemically. Only recently has it been possible to resolve the contributions from these carbons in 
the carbon 1s photoelectron spectrum of propyne and to correlate the ionization energies with the 
reactivity.[ 11 The very high resolution capabilities of the Advanced Light Source present a long- 
awaited opportunity to examine inner-shell photoelectron spectra of such molecules and to gain 
chemical insights that were previously inaccessible. High-resolution inner-shell photoelectron 
spectra of certain molecules reveal a number of features that relate to the chemistry of the 
molecule and to the chemical physics and dynamics of the ionization process. Among these are 
chemical shifts of the ionization energy due to the local environment of the core-ionized atom, 
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vibrational excitation that occurs during ionization, line broadening that results from the finite 
lifetime of the core-ionized state, distortion of the line shape that results from interaction of the 
outgoing photoelectron with the Auger electron (emitted in the deexcitation of the core hole), 
localization-delocalization effects that can occur in molecules with equivalent atoms (such as 
HCCH), and, for ionization of levels with IS, molecular-field splitting, which removes the 
degeneracy of levels such as 2p,, that are degenerate in the spherical case. 

A new endstation for the study of high-resolution differential photoionization experiments in 
atoms and molecules is described below. In addition, highlights are presented of recent 
photoionization experiments. 

2) Report on the photoelectron Spectrometer endstation 

The spectrometer is a commercial Scienta SES-200 hemispherical electron energy 
analyzer and is optimized for gas-phase studies of atoms and molecules. It is housed in a 
vacuum chamber, as shown in Fig. 1 a, that maximizes the performance with gaseous samples by 
using differential pumping stages both in the experimental chamber and in the connection to the 
beamline. 

Scienta 
SES-200 

threaded 
rods 

crossbar with 
bevel gears 

alignment 

Fig. la) Schematic of the photoelectron spectrometer, the chamber and the stand. 
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Fig. lb) Schematic of the hemispherical analyzer. 

The analyzer, electron lens, (as shown in Fig. lb) and experimental chamber are surrounded by p- 
metal layers providing magnetic shielding. The number and diameter of access ports has been 
kept to a minimum in order to reduce the penetration of the magnetic field into the interaction 
region. The sample gas is fed into a gas cell, which is mounted directly to the lens of the 
analyzer. The pressure in the cell can be raised to about 10” torr. Electrodes are placed inside 
the gas cell at both ends along the photon path to correct for small gradients in the potential and 
to improve the energy resolution. 

A key feature of the system is its ability to record angle-resolved data, which requires the 
analyzer and experimental chamber to be rotatable around the axis of the photon beam as shown 
in Fig. la. This is a nontrivial mechanical problem because of the high precision required and 
heavy weight of the analyzer (about 200 kg). 

The analyzer is operated in a constant pass energy mode, which can be selected 
according to the conditions of the experiment. Under the most stringent settings of 5 e V  pass 
energy, an energy resolution better than 5 meV is achieved. 

The complete analysis of a molecular spectrum requires an understanding of a number of 
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factors: the vibrational excitation that occurs during ionization, the line broadening that results 
from the finite lifetime of the core-ionized state, and the distortion of the line shape that results 
from interaction of the outgoing photoelectron with the Auger electron (emitted in the de- 
excitation of the core hole). In addition, it is necessary to understand the instrumental features 
that affect the spectrum. These include the calibration of the energy scales of the monochromator 
and electron-energy analyzer, the resolution of the photon beam, the resolution of the electron- 
energy analyzer, and the variation of the analyzer transmission with electron energy. We 
included all of these factors in the analysis of the initial results listed below. 

Initial Results: 

The use of the photoelectron spectrometer has allowed interesting results to be obtained 
for a number of molecules as can be seen from the publication list. Below is a summary of 
results in the case of CO, ethyne (HCCH), propyne (CH,C/CH) and methane (CH,). 

Auger Decay of the C 1s-I 27c* Resonance : Vibrationallv and Angularlv Resolved Spectra 
in CO r21 

The Carbon monoxide molecule has evoked considerable experimental and theoretical 
interest and several calculations related to the Auger decay of the core-hole states have been 
published. However, no previous experiments measured the full vibrational structure of the final 
ionic states. 

The motivation for this work was to provide precise information used to determine the 
shape of the potential energy curves by measuring with precision vibrationally resolved Auger 
electron spectra that decay from the high vibrational levels, v=0,1,2, of the 27~* and to compare 
our data with latest theoretical results. 

the photon source, to measure spectra linewidths that are limited only by the experimental 
resolution rather than the lifetime of the core hole. We have measured angle resolved Auger 
electron spectra from the decay of the v=O, 1, and 2 levels of the C 1s-' 2n* bound state 
resonance at a photon energy of 287 eV with the highest achieved electron and photon energy 
resolution to date. Our measurements completely resolve the vibrational structure of the final 
electronic states. The experimental resolution was half the intrinsic width of the C 1s 
photoelectron line. This work allowed new information about singly charged states of C O  since 
it revealed new states (*A, 'E-) predicted by an ab-initio calculation. Also, the comparison of our 
data with the calculation is excellent for the low kinetic final ionic states but was only in general 
agreement with the higher kinetic energy final ionic states. A complete report on this experiment 
is described in ref [2]. 

We used Resonant Raman Auger spectroscopy, possible with the above spectrometer and 
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Binding energy (eV) 

Fig. 2 a) Shows the electron spectra of the C 1s-' to 27c* excitation in CO in which the Auger 
decay to various final ionic states are fully vibrationally resolved. b) ab-initio theory. 

