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We have measured the partial cross sections for ionizing neutral helium to He+ in the
2s and 2p levels from threshold to 130 eV. Near threshold the data favor the close-

coupling calculations of Jacobs and Burke rather than the many-body calculations of
Chang, in contrast to the total N =2 cross section. We have also made a detailed study
of the autoionizing resonances leading to the N =3, N =4, and N =5 thresholds. We
present resonance parameters for the N =3 series. The energies of the resonances agree
well with calculated and experimental values, but the widths show substantial disagree-
ment with calculations.

I. INTRODUCTION

The importance of two-electron transitions in
the photoionization of atoms and molecules is well

established. Theoretical methods for dealing with
them are still under development, although there
have been some encouraging results for double ion-
ization processes in the rare gases. ' A firm
theoretical basis of understanding will give a good
handle on the more difficult problem of low-energy
electron-impact excitation and ionization. In order
to test existing theory, and in the hope of stimulat-
ing further developments, we have made a detailed
study of the simultaneous ionization and excitation
of helium, one of the simplest two-electron sys-
tems.

We have previously reported measurements of
the total photoionization cross section for the pro-
cess:

He(1s )+tv~He+(N =2)+e

The data are in good agreement with the recent
many-body calculations of Chang. A more sensi-
tive test of theory is to measure the partial cross
sections for leaving the helium ion in either the 2s
or 2p level. An earlier calculation, using relatively
simple final-state wave functions, predicted that
the final state would be almost entirely in the 2s
level. However, both the close-coupling calcula-
tions of Jacobs and Burke and the calculations of
Chang predict a substantial contribution from the

2p level. The two calculations give values of the
cross section for producing He+i2s} which agree
well with each other at energies greater than 100
eV. Below 100 eV the values diverge considerably.
We have made measurements of the cross section
from threshold to 130 eV. The only previous ex-
perimental data of relevance are angular distribu-
tion measurements of the N =2 photoelectrons.
These measurements were made at energies greater
than 100 eV and do not directly measure the 2s:2p
ratio. However, they do indicate a significant con-
tribution from the 2p level.

Further insight into two-electron processes can
be gained from looking at the autoionizing levels.
Our earlier data showed evidence of strong interac-
tions with autoionizing series leading to higher ex-
cited levels of He+. We have now scanned this re-
gion with far better resolution and so are able to
identify many more lines and perform line-shape
analyses on the stronger lines. Previous experimen-
tal studies ' of these resonances have been limited
to their appearance in the total absorption cross
section, where they are very weak. There are many
theoretical calculations on the resonances using a
variety of methods. Oberoi and Chung' used
Feshbach formalism; Herrick and Sinanoglu" car-
ried out configuration-interaction calculations us-

ing group theoretical methods to predict the mix-
ing coefficients; Senaschenko and Wague' used a
diagonalization approximation, and, finally, Ho' '
used the complex rotation method. The approach

25 848 1982 The American Physical Society



25 MEASUREMENTS OF PARTIAL CROSS SECTIONS AND. . . 849

of Herrick and Sinanoglu, and the hyperspherical
coordinate approach of Macek, ' which was used
on the N =2 resonances, also allow the relative
strengths of the various possible series to be
predicted. The predictions are borne out by experi-
ment below the N =2 threshold where only three
series are possible. For higher thresholds, the
number of possible series rapidly increases, offering
a more stringent test of the theories.

II. THE PARTIAL CROSS SECTIONS

A. Experimental

The N =2 levels of He+ were detected by moni-
toring the 304-A. fluorescence resulting from their
decay to the ground state of the ion. The incident

photon range extended from 60 to 130 eV. In ord-

er to measure the 2p and 2s partial cross sections,
it is necessary to find some means of monitoring
the signal from the two levels separately. In prin-

ciple this is straightforward. The 2p level decays
with a lifetime of 10 ' s, while the 2s level is me-

tastable with a lifetime of 2.2)&10 s. Hence, in

the absence of any perturbations, the fluorescence
from the 2p level can be detected, while any ions in
the 2s level will drift out of the line of sight of the
detector before they decay. The application of a
static electric field causes a mixing of the 2s and

2p levels, inducing the 2s level to decay by emis-

sion of a 304-A. photon, with a field-dependent life-
time' TD of

1.6X 10-'
TD-

U2
S,

where the field U is in V cm '. A field of greater
than 500 V cm ' is necessary to ensure that the 2s
level will decay before the ion is accelerated out of
the field of view. Hence the signal from the
He+(2s) ions is the difference between the signal
with the field applied and the field-free signal.

A major complication is the deexcitation of the
2s level through collisions with the background
helium atoms. The measured' deexcitation cross
section is sufficiently large to ensure that, at the
pressures needed to obtain a measurable signal, a
significant fraction of the 2s levels will decay emit-
ting a 304-A photon, even in field-free conditions.
It was therefore necessary to perform the experi-
ment as a function of pressure, using pressures in
the range 5X10 —8X10 Torr.

