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RECENT PROGRESS ON THE MEASUREMENT OF ABSOLUTE ATOMIC PHOTOIONIZATION CROSS
SECTIONS

J.A.R. SAMSON, L. LYN‘!), G.N. HADDAD!?) and G.C. ANGEL(3)

Behlen Laboratory of Physics, University of Nebraska Lincoln, NE 68588,
U.S.A.

Abstract - Recent measurements of the photoionization cross sections of 0, N, and C%
are reviewed and new data are presented for Ne, Ar, Kr, and Xe. These latter results
are compared with theory and reveal areas of important disagreement.

1 = INTRODUCTION

Measurements of the absolute photoionization cross sections of most atoms, with the excep-
tion of the rare gases, is difficult because of the problem in measuring the absolute number
density of the absorbing gas or vapor, However, it is possible to measure accurate relative
cross sections provided we can measure the absolute or relative intensity of the incident
radiation. Such measurements of the intensity of the incident radiation usually depend on
knowing the absolute cross sections of the rare gases /1,2/

In certain cases the relative cross section can be placed on an absolute basis if the atoms
form stable dimers (eg. 0p, Np, CLp, ete). This is achieved by measuring the absolute cross
section of the molecule in the spectral region between about 50 to 200 . To a good approx-
imation the atomic cross section is simply one half of the molecular cross section. If the
relative atomic cross section measurements overlap this region they can be normalized to
one-half of the molecular value.

A second technique is to normalize the relative continuum oscillator strength to the value
expected from the Thomas-Kuhn sum rule. A third method is to normalize the relative data to
the semi~emperical atomic cross sections tabulated by Henke et al. /3/. Each of these tech-
niques requires the relative data to be measured over an extended energy range. The basic
technique to measure relative cross sections is to use a mass spectrometer to isolate the
atom of interest and measure the ratio of ions produced/incident photon. At the low pres-
sures used this ratio is proportional to the photoionization cross section.

During the last five years cross sectional measurements have been made for O /4,5/, CL /6/
and N /unpublished/ by use of the above techniques. In addition, precision measurements of
the absolute cross sections of the rare gases have been made /7/. The results of these
measurements are discussed below.

2 - ABSOLUTE CROSS SECTIONS (O, N, AND C%)

The experimental photoionization cross sections for N, ranging from threshold to the K-edge,
are shown in Fig. 1. The relative data had to be taken in two sections, first with a normal
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Fig. 1 - Photoionization cross section of atomic nitrogen. Present results are shown by the
small and large closed data points. The solid line indicates the smoothed experimental
values. A, Ehler (ref. 9); 0, Comes (ref. 10); --- (length), -x-x- (velocity), Le Dourneuf
(ref. 8).

incidence monochromator (small solid data points) and then with a grazing incidence mono-
chromator (large solid data points). The short wavelength data were normalized to one-

half of the molecular cross section. The long wavelength data were gg;u§§ed to give a smooth
fit to the extrapolated short wavelength data (solid line). Because the extrapolated data
covers a span of about 200 R the threshold data could easily be located within about + 10%

of its present position. However, the present choice was influenced with its agreement with
the calculated values (dipole length) of Le Dourneuf et al. /8/. The early experimental

data of Ehler and Weissler /9/ and Comes and Elzer /10/ are also shown in Fig. 1.

To illustrate the reliability of the normalization procedure we show, in Fig. 2, our normal-
ized data along with the cross section of atomic nitrogen ¢(N), obtained by equating o(N) to
the value of one-half o(Ny) and to the value [o(NH3) - 30(H)]. The tabulated data of Henke
et al. /3/ and the experimental data of Denne /11/ are also shown. The solid line repre-
sents the curve ¢(N) = CE™M, where E is the incident photon energy and C and m are constants
selected to give a good fit to the experimental data. This illustrates the hydrogenic na-
ture of the cross section for photon energies greater than 60 eV. The theoretical data of
Le Dourneuf et al. are included in this Figure to show their close agreement with the ex-
perimental results. The dashed line is an estimate of the true o¢(N) value at lower photon
energies.

Figure 3 shows our 1985 /U4/ and 1988 /5/ photoionization cross sections for O along with the
total cross sections of Kohl et al. /12/ and Comes et al. /13/. Partial cross sectional
data of several groups are also included /14-16/. Our latest data reproduces the broad peak
observed earlier in the 2P continuum (in the vicinity of 19 eV). This result is in disa-
greement with most theoretical data. Another source of disagreement with theory occurs at
the ionization threshold. Several groups /17-19/, using the R-matrix technique or varia-
tions of this method, calculate a threshold value of 4 Mb for the cross section, whereas,
our latest data indicates a value of about 3 Mb., This discrepency is as yet unresolved.