Carbon 1s Photoelectron Spectrum of Ethvne to Determine the Existence of a Shape 
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resonance 131 

vibrational ground state of the ion. The most 
prominent part of this peak results from 
ionization of the log orbital and the shoulder at 
lower ionization energy from the lou orbital. The 
u-g split shoulder on the high-energy side of the 
peak results from the v = 1 excitation of the 
carbon-carbon stretching mode. It is apparent 
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and lo, orbitals in ethyne. b. Cross section for carbon 1s ionization 
in HCCH. Circles: total single-hole cross section. Triangles: cross 
section for ionization of lou (open) and lo, (closed). Lines are 
theoretical cross sections for ionization of lo, (dashed) and 15,' 
(solid). 
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since the transition log-+kou is allowed by dipole selection rules but the transition lou+kou is 
not. We have mapped out the ionization intensity ratio (lou/log) as a function of photon energy, 
and these results are shown in Fig. 2a. Combining these with measurements of the carbon 1s 
ionization cross section [5],  we obtain cross sections for the ionization of the log and lou 
orbitals. These are shown in Fig. 2b, where they are compared with theoretical predictions of the 
cross sections [6]. Both theory and experiment show a cross section for lou ionization that 
decreases monotonically with increasing photon energy and a cross section for log ionization 
that has a peak. The theoretical ionization intensity ratio (loJla,), shown as the solid curve of 
Fig. 2a, reproduces the trend of the data. Although there is not quantitative agreement between 
theory and experiment, it is apparent that the theory includes most of the basic physics of the 
process. 

shape resonance at a photon energy of about 3 10 eV; they also make clear the importance of 
having a high resolution spectrometer to measure detailed information for making such an 
assignment. 

These results are the first unambiguous measurements that support the assignment of a ou 

Carbon 1s Photoelectron Studies of Methane r71 

Carbon 1s photoelectron spectra have 
been measured for CH, at photon energies of 
302,320, and 330 eV and for CD, at 330 eV 
with an instrumental resolution about half the 
natural line width for the first time. The 
spectrum of CH, at 330 eV is shown in Fig. 
3. The spectra have been analyzed to obtain 
vibrational spacings, vibrational intensities, 
and the lifetime of the carbon 1s core hole 
state. The vibrational intensities vary with 
photon energy, in agreement with earlier 
results [8]. At 330 eV, the observed 
vibrational intensities for both CH, and CD, 
can be understood only if anharmonic 
effects (consistent with the predictions of 
theory) are included. On the other hand, the 
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Figure 3. Carbon Is photoelectron spectrum of CH, 

vibrational spacings in CH, show no evidence for anharmonicity (in contrast with theoretical 
predictions). In CD, the observed anharmonicity in the vibrational energy spacings is about half 
of the predicted value, but the experimental and theoretical values differ only by an amount 
comparable to the experimental uncertainty. The measured values of the lifetime show a 
dependence on photon energy; this is attributed to failure of the theory of post-collision 
interaction to predict correctly the observed electron spectrum near threshold. At 330 eV, the 
measured Lorentzian lifetime, 93-95 meV, agrees with predictions of simple theory, but not with 
the prediction of more complete theory. The measurements also show systematic discrepancies 
between the observed line shapes and those predicted by the theory of post-collision interaction. 
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Carbon 1s  Studies of Propvne 191. 

In propyne, CH,C/CH, the three carbons are chemically inequivalent. The CW unit is the site for 
electrophilic attack and is the basic end of the molecule. The central carbon, while susceptible to 
attack is not so reactive as the CW carbon. The CH, carbon, less reactive than the others, is the 
acidic end of the molecule. The inner-shell photoelectron spectroscopy of this molecule provides 
a basis for a better understanding of its chemistry, and, by extension, that of more complex 
molecules. Such knowledge can enhance our ability to predict properties of molecules and to 
design molecules with pa&cular properties. 

The best previous measurements of 
the carbon 1s photoelectron spectrum of 
propyne by Cavell [ 101 showed only a 
single asymmetric peak (as shown in the 
middle panel of Fig. 4). Although he 
analyzed this in terms of three 
components, each representing a 
contribution from one of the carbon 
atoms, Cavell expressed reservations about 
both the positions and the assignments of 
each component. It was, therefore, 
difficult to draw firm conclusions about 
the chemistry of the molecule from these 
measurements. 

With the high-resolution 
capabilities of the spectrometer and the 
beamline 10.0.1, it has been possible to 
resolve the contributions from the three 
inequivalent carbons in propyne. The 
spectrum for this molecule is shown in 
Fig. 4, where it is compared with that of 
ethyne (above) and ethane (below). Shown 
as a dashed line in the center spectrum is a 
representation of the earlier spectrum 
measured by Cavell [ 101. The additional 
structure that is revealed at higher 
resolution is striking. 

n 
v) 

c 
=I 

c, .- 

290 29 1 292 293 
Figure 4. carbon 1 s photoelectron spectra of ethyne, propyne, 
and ethane Ionization energy (eV) 
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The three peaks in the propyne spectrum can be assigned to the three carbons by comparison 
with the model spectra of ethyne and ethane. Comparison with the spectrum of ethane shows a 
strong resemblance between the peak labeled "c" in propyne and the ethane spectrum, and we 
are therefore confident in assigning this peak to the CH, group in propyne. The vibrational 
pattern of peaks "a" and "b" are similar to the structure observed for ethyne, allowing us to 
assign these two peaks to the acetylenic part of the molecule. These assignments are in accord 
with theoretical calculations of both their shapes and positions, and these calculations allow us to 
assign peak "a" to the CH carbon and peak "b" to the central carbon of propyne. 

now available, the techniques of x-ray photoelectron spectroscopy can be extended into studies 
of hydrocarbons. A richness of detail is observed, both in vibrational structure and in the 
variation in ionization energy. The work on CH, provides an important test of ab initio theory 
and the work on propyne provides insight into a variety of fundamental chemical phenomena. 