The incident radiation was provided by synchro-
tron radiation from the Tantalus storage ring of

the University of Wisconsin. Most of the data
were taken using a toroidal grating monochroma-
tor' (TOM) set to give a bandpass of -3 A..
Some additional data were taken with the Grass-
hopper grazing incidence monochromator at a
bandpass of 2 A.. The incident radiation was mon-

itored by means of a sodium salicylate covered
window and a photomultiplier. The fluorescent ra-
diation was detected by a proportional counter'
mounted at right angles to the incident beam. An
aluminum counter was preferred over a stainless-

steel one to minimize background problems associ-
ated with the decay of Fe, which becomes ac-
tivated during injection of the storage ring beam.
The counter was operated with methane and was

separated from the experimental chamber by a
VYNS window. Ultrahigh-purity helium was ad-

mitted to the chamber via a needle valve and the
pressure was monitored by a differential capaci-
tance manometer. A second VYNS window

separated the helium from the high vacuum en-

vironment of the beamline. A 25-ls ' ion pump
was used on the low-pressure side of the window
and further pressure differential was obtained by
using a 150-mm long, 3-mm bore glass capillary
between the ion pump and the exit of the mono-
chromator.

Two parallel electrodes, 23 mm apart, supplied
an electrostatic field across the interaction region.
Their dimensions were chosen so that the field ex-
tended well beyond the field of view of the detec-
tor. The electrodes were coated with graphite to
reduce reflections of both photons and electrons
and baffles were placed in front of the proportional
counter so that there was no direct line of sight to
the electrode surfaces. The field was perpendicular
to both the incident photon beam and the direction
in which the fluorescence was detected.

Signal counting rates were in the range 3—30
s ' with signal-to-background ratios of 1:1—20:1~

B. Analysis of the data

+Ipn H,Lo2, (1—exp —n H,L 'o,d )], (2)

where Io is the incident photon flux, L is the path

In the absence of an electrostatic field, all of the
2p levels decay, plus a fraction of the 2s levels.
The number of 2s levels decaying depends on the
number density of helium nH„ the collisional path-
length L', and the collisional deexcitation cross
section O.,d. The signal detected So is given by

Sp=k [ IpnH Lrr2&
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length for photoionization, o 2F and o2, are the par-
tial cross sections for producing He+ in the 2p and
2s levels, and nH, Lopp « 1 and nH, Lcr2, « 1.
The constant of proportionality k takes account of
detector efficiency and geometrical factors.

With a sufficiently large field applied, all of the
2s levels will decay and the signal SF will be given

by

SF k[I——onH, Lo2F +IonH, LIr~] .

Equations (2) and (3) can be combined to give

(3)

and

~NI( NX=
N&3, I+p

(6)

Y=O2F+O~+ g ONEN,
N&3

(7)

where cr&I is the partial cross section for producing
He+ in the level (N, l) and EN is the detection effi-
ciency relative to that for 304 A.. L'o, d can be

(SF Sp)— (o'2, )
ln =ln nHL+d (4)

SF (O'2 +Ir~ )

Hence, plotting ln(SF —Sp)/SF against nH, (or,
equivalently, against pressure) should give a
straight line. At energies close to threshold this
was found to be the case, but at higher energies the
plot tends to a constant as the pressure increases.
The reason for this behavior can be seen from a
consideration of the effects of excitations to levels

of He+ with N & 3. With no field applied, a com-
parison with the equivalent lifetimes for hydro-

gen
' shows that the p levels will decay predom-

inantly to the ground state. The radiation emitted
will be of shorter wavelength than that from the
N =2 decay and will be detected with greater effi-
ciency owing to the transmission characteristics of
the VYNS (Ref. 20) window. Excited s and d lev-

els will predominantly cascade via the 2p level and

so be detected with the same efficiency as the

N =2 levels. When a field is applied, the most

probable decay of the Stark-broadened s and d lev-

els is directly to the ground state so that all of the
levels with N )3 will be detected with higher effi-

ciency than the N =2 levels.

Hence, for energies above the N =3 threshold,
Eq. (4) must be rewritten as

(SF—So ) 1ncr2,
ln —X = —nH, L'cr d,

SF Y

with

found from the measurements just above the N =2
threshold and with a knowledge of (Sp —So)/Sp at
several values of the pressure; a value for X can be
found by a least-squares fit. Once X is known,

cr2, /Y can be found. Using the values of
(0.2, +o2~) measured previously, together with
values of cr~ from the data of Wuilleumier et al.
and values of E„ from measurements of the
transmission of the window used, a value for cr2,

can finally be derived.
A second significant correction is for the aniso-

tropy of the 304-A. fluorescence. The anisotropy
of the fluorescence emitted when an electrostatic
field is applied has been measured with great preci-
sion by Drake et al. They also show that the an-

isotropy is approximately proportional to the ratio
of the Lamb shift to the fine-structure splitting of
the p levels. This ratio changes slowly with princi-
pal quantum number and so it has been assumed
that the fluorescence from the higher excited states
has the same anisotropy as that of the N =2 levels.

Apart from a suggestion by Greene that the
fluorescence may be anisotropic within a fraction
of an eV above threshold, there is no experimental
or theoretical information on the anisotropy in the
field-free situation. We have measured the fluores-
cence signal at 67 eV both parallel, S~~, and per-
pendicular, Sq, to the major polarization axis of
the incident radiation. The anisotropy, given by

(S~~
—S&)/(S~~+S&) was found to be 0.00+0.05.

