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Foreword 

As NOTED ELSEWHERE, this report represents the cooperative eEort of 
the NASA Manned Spacecraft Center and the Information Center a i  the 
University of Colorado's Joint Institute for Laboratory Astrophysics. 
Graphical displays of selected experimental data on atomic photoabsorption 
cross sections as a function of wavelength are presented for 24 atoms. The 
criteria used in the data selection are discussed, and the report contains a 
complete citation index. The data displayed are current as of October 1969. 
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DURING THE PAST SEVERAL YEARS, the Information Center of the Joint 
Institute for Laboratory Astrophysics (JILA) ,1 University of Colorado, 
Boulder, Colo., has been engaged in a program of critically evaluating the 
reliability of cross-section data for many atomic and molecular processes 
and in producing comprehensive compilations of these data. This report, 
the result of a joint effort between the JILA Information Center and the 
NASA Manned Spacecraft Center, is a compilation of ultraviolet photo- 
absorption cross sections for atoms between 5 and 3500 A. The compilation 
is limited to experimental measurements only and includes data for all 
atomic species that have been measured within this energy range. The 
literature was searched for data through October 1969; however, because 
the Information Center covers some material through abstracting journals, 
a few measurements may not be included. 

A complete bibliography is not given in this report, but one is contained 
in reference 1. It is obvious, therefore, that some selection of the data has 
taken place. This selection was made on the basis of the inherent reliability 
of the measurement technique used in the determination. The data in the 
literature that have not been included in this compilation were rejected for^ 
one of two reasons: either the data were not the result of an absolute meas- 
urement (or not normalized to an absolute value) or other results existed 
that were obtained by more reliable methods. 

The authors gratefully acknowledge the assistance of Elizabeth Reymolds, 
Lois Spangenberg, Victoria Tempey, and Patricia Ruttenberg in the prepa- 
ration of the figures and bibliography for this report. 

EXPERIMENTAL UNCERTAINTY 

A detailed discussion of the systematic errors inherent in photoabsorption 
cross-section measurements is given in reference 2. From the description 

'The JILA Information Center is supported in part by the National Bureau of 
Standards through the National Standard Reference Data program and in part by the 
Advanced Research Projects Agency of the Department of Defense (monitored by the 
Army Research Office, Durham) under contract DA-31-124-ARO-D-139. 

P; 



2 BIL'B'RAVIOL~T PHOTOABSORPTION CROSS SECTIONS FOR ATOMS 

of the experimental techniques used to obtain the data displayed in this 
compiQation and from the authors7 estimates of their total errors, it is con- 
cluded that many sources of systematic errors were not taken into account 
in the authors9 error analyses. In those wavelength regions in which struc- 
ture is observed, there is often a large uncertainty in the absolute magnitude 
as well as in the shape of the curves caused by the averaging effect of the 
finite bandwidth of the instrument used in the measurement. As has been 
shown by Hudson and Carter (ref. 3 ) ,  bandwidth dependence of measured 
cross sections often can lead to systematic errors of a factor of 2 in peak 
cross sections. The atoms and the respective wavelength intervals for which 
structure has been observed are listed in table I. 

TABLE 1,-Atoms, With Respective Wavelength Intervals, for Which 
Structure Has Been Observed 

CHOICE OF GRAPHICAI, DISPLAY 

The data in this report are displayed in graphical form (figs. 1 through 
26). In cases in which there are several it is believed that 
this form of display emphasizes the disa acts as a warning 
to the users. The precision of these data far exceeds the accuracy, and a 
tabular presentation would tend to convince the reader that the second or 
third figures are significant, whereas they are not. It is realized that the 
graphical mode of presentation makes the use of these data 
@salt but, at present, it is believed that the advantages 
disadvantages, 

Almost all the data included in this compilation were presented in the 
original literature in graphical form. If tabular data were made available 
hay the authors? these data were used; however, in general, the effort to 
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obtain tabular data from the authors, especially for the older experiments 
was so ine6cient that it was abandoned. In most cases, blown-up photographs 
of the figures were made and the data were digitized by means of an n'-y 
reader that was connected to a card punch. The least count of the reader 
was 0.1 percent full scale. This uncertainty becomes significant when the 
cross sections plotted are less than 10 percent full scale; but, with our 
estimates of the accuracy of the original data, these errors would appear. 
in general, to be insignificant. After the digital data had been obtained, 
they were permanently stored on magnetic tape. The figures then were 
photocomposed from these tapes on a microfilm-output device (MOD,) ( a  
cathode-ray tube) at the Environmental Science Services Administration 
(ESSA) Boulder Laboratories computing facility. Because the MOD is a 
very high speed device, the possibility of a plotting error exists. The errols 
caused by digitizing and plotting amount to less than 0.5 percent inis scale 
for each figure. 