The results shown here for propyne indicate that, with the high-resolution capabilities 

Molecular-Filed Splitting and Vibrational Structure in the Phosphorus 2p Photoelectron 
Spectrum of PF, rill 

In simplest approximation, the three 
2p orbitals of an atom are 
degenerate. If spin-orbit coupling is 
important, then this degeneracy is 
removed, and we have 2p1, and 2p,, 
orbitals for a spherical atom. In a 
molecular environment it is possible 
that the molecular field further splits 
the degeneracy of the 2p,, orbital 
into two components corresponding 
approximately to &1/2 and &3/2 
projections of the angular 
momentum on the molecular 
symmetry axis. In addition, for a 
molecule, there is likely to be 
vibrational excitation accompanying 
core ionization, since the equilibrium 
bond lengths for the core-ionized 
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Figure 5. Phosphorus 2p photoelectron spectrum of 
PF3 

molecule are usually different from those 
for the neutral molecule. Both of these features are apparent in the phosphorus 2p photoelectron 
spectrum of PF,, illustrated in Fig. 5. In this figure, the points show the experimental data and 
the solid line through the points shows a least-squares fit to the data. The unshaded structure to 
the right shows the fit to the vibrational structure of the 2p1, group. The two shaded structures, 
which are identical in shape to the 2p,, structure show the fits to the 2p3n, 
groups. The adjustable parameters in the fit are the positions of the peaks in the 2p,, group, the 
spin-orbit splitting between the 2p1, group and the centroid of the 2p,, group (881 meV), and the 
molecular-field splitting between the two components of the 2p,, groups (146 meV). 

and 2p3n. an  
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The pronounced vibrational structure seen in the phosphorus 2p core-ionization of PF, 
indicates that there is a significant bond-length change accompanying ionization. From the 
measured Franck-Condon factors together with a model that includes the measured 
anharmonicity, we can infer that the PF bond contracts by 6.0 pm. A simple theoretical model 
based on the equivalent-cores approximation, which has proven successful for the analysis of 
vibrational structure in the core ionization of carbon 1s electrons in hydrocarbons [12], predicts a 
bond contraction of only 4.2 pm, and, therefore, predicts too little vibrational excitation. 
Modifying this model with a different basis set produces excellent agreement with experiment, 
but, at this stage, it is impossible to say whether or not this will be a generally useful approach 
for understanding the vibrational structure seen in the 2p ionization of second-row atoms. An ab 
initio hole-state calculation that has worked quite well for methane [7] gives a predicted bond- 
length change that is close to the experimental value, but low by 0.8 pm. 

simple point-charge, crystal field, model, which would predict a very small splitting, is not 
adequate to describe this phenomenon. It is necessary to consider the effect of the polarization of 
the valence electrons because of bonding, and, more important, it is necessary to take account of 
core-valence correlation in understanding this splitting. [ 131 When these effects are included, we 
obtain a predicted value for the molecular-field splitting of 136 meV, in good agreement with 
the experimental value. 

The molecular-field splitting of the 2p,, line in the spectrum, 146 meV, is significant. A 
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1) Introduction 

The so-called “complete experiments” in atomic and molecular photoionization have 
become possible in recent years due to the development of highly differential experimental 
methods and elliptical polarized light provided by third generation light sources. An experiment is 
complete, if in the framework of a given physical model, all parameters that describe the process 
can be determined quantum mechanically. 

Most spectroscopy experiments are spin-unresolved, giving partial information on the 
photoionization and Auger processes. Namely, only the partial cross section and angular 
distribution can be obtained in differential measurements. Transitions matrix elements and phase 
shifts between the outgoing waves cannot be determined with these two parameters. Three 
additional parameters, the three spin-polarization components, are needed. Therefore, measuring 
spin polarization of photo- and Auger electrons from free atoms and molecules after 
photoionization by circularly polarized light allows one to conduct quantum mechunicully 
complete experiments and to extract the dipole and coulomb matrix elements [ 13. 

The spin polarization of photoelectrons, produced with radiation of any polarization, can 
occur only if relativistic effects are taken into account, e.g. the spin-orbit split components of the 
photoion are resolved and/or a strong spin-orbit interaction is present for the electron in the 
continuum [2]. The hole left behind will be oriented and Auger decay of these holes results in spin 
polarized Auger electrons [3]. The polarization of the singly charged photoion can be determined 
both from the properties of the photo- and of the Auger electrons. These measurements allow 
tests of the validity of the two-step-model of the Auger-decay (in this model the photoionization 
and Auger decay processes are assumed to proceed independently). Correlations between the 
outgoing electrons, such as post collision interaction, can be examined and angular momentum 
coupling models of two-hole states can be tested. A complete characterization of a photoprocess 
yields the dipole matrix elements of the specific photon-atom interaction. Through the matrix 
elements information about the most basic quantity of quantum mechanics, the wave functions of 
the initial (atom) and final (ion) states can be gained and thus different physical models of the 
atomic structure and photon-atom interaction can be tested. Also the detailed examination of 
Auger processes by means of spin-resolved electron spectroscopy of free atoms is very important 
for the understanding of similar phenomena in condensed matter [4]. In the case of experiments 
on metal vapor, we can extract in addition to fundamental information, the magnetic moments that 
can be compared to values obtained using solids. The comparison of those values infer solid-state 
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effects. 
Spin-resolved measurements in the gas phase have been pioneered [ 1,5 ,6]  in Europe and 

researchers have struggled with low counting rates due to the combination of tenuous targets and 
insufficient photon intensity. Complete photoionization experiments on valence electrons were 
performed up to about 30 eV photon energy using spin-resolved photoelectron spectroscopy and 
off-plane synchrotron radiation [7]. Using the same techniques, radiationless decays have been 
studied on free Ba atoms for excitation energies below 30 eV [SI. Complete innershell 
photoionization experiments were performed on the Xe 4d subshell at two specific photon 
energies only, 94 eV and 132 eV, using a photoelectron-Auger electron coincidence technique [5, 
91. At 94 eV also spin-resolved measurements were performed [lo] where a Mo/Si multilayer was 
used to produce circularly polarized light [l 11. The first spin-resolved measurements on deep 
innershell electrons were done at an ionization energy of 834 eV on the Xe 3d photoelectrons and 
MNN Auger group [4] at the helical undulator beamline of the ESRF. 

Due to the lack of an intense source of circularly polarized synchrotron radiation in the energy 
range of 30-500 eV, no systematic studies of the photoionization and Auger decay of free atoms 
and molecules could be done in the very important W V  region. However, with the ALS elliptical 
polarizer undulator (EPU), it is now possible to conduct these types of experiments using 
circularly polarized beam. 
A new endstation for the study of spin-resolved investigation is described below. In addition, 
highlights are presented of recent photoionization measurements. 