The autoionizing structure caused by the 232p”np Rydberg series has recently been studied by
Krause et al., /20/ using photoelectron spectroscopy techniques. Their results show that
strong autoionization occurs in each of the ”S, 2D, and 2P continua.



Fig. 2 - Photoionziation cross section of atomic nitrogen.
from 1/2 ¢ (N»); ®, from o(NH3) = 30(H);
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Fig. 3 - Photoionization cross section of atomic oxygen.
(refs, 4,5); V, Kohl (ref. 12); A, Comes (ref. 13).
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Figures 4 and 5 show the absolute photoionization cross sections of atomic chlorine /6/

compared to several theoretical results /21-26/.

Ther

theory and experiment at the higher photon energies.
sults differ seriously between each other and with the experimental results near threshold

e is generally good agreement between
However, the various theoretical re-

/15=21 eV).
177 207 248 310 43 620 eV
50 T T . i El E T T T
2 . : ., ) ! ::.3P° e ]
.40k Cl 4
5 40 F‘-\\ .
E -1 ~"
82 | >
w 30
20 ]
g t+ s ;L
z '
2 201 2mb
5
N
4
Q
210 1
= 24
2 "l ,
O 2 1 "
800 600 409 200
WAVELENGTH (A)
Fig. 4 - Photoionization cross section of atomic chlorine. @ (normalized), O and e from 1/2
o (CLp), Samson ref., 6); == e= ==, Cherepkov, et al. (ref. 21); ----, Yarzhemsky, et al.
(ref. 22).
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Fig 5 - Photolionization cross section of atomic chlorine.
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3 - ABSOLUTE CROSS SECTIONS (Ne, Ar, Kr, and Xe)

Accurate values of the photoionization cross sections of the rare gases are very important
because they provide a standard to test the validity of the various theoretical results.
However, if we compare the calculations using the Relativistic Random Phase Approximation
(RRPA) 727,28/ with the tabulated recommended experimental values /29,30/ we see significant
deviations in certain spectral regions. These vary from a few percent to 150%. This has
prompted us to make new precision measurements to an accuracy of 1% or less. Details of the
experimental techniques have been published /7/. The precision cross sectional measurements
for Ne, Ar, Kr, and Xe, along with some unpublished data with a + 3% accuracy, are presented
in Figs. 6-12 and compared with the RRPA results of Huang et al. /28/. We have also in-
cluded the experimental data of Watson /31/ and Lang and Watson /32/ who quote an accuracy
of + 3%. We are in excellent agreement with their results, for Ne and Ar but for Kr and Xe
our respective data fall outside of the quoted error limits.
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Fig. 6 - Photoionization cross section of Ne. ® (+5%), Samson (ref. 2); e (+3%), present
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Fig. 7 - Photoionization cross section of Ne. @ (+3%), present data; o, Jatson (ref. 31);
~~=, Marr and West (ref. 29); emcee= , Huang, et al. (ref. 28).
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Fig. 8 -~ Photoionization cross section of Ar. @ (+3%), present data; o, Watson (ref. 31);
~=-, Marr and West (ref. 29); = e«veme.=, Huang et al. (ref., 28).

w
ol

w
(=]

PHOTOIONIZATION CROSS SECTION (Mb)

o5l 1 | |
800 700

WAVELENGTH (A)

|
600 500

Fig. 9 - Photoionization cross section of Xr. ! (0.8 to 3%), present ddta; ---, Marr and
West (ref. 29); em.. —..— Huang et al. (ref. 28).
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Fig. 10 - Photoionization cross section of Kr. @ (+3%), present data; o, Lang and Watson
(ref. 32); ---, Marr and West (ref. 29); —+=..=, Huang, et al. (ref. 28).
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Fig. 11 - Photoionization cross sections of Xe. @ (0.8 to 3%) and e (+3%), present data;
~~=—, West and Morton (ref. 30); ——e+==ee=  Huang, et al. (ref. 28).
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Fig. 12 - Photoionization cross sections of Xe. @ (+3%), present data; o, Lang and Watson
(ref. 32); ---, West and Morton (ref, 30);e+s=s¢== , Huang, et al. (ref. 28).

In general, our new results bring the experimental and theoretical results closer together.
However, there are still some substantial deviations, as can be seen in the Figures. The #+
percent values shown in the Figures represent the deviation above(+) or below(-) our new
data for both the calculated data and the tabulated experimental data,

We are continuing our precision measurements to further reduce the experimental uncertain-
ties. However, it would appear worthwhile to have further theoretical studies performed.
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