ORGANIZALTION OF THE COMPILATION 

The data shown in this compilation have been ordered by atomic number 
Z with the smallest Z first. In all cases, the data have been reproduced as 
originally published; that is, if originally published as lines, the data baare 
been reproduced as solid or dotted lines, and if originally published as 
points (or in tabular form), the data have been reproduced as points. A 
somewhat arbitrary decision has been made to distinguish between meas- 
ured photoabsorption and photoionization cross sections because ol the 
fundamental difference in the measurement techniques. In a few cases, same 
ionization cross sections that were measured using photoabsorption tech- 
niques have had to be relabeled. 

The cross section for a particular atomic species X is ~ndicated in the 
upper right-hand corner of each figure by the label oL(Xf where L is either 
A for photoabsorption or i for photoionization. The ordinate of each figure 
gives the cross section in square centimeters and the abscissa gives the 
wavelength scale in angstroms cm). The experiment from whrch the 
data were obtained is identified by the name of the first author, lollowed 
by the number (in parentheses) assigned to the original paper in the 
bibliography of reference 1. The same number is used in the hihlzography 
of this report where the full citation may be found. Any specific notes about 
the experiments are included in the figure captions. 

The last section of this report is an author index that lists fell authors. 
Each author's name is followed by the citation numbers of all his publkea- 
tions from which data were obtained. 
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FIGURE 1 (continued) . - (b)  180 to 240 A. 



HELIUM 7 

C S a m s o n  1369.5 

260 24 0 22 0 200 180 160 140 

WAVELENGTH ( a )  
FIGURE 1 (continued).-(c) 120 to 260 A 



8 ULTWAmOEET PNOTOABSORPTION CROSS SECTIONS FOR ATOMS 

2 5 

2 0 
w- 

E 
'8" 
0. - - 
6 I "  
T 

ii 
W 
UD g 1 0  
hD 

7 Mar r(2552) 
2 Hudson ( 1  353) 

0 5 
2500 2000 1500 1000 500 

WAVELENGTH (1) 
FIGURE 2.-Total absorption cross section of lithium, 500 to 2500 A. 

Comes (2942) 

WAVELENGTH (A)  
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FIGURE 9 (concluded).-(c) 1758 to 1772 A. 
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FIGURE 19 (continued).--(c) 1900 to 2000 A. 
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STRONTIUM, CADMIUM 39 

3. 0 

Mar r (3765) 
N- 

5 2.0 
U - 
0 - - 
6 - 
I- 
U 
W 
ffl 1.0 
ffl 
0 
0: 
U 

0 
1100 1050 1 0 0 0  95 0 

WAVELENGTH (A)  

FIGURE 20 (continued).--(b) 950 to 1100 A. 

Mar r 13765) 

2. 0 

1.6 

N- 
E 

C- - 
b 1.2 - - 
6 - 
C 
u 0.8 W 
ffl 
ffl 
0 a: 

0.4 

0 
95 0 90 0 85 0 

WAVELENGTH (1) 



r 5 

Bar  r (3765) 

w- 

5 P C  
'B 
0 - - 
6 
9- 
"j 

% 
s3) 

0 5 
rn 
0 

er 

0 
800 780 760 74 0 

WAVELENGTH (1) 



CADMIUM, INDIUM 41 

Mar r (37651 

65 0 60 0 55 0 500 

WAVELENGTH (1) 

FIGURE 20 (concluded) .-(f) 500 to 680 A. 

4. 0 

3.0 
N- 
E 

I- - 
0 - - 
g 2.0 - 
I- 

$ 
ul 
ul ,o 1.0 
U 

0 
2200 21 00 2000 1900 1800 

WAVELENGTH (h 
FIGURE 21.-Total absorption cross section of indium. (a) 1700 to 2200 A. 



WAVELENGTH (8) 

FIGURE 21 (concluded).--(b) 1600 to 1800 A. 
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FIGURE 22.-Total absorption cross section of xenon. (a) 1000 to 1600 A. 
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