2) Report on the Electron Spin-Polarization Endstation 

We have built a very efficient experimental system [ 121, shown in Fig. 1, based on time-of-flight 
(TOQ electron energy analyzers [ 131 combined with compact Mott polarimeters [ 141. Due to the 
substantial loss of signal intensity during Mott scattering our experiment benefits considerably 
fiom the TOF technique’s inherent capability of simultaneous acquisition, and in this case 
additional spin polarization analysis, of all photolines and Auger electrons in a spectrum with a 
high signal to noise ratio. A distinctive feature of our system is that it allows the simultaneous 
measurement of all three components of the spin polarization vector. This has not been achieved 
yet in any other experimental system. 
The Mott polarimeters are of the retarding-field type and follow the Rice University design [14]. 
We use microsphere plates (MSPs) as electron detectors, to achieve the high timing resolution 
needed for time-of-flight electron spectroscopy [12]. Briefly, after the gas-phase target interacts 
with the photons in the interaction region, electrons (photo- and Auger) resulting from 
photoionization, are detected by an electron TOF spectrometer. The electrons are allowed to drift 
in the TOF drift tube and are then accelerated to 25 KV to the scattering thorium target. Mott 
polarimeters take advantage of the IeWright scattering asymmetry that results due to the spin- 
orbit effect when (polarized) electrons scatter quasi-elastically from a high-Z target maintained at 
a high potential. This asymmetry A is related to the component of electron spin polarization 
perpendicular to the scattering plane by P=A/Seff, where Seff is the effective analyzing power. 
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The detector signals are treated the same way as any TOF signal, i.e. the time difference between 
the ionizing light pulse and the arrival of the electrons is measured. 

In order to obtain all three polarization components, we have built two Mott-TOF systems. One 
of the Mott polarimeters is equipped with four MSP detectors and thus can measure the two spin 
polarization components Px and Py, which are perpendicular to the electron propagation direction 
(transversal components). In order to be able to determine the longitudinal component Pz, i.e. the 
one parallel to the electron propagation direction, the electron polarization has to be rotated by 90 
degrees, before it can be detected in a Mott polarimeter. For this reason, we inserted a Wien filter 
between the TOF and the Mott in the second spectrometer system. A Wien filter is a device, 
which can rotate the electron spin polarization by utilizing a crossed electric and magnetic field. 
Additionally, a standard TOF spectrometer is also part of the apparatus for calibration and setup 
purposes. 
The endstation is separated from the beamline by a differential pumping stage. A similar 
experimental setup was used in earlier measurements at other synchrotron radiation sources with , 

great success [4]. Our experimental system is greatly improved in comparison, since we will be 
capable of measuring all components of the spin polarization vector simultaneously. 
For these types of experiments, there is a need for high degree of circular polarization and high 
flux that can be obtained using the EPU beamline 4.01. Since the system is based on TOF 
electron energy analyzers the experiments are conducted during the double bunch operation of the 
A L S  storage ring that occur twice a year, for two weeks each time. 

DETECTOR 2 - 3% Bandwidth - 10’6 photons/(s - 1 OOmA) 

M O T  - POLARIMETER 

DETECTOR 1 

ELECTRON DRIFT TUBE Pcirc > 0.95 

DIFFERENTIAL PUMPING 
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BEAMSTOP 
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ELLIPTICAL 
POLARIZATION 
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STORAGE 

RING /’ 

UNDU LATOR / 
// 

u GAS INLET 

Fig. 1. Schematic of the spin-resolved apparatus. 
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Initial Results: 

We have already made a proof of principle of the experimental system by carrying-out 
experiments on rare gases Ar, Kr, and Xe [ 151 using the EPU without monochromator since it 
was not ready. For the first time, a complete characterization of the xenon 4d photoionization 
process over the energy range of 100-300 eV was carried out because the cross section shows an 

Ahv = 3.5 eV 

+ I+  (spin T 1  hv) 
-0- I- (spin TT hv) 
-e- Intensity 

Kinetic Energy [ev] 

Fig. 2 Xe N4,502,302,3 Spin-resolved spectra taken with the new endstation and the EPU 
beamline with circularly polarized light. 

interesting behavior over this photon energy range. At 100 eV (approx. 30 eV above threshold) it 
reaches a broad maximum, a shape resonance, andbat 180 eV it runs through a minimum, a 
Cooper-minimum. Fig.2 shows the spin-resolved Xe N4,502,302,3 Auger spectra taken at photon 
energy of 141 eV. The bottom curve shows the total intensity of the Auger lines and the top 
curves show the intensities in the case of the electron spin parallel or anti-parallel to the photon 
direction. Clearly these spectra show evidence of spin polarization. Also, it is interesting to  notice 
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that although in the total intensity the 3P1 and 3 P ~  are not resolved they are clearly separated in 
the spin-resolved intensity. The measurement of the spin polarization of the 'So lines of the 
N4,502,302,3 Auger group allow us to determine the orientation of the singly charged 

4d- photoion. These needed results yield additional information about the photoionization 
process and thus complete the set of the photoionization parameters. The spin polarization of the 
other lines of the Auger group give information on the Auger-decay itself. 

parameters using cross sections and'angular distribution parameters already known for this region 
[16, 171 and some measured by us [ 18,191. These parameters are respectively proportional to the 
magnetic dipole and electric quadrupole moments. Since the EPU's bandwith was only about 3.5 
eV, all we could measure was spin-resolved Auger spectra but not photolines therefore only the 
Coulomb matrix elements can be obtained. The measurements were also done on the Kr MNN 
and Ar LMM decay processes in the photon energy range of 130-600 eV. The use of the 
broadband radiation allowed high efficiency measurements especially around the Cooper minima 
where the intensity of the lines is weak. 

For the first time, our measurements covered a broad photon energy range and in 
particular the weak Cooper minima. Also, for the fist time, our measurements allowed us to 
prove the theoretical expectation of the vanishing of the f component of the outgoing electron 
wave. [ 15,191 

Future experiments will be done in vapor targets, metal and transition metal, and in 
molecules. In the case of metal vapors, from the measurement of the orientation and alignment 
we can extract the magnetic dipole and electric quadrupole moments that can be compared to the 
values obtained using solids. The comparison between the values obtained in the gas-phase and 
the solid state-phase will allow one to infer solid-state effect. In the case of molecules, one is able 
to study chirality in molecules. These experiments will be hard, since the count rate will be low, 
but not impossible. 

1 

The data is presently being analyzed in detail to extract the orientation and alignment 
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1) Introduction 

Most of the known matter in the universe exists in the ionized plasma state, and the 
majority of the information that we have about the distant universe is carried to us by photons. 
Therefore a quantitative understanding of plasma opacities (the processes by which photons are 
emitted and reabsorbed by ions) is fundamental to astrophysics. The situation is similar for laser- 
produced plasmas in both inertial confinement fusion and XUV-photolithography research. A 
majority of photon opacities are currently based on theoretical calculations, and experimental 
benchmarks are few. Through the use of well-established accelerator technology, ion beams can 
be extracted from plasmas under highly controlled laboratory conditions. These ion beams are 
readily amenable to experimental study. Combining these techniques with emerging synchrotron 
technologies [l], such as undulator beamline 10.0 at ALS, affords a unique opportunity to  study 
the interactions of photons with atomic and molecular ions found in the plasma state. New 
measurements may now be carried out that provide high-resolution spectroscopic data, resonance 
line-shapes, as well as absolute photoionization cross sections. In atomic and molecular physics, 
such data are needed for isolated ions in order to understand electron-electron interactions in 
complex, highly correlated systems. A new endstation for the study of ion-photon interactions at 
ALS is described. In addition, highlights are presented of two recent photoionization 
measurements; the first a study of metastable states of O', and the second involving measurements 
on Ne' at high spectral resolution. 

I 
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2) Report on the Ion-Photon-Beam Endstation 

A schematic diagram of the endstation developed for the study of photon-ion interactions 
is shown in Fig. 1. Singly-charged ions are produced in a hot-filament discharge ion source, and 
accelerated to ion beam energies ranging from 5- 15 keV. Following extraction, the primary ion 
beam is focused by a series of cylindrical electrostatic einzel lenses. Ionic species are selected 
using a 60" analyzing magnet with a mass-per-charge resolution of approximately100. The cross- 
sectional area of the ion beam is defined by two sets of adjustable beam slits mounted in the plane 
perpendicular to the ion beam velocity vector. After the ion beam has been selected and 
collimated, a set of 90" spherical-sector bending-plates merge the ion beam onto the axis of the 
counter-propagating photon beam from A L S  beamline 10.0. The primary ion beam then enters a 
cylindrical interaction region that can be electrostatically biased to energy label the energy of 
photo-ions produced therein. In the center of the interaction region, the two-dimensional spatial 
overlap between the photon and ion beams is measured using a stepping-motor-driven slit 
scanner. Similarly, rotating-wire beam profile monitors are used at the beginning and end of the 
interaction region in order to ensure that the beams are well collimated along the entire interaction 
region. Fine positioning of the ion beam trajectory is achieved by two sets of mutually 
perpendicular electrostatic steering plates mounted immediately before the merging plates. The 
photon intensity is monitored using a calibrated Si p-n junction photodiode. A second 45" 
analyzing magnet demerges the beams and disperses doubly-charged photo-ions produced in the 
interaction region from singly-charged ions in the primary beam. 

Figure 6 .  Ion-photon-beam (IPB) research endstation installed at ALS undulator beamline 10.0.1 
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Following dispersion into the vertical plane, the interaction primary beam is collected in a 
Faraday cup, while the photo-ions pass through a hole in the back of the cup. The primary ion 
beam current is monitored for normalization of the photo-ion yield. The photo-ion beam enters 
another set of 90" spherical-sector bending-plates that deflect the beam out of the vertical 
dispersion plane and help to minimize background counts associated with the collection of the 
primary ion beam. Thereafter, the photo-ions enter a negatively-biased detection box, wherein the 
ions impinge upon a stainless steel plate and produce secondary electrons, which are in turn 
accelerated towards a microspherical plate single-particle detector with a positively-biased anode. 
It should be noted that doubly charged ions are also produced in collisions between the fast- 
moving ions in the primary beam and residual gas molecules in the ultra-high vacuum system. 
Hence, it is necessary to chop the photon beam in order to subtract this background. 
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Figure 2. Comparison of photo-ion yield measurements and theory 
for near-threshold photoionization of O', showing 
the contributions of metastable states. 

Figure 3. High-resolution photo-ion yield measurements 
photoionization of Ne+ with E = 7.5 meV. 
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Photoionization measurements on 0' were made over a broad photon energy range (29-5 1 
eV). A photo-ion yield spectrum taken in the photon energy range near the 0'' ionization 
threshold is shown in Fig. 2. This spectrum was taken with a nominal photon energy resolution of 
25 meV. The resonance features below the O'(2s22p3 4S) ground state threshold at 35.12 eV 
correspond to photoionization from the 0' (2s22p3 'D and 2P) long-lived metastable states. 0' 
metastable ions are ubiquitous in nature, and account for 60% of the total ion beam current. The 
metastable fraction was determined by passing the 0' ion beam through a nitrogen-filled gas cell 
placed at the output of the ion source. The metastable components of the 0' beam undergo a 
resonant charge transfer process with the N2 gas molecules and are neutralized [2]. In contrast, 
charge transfer with the 4S ground state is non-resonant. Therefore, it is possible to readily 
attenuate the metastable ions and to determine their population in the beam. Also shown in Fig. 2 
are the results of recent R-matrix calculations of cross sections for photoionization from the 'D 
and 2P metastable states [3]. 

energies just below the Ne2' ('D) ionization threshold (44.167 eV). At least two Rydberg series 
are evident in the spectrum, and are assigned to the Ne' 2p4 ('D) nP autoionizing resonances [4.] 
The metastable states of Ne'all have lifetimes of less than 100 ns, so the beam is comprised of 
ground state ions only in this case [5]. This spectrum was taken with a nominal photon energy 
resolution of 7.5 meV, a demonstration of the high-resolution capabilities of the ion-photon-beam 
endstation at ALS beamline 10.0. Line-widths of several individual resonances have been 
measured at a nominal resolution of 1 meV. Comparisons with predictions of a recent 28-state R- 
matrix calculation [6] indicate that spin-orbit coupling may be required to reproduce all of the 
experimentally observed resonance features. Absolute photoionization cross section 
measurements have also been completed for both 0' and Ne'. 

Shown in Fig. 3 is a photo-ion yield spectrum for the photoionization of Ne' at photon 
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1) Introduction 

We have developed a new paradigm to quantify relativistic electron-electron interactions 
in multielectron isolated atomic systems using photoionization by circularly p o l e d  vuv 
radiation. This new paradigm utilizes the property that circularly polarized synchrotron radiation 
has a specific intrinsic angular momentum and complements the well established methods of using 
the wave nature of synchrotron radiation to study the details of nanoscale systems. Since the 
angular momentum is conserved in isolated atomic systems, the one unit of angular momentum of 
the incident circularly polarized photon is absorbed by the atomic system and transferred to 
atomic electrons as their orbital and spin angular momenta. After photoionization of the atomic 
system, we measure the degree of circular polarization of the visible fluorescent radiation from the 
residual excited ion. In the last step of our algorithm we extract a measure of the relativistic 
interactions between the electrons using the well-known angular momentum coupling rules. 

2) Report on the Quarter Wave Retarder 

The quarter wave retarder consists of two set of two parallel gold mirrors, arranged in 
such a way that the synchrotron beam reflects at grazing incidence, off all four mirrors, yet with 
no net deflection of the incident beam. Gold has long term stability and also the property that the 
two electric vector components of linearly polarized light, in and perpendicular to the plane of 
incidence, suffer a relative phase shift that is photon energy and angle of incidence dependent. The 
reflection coefficient of the two electric components are also dependent upon the angle of 
incidence. The angle of incidence of the four mirrors are adjusted so that the relative phase shift 
between the two components add up to ninety degrees. The mirrors are then rotated axially about 
the beam axis so that the two components of the emerging radiation have the same amplitude. 
This axial adjustment takes care of the fact the reflection coefficient is different for the two 
electric vector components. All of these adjustments are done by computer control of stepper 
motors that are outside the UHV vacuum chamber. We carried out measurements of the degree 
of circular polarization using a second analyzer and found it to be 99.7%. So within experimental 
error, we have pure circularly polarized light. 

This required a precise axial alignment of the UHV chamber that housed the movable gold plated 
mirrors. The angular position of each mirror was precisely calibrated. The device was tested at 
several photon energies in the 30-5OeV photon energy range. From measurements, the device 
was found to produced 99.7% circularly polarized radiation of either helicity. 

calibrated and characterized a four-reflection quarter-wave retarder based on earlier suggestions 
and prototypes.'*2 The measurements show the retarder produces better than 99.7% circularly 
polarized radiation from the linearly polarized VUV radiation from the 10.0.2 beam line in  the 
35.5 to 37 eV photon energy range typically with 1 96 efficiency. Fig. 1 (a) and (b) show polar 
plots of the intensity of radiation without and with the retardation respectively, as measured by 
using a 45" gold mirror linear polarization analyzer placed in front of a photodiode. 

In April and March of 1999, a four mirror-1/4 wave retarder was successfully installed. 

To produce ionizing photons of well-defined angular momentum, we have installed, 

34 
I 



The degree of circular polarization of the visible fluorescent photons from the excited 
residual ion is measured in the forward direction with respect to the incident ionizing radiation. In 
addition, to completely determine the partial wave amplitudes of the emitted photoelectron, when 
the total angular momentum of the excited ion is larger than %, the degree of linear polarization of 
the visible fluorescent radiation is measured in a direction perpendicular to the direction of the 
incident ionizing photon’s helicity. Measurements are obtained for the visible fluorescent radiation 
from the decay of fine-structure resolved 3p4 [3P] 4p 'Pin, 3n , 3p4 [3P] 4p ‘D3n, 5n, and 3p4 [ ‘D] 
4p ’ ~ 7 n  excited states of A+. 

variety of angular momenta associated with the “residual ion + photoelectron” system or its 
components. These are the total angular momentum, the total orbital and total spin angular 
momenta, the orbital and spin angular momenta of the 3p4 core-electrons, the orbital and spin 
angular momenta of the 4p valence electron, and the spin angular momentum of the 
photoelectron. In addition, we also obtain the amplitudes of the allowed partial waves of the 
emitted photoelectron. Although we do not measure the photoelectron, we can deduce from our 
analysis the total spin polarization of all of the electrons emitted to 4n solid angle. 

The algorithms we have developed give the expectation value of the z-component of a 
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Figure 1.  Polar Plots of the intensity of the radiation as a function of the angle of the 45’ Gold mirror linear polarization 
analyzer. 
(a): The retarder is out of the incident radiation’s path, the radiation is linearly polarized; 
(b): The retarder is in the incident radiation’s path, the radiation is circularly polarized 

Since the absorbed photon cannot change the total spin of the system which is initially 
zero, any non-zero measurement of the final spin of the “residual ion + photoelectron” system is a 
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measure o L relativistic interactions during the photoionization. Our measurements show that 
over the entire energy range studied the relativistic interactions are significant. 

Experiments Carried Out to Date. 

Using the purely circularly polarized radiation in the 35-38 eV range, we have measured 
the alignment and orientation parameter of the following satellite states of Ar+*: (all doublets of 
odd parity) P(J=1/2), P(J=3/2), D(J=3/2, 5/2) and some of F(J=7/2). This is done by measuring 
the linearly and circularly polarized fluorescence of these states. From the analysis of these 
parameters, we have determined the degree to which the ionization is influenced by relativistic 
interactions, we have also determined the probabilities of the partial wave amplitudes in all cases. 
For the states of J>1/2, there are three partial waves. We believe this is the first time that anyone 
has determined we have also determined that the concept of angular momentum sharing is a viable 
and important way to characterize the nature of the dynamic photo-process. 
Two successful experimental runs were carried out in March and again in July-August of 1999. 
The results of these experiments have led to a new and different interpretation of the 
photoionization process. Two articles will be submitted to Phys. Rev. Lett; one in early March, 
2000 and one in April, 200. 
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2. KW. McLaughlin, 0. Yenen, J.A.R. Samson, D.H. Jaecks, A.S. Schlacter, and J. Bozek, 
‘qdentification of Weak Autoionizing Resonances Observed Through Fluorescence from the 
Satellite States of Ar’,” Advanced Light Source Compendium of User Abstracts and 
Technical Reports (Report LBNL-3998 1, University of California, Berkeley, CA) p. 255 
(1997). 

3. 0. Yenen, K.W. McLaughlin, D.H. Jaecks, A.S. Schlacter, and J. Bozek, “Alignment of the 
Ar’[3P]4p *Po 3/2 Satellite State from the Polarization Analysis of Fluorescent Radiation After 
Photoionization,” Advanced Light Source Compendium of User Abstracts and Technical 
Reports (Report LBNL-39981, University of California, Berkeley, CA) p. 272 (1997). 

4. KW. McLaughlin, 0. Yenen, and D. H. Jaecks, “Production of Purely Spin-Aligned 
Autoionizing States Which Decay to Orbital Aligned Ionic States,” Phys. Rev. Lett. 81,289 
(1998). 

5. K W. McLaughlin, 0. Yenen, and D.H. Jaecks, “Production of Purely Spin-Aligned 
Autoionizing States Which Decay to Orbital-Aligned Ionic States,” The 1997-98 ALS 
Highlights, Published March 1999. 

Invited Presentations: 

1. D.H. Jaecks, “Experimental Studies of Dynamical Electron Correlation in Ar’ Satellite State 
Formation by Measurement of the Intensity and Polarization of Fluorescent Radiations,” Two 
Invited Lectures given at the 2nd School on Synchrotron Radiation, Instituto de Fisica, 
UNAM, Cuernavaca, Mexico, May 5-9, 1997. 

2. 0. Yenen and D.H. Jaecks, ‘The Quadruple Reflection Quarter-Wave Retarder of Hramo 
Beam Line 10.0.1,” presented at the Atomic and Molecular workshop of the Advanced Light 
Source Users’ Meeting, Berkeley National Laboratory, Berkeley, CA, October 15, 1997. 

3. D.H. Jaecks, 0. Yenen, and K.W. McLaughlin, “Alignment and Magnetic Substate 
Probabilities of Excited Satellite States of Ar’ Formed in Photoionization,” Ionization 
Workshop, Lawrence Berkeley Lab, Berkeley, California, Oct. 23, 1996. 

Contributed Paper at National and International Meetings: 

1. KW. McLaughlin, 0. Yenen, J.A.R. Samson, and D.H. Jaecks, “High Resolution Lineshapes 
of Weak Autoionizing Resonances Identified Through Fluorescence from the Satellite States 
of Ar’,” Abstracts of the International Workshop of Photoionization (Chester, England), p. 99 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9 

10 

11. D. H. Jaecks, 0. Yenen, K. W. McLaughlin, “Quantitative Measurements of Dynamic 
Partitioning of Angular Momentum of Valence Electrons During the Autoionization of 
Ar’**,” Bull. Am. Phys. SOC. 44,723 (1999) 

12. K. W. McLaughlin, 0. Yenen, D. H. Jaecks, “Alignment in Autoionizing Rydberg States to 
Orbital-Aligned Ionic States,” Bull. Am. Phys. SOC. 43, 1336 (1998) 

13. D. H. Jaecks, 0. Yenen, K. W. McLaughlin, “Quantitative Measurements of Dynamic 
Partitioning of Angular Momentum of Valence Electrons During the Autoionization of 

(1997). 

0. Yenen, K.W. McLaughlin, and D.H. Jaecks, “Alignment of Ar’[3P]4p 2P0 3~ Satellite 
State Formed in Photoionization,” Abstracts of the International Workshop of 
Photoionization (Chester, England), p. 100  (1997). 

D.H. Jaecks, 0. Yenen, and K.W. McLaughlin, “Alignment and Magnetic Substate 
Probabilities of Excited Satellite States of Ar’ Formed jn Photoionization,” Ionization 
Workshop, Lawrence Berkeley Lab, Berkeley, California, Oct. 23, 1996. 

K.W. McLaughlin, 0. Yenen, J.A.R. Samson, and D.H. Jaecks, “High Resolution Lineshapes 
of Weak Autoionizing Resonances Identified Through Fluorescence from the Satellite States 
of Ar’,” Abstracts of the International Workshop of Photoionization (Chester, England), p. 99 
(1997). 

0. Yenen, K.W. McLaughlin, and D.H. Jaecks, “Alignment of Ar’[3P]4p 2P0 3/2 Satellite 
State Formed in Photoionization,” Abstracts of the International Workshop of 
Photoionization (Chester, England), p. 100 (1997). 

K.W. McLaughin, 0. Yenen, J.A.R. Samson, and D.H. Jaecks, ‘Wigh Resolution Lineshapes 
of Autoionizing Resonances Observed Through Fluorescence from the Satellite States of 
AI-+,” Bull. Am. Phys. SOC. 42, 1023 (1997). 

0. Yenen, K.W. McLaughlin, and D.H. Jaecks, “Alignment of Satellite States of Ar’ from the 
Analysis of Measured Polarization of Fluorescent Radiation,” Bull. Am. Phys. SOC. 42, 1023 
(1997). 

K. W. McLaughlin, 0 Yenen, D. H. Jaecks, “Transfer of Spin-Alignment in Autoionizing 
Rydberg States to Orbital-Aligned Ionic States,” Bull. Am. Phys. SOC. 43, 1336 (1998). 

K. W. McLaughlin, 0. Yenen, D. H. Jaecks, “Alignment in Autoionizing Rydberg States to 
Orbital-Aligned Ionic States,” Bull. Am. Phys. SOC. 43, 1336 (1998. 
H. Jaecks, 0. Yenen, K. W. McLaughlin, “Observation of Spin Aligned Excited Ionic States 
Produced by Linearly Polarized Radiation,” Bull. Am. Phys. SOC. 43, No. 3, 1336 (1998). 
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AI-+**,” Bull. Am. Phys. SOC. 44,723 (1999). 

E. Report on Other Projects. 

1) Data Acquisition System for Recoil Ion Momentum Spectroscopy 

We have purchased a fast data acquisition system for a recoil ion spectrometer 
(COLTRIM) requested by L. Cocke et al. (Kansas State University) in the 1996 instrumental 
facility initiative proposal. The spectrometer allows simultaneous imaging of ions and electrons 
momenta in photoionization experiments. The COLTRIM system has been used previously for 
experiment of double photoionization of He, however, the P.I. (NB) suggested a different and 
new experiment. The experiment consisted in performing double photoionizatoion in Dz. The 
team led by L. Cocke and R. Dorner built a new multi-hit detector that allowed the experiment to 
be a success since it led to a publication printed in Physical Review Letters. Experiments using 
this apparatus are carried out at other beamlines. 

‘Double photoionization of spatially aligned D2,”R.Dorner, H. Brauning, 0. Jagutzki,V. Mergel, 
M. Achler, R. Moshammer, J.M. Feagin, F.Osipov, A. Brauning-Demian, L. Spielberger, J. M. 
McGuire, M. H. Prior, N. Berrah, J. D. Bozek, L. Cocke, H. Schmidt-Bocking, Physical Review 
Letters, 81,5776 (1998) 

2) Computer for collaboration with theorists 

A fast computer was purchased for our collaboration with C. Grenne (U. of Colorado) and A. 
Starace (U. of Nebraska, Lincoln). The computer is located at the University of Colorado/JILA. 
We have also purchased a terminal to A. Starace so he can access the computer from Lincoln 
Ne bras ka. 
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III. PROPOSAL TO OPERATE THE ATOMIC AND MOLECULAR 
FACILITY 

Since this grant expires in August 1999 I am concerned about the operation and maintenance 
of the AMF facility. In particular I am concerned about the operation of the high resolution 
electron spectrometer since the operation of the other equipments can be absorbed by the PRT 
individual grants. 

The Independents investigators (11) using the high-resolution spectrometer are numerous. The 

The list of I1 so far that submitted successful proposals through the ALS Proposal Study Panel 
productivity, as can be seen from section A, has been very high and very good. 

(PSP) include several national and international research groups: Darrah Thomas (Oregon State 
University), Francois Wuilleumier (Orsay University, Orsay, France), Andrew Yencha (State 
Univ. N.Y.), George King (University of Manchester, UK), Cristina Lopes (University de Fora, 
Brazil), Erwin Poliakoff (LSU), K.J. Bgrve and L. J. Saethre (University of Bergen, Norway), T. 
X. Carroll) and J. Hahne (Keuka College, NY. Other users and guests have been S .  and H. 
h e l a  (University of Oulu, Finland. Other research group who have used data from the 
spectrometer but did not come to A L S  to collect it (E. Kukk and J.D. Bozek collected the data) 
are: Paul Morin (LURE, Orsay, France) and Alex Bawagan (Carleton University, Ottawa, 
Canada). Since these are not my proposals, I can’t discuss the nature of the proposed work. 
However, all of the proposals have been approved by the PSP. They are of the type described in 
section A and will lead to publishable work. 

We request funds to have a postdoc assisting users to operate the instrument. This is in 
agreement with the February 2000 Basic Energy Science Advisory Committee (BESAC) 
recommendations (BESAC report, conclusion, section 5). The review team, led by Dr. Petroff, 
recommended that DOE allocates funds for postdocs for research conducted at the ALS. 

We also request funds to maintain and improve the endstation. The experiments are presently 
limited by the Doppler width, so it is imperative to build a Doppler-free jet and a supersonic jet to 
increase the resolution capability of the instrument. E. Poliakoff from LSU will collaborate with 
us to make the necessary improvements. 

In the near future, we would like to build a high temperature oven to study transition-metal 
elements. These studies are interesting because these targets are strongly correlated. They will 
not only provide a basic understanding of these materials in the gas-phase, but are also extremely 
relevant to research in material science. We are also trying to attract the laser community to start 
work on two-photons lasers where one of the photon comes from the synchrotron radiation. 

It is very important for the health and growth of the atomic, molecular and chemical dynamics 
community to have in place resources that can assist scientists. Investments have already been 
made to build the facility, it is operational and users are eager to use it. 
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IV. PERSONNEL 

The present PRT consist of: 

Duane Jaecks, (University of Nebraska, Lincoln) 
Ron Phaneuf, (University of Nevada, Reno) 
John Bozek, (Lawrence Berkeley National Laboratory), ALS, beamline scientist 
Nora Berrah, (Western Michigan Univ)., PRT chair 

Posdoc: 

Gyorgy Snell, ALS, contract expires August 2000. 

The initial team in 1996 consisted of the following scientists. Some of them collaborate presently 
with the PRT. 

J. Berkowitz, ANL 
John Bozek, LBNL, Beamline Scientist 
C. Cisneros, UNAM, Mexico 
Lew Cocke, KSU 
Ivan Dominguez, UNAM, Mexico, Postdoc 
T. Gorczyca, WMU 
C. Greene, UC 
Duane Jaecks, UNL 
Edwin Kukk, WMU/ALS, Postdoc 
M.S. Lubell, CUNY 
J. Macek, ORNL 
T. Morgan, WU 
Ron Phaneuf, UNR 
J. Samson, UNL 
A. Schlachter, LBNL 
A. Starace, UNL 
Nora Berrah, WMU, Project Director 
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Current and Pendinp S U D P O ~ ~  

This proposal is not submitted to any other agencies. No other support than the one listed 
in each of the sections (A-D) is available. 

No support direct support to operate and maintain the facility is available. 
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Appendix 1 

A letter ofsupport for this proposal is sent directly by Dr. D. Chemla, director of the ALS 
facility to Dr. E. Rohlfing at DOE. 
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