The pressure for these measurements was quite
high (0.05 —0.3 Torr) and the data therefore in-

clude the presumably depolarizing effects of colli-
sional deexcitation of the 2s levels. However, in
the absence of any further information, we have
assumed the field-free fluorescence to be isotropic
at all energies. The correction increases the meas-
ured 2s cross section by up to 20%.

There are other mechanisms that could produce
a spurious increase in fluorescence when a field is
applied, such as electron impact excitation of the
N =2 level from either the neutral atom or the
ground state of the ion. At the pressures used
there were too few electrons produced by photoion-
ization to give a measurable signal. A more likely
source would be electrons emitted from surfaces
struck by the incident photon beam. The experi-
ment was carefully aligned so that there was no
direct path for the photon beam to any surface
near the interaction region. However, as a check,
measurements were made below the N =2 thres-
hold. A small signal was found below the N =2
threshold which increased when the field was ap-



25 MEASUREMENTS OF PARTIAL CROSS SECTIONS AND. . . 851

TABLE I. Absolute cross sections for
He+ h v~He+ (2s, 2p)+e
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FIG. 1. The partial cross section for producing
He+(2s) from neutral helium. Q: this work; —:Chang
(Ref. 3); ———:Jacobs and Burke (Ref. 5).

Energy (eV)

67.0
70.1

71.3
82.7
88.6
95.4

109.7
127.8

29.9+0.5
30.6+1.0
29.5+1.9
20.9+3.0
16.6+3.1
19.1+2.0
6.5+2.0
6.0+2.0

74.1+0.5
70.4+1.0
69.5+1.9
37.1+3.0
29.4+3.1

13.9+2.0
15.4+2.0
8.0+2.0
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FIG. 2. The partial cross section for producing
He+(2p) from neutral helium. Q: this work; —:
Chang (Ref. 3); ———:Jacobs and Burke (Ref. 5).

plied. On the Grasshopper monochromator the
signal was about 5% of the signal measured just
above threshold, while with the TGM the value
was 10%. This suggested that the signal was due
to second-order radiation, which is known to be a
high proportion of the total flux from the TGM. '

To verify this assumption, the value of
(Sq —So)/SF was measured with first-order radia-
tion at an energy corresponding to the below-
threshold second-order radiation. The value ob-
tained agreed with that measured below threshold
to well within the experimental errors. The signal
measured below threshold was therefore used to
correct the above-threshold values for second-order
effects over the range where these are know'n to be
a problem.

The plots of ln(SF —So)/SF against pressure for
the measurements made near threshold gave a
value of I.'a.~ of 63+2 Torr '. Estimating the
mean pathlength to be 5 mm gives a value for the
collisional deexcitation cross section of =4&(10
cm . This compares reasonably well with the value
of 5.2X10 ' cm measured by Prior and Wang'
for helium ions with a mean energy of 0.23 eV.

C. Results and discussion

The measured photoionization cross sections for
He( ls2) He+(2s), He+(2p) are shown in Figs. 1

and 2. The numerical data are listed in Table I.
The error bars represent random errors from
counting statistics and uncertainties in finding
values for the parameter X [see Eq. (5)]. Addition-
al systematic errors come from uncertainties in the
total cross section (-7o//o), uncertainties in the
corrections for the higher excited states ( —10%),
and in the anisotropy correction ( —10%%uo), giving a
probable systematic error of 12% below the N =3
threshold and 16% above it.

The data are compared with the calculated cross
sections of Jacobs and Burke and Chang. For
the 2s cross section (Fig. 1) above 85 eV, both
theories lie approximately 10% higher than the
data. The data for the 2p cross section (Fig. 2) in

the same energy region agree reasonably well with
both theories. At low energies the data clearly
favor the close-coupling calculation of Ref. 5.
This is a little unexpected in view of the excellent
agreement between experiment and the calculation
of Ref. 3 for the total cross section for the N =2
level, and serves to underline the value of measure-
ments of the partial cross sections in comparing
photoionization theories. The close-coupling calcu-
lation includes contributions from the N =3 pseu-
dostates in the final-state wave function and so it
appears that these have opposite effects in the 2s
and 2p cross sections. It should be noted that the
data points below 73 eV are inherently more accu-
rate than the remaining points since there was no
necessity to correct them for the effects of the
higher excited states.
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FIG. 3. The autoionizing region below the N =3
threshold. The full line is a fit to the data (see text).

III. AUTOIONIZATION

A. Experimental

The apparatus used was similar to that used to
obtain the partial cross sections, the major differ-
ence being the absence of the electrodes. The heli-

um pressure was generally about 0.2 Torr. From

the value of the product of the pathlength and the
collisional deexcitation cross section obtained in
the partial cross-section measurements, the percen-

tage of He+(2s) states that will not decay with

emission of a 304-A photon at this pressure is
2X10 %. This is clearly negligible and hence
the data to be presented reflect the effects of au-

toionization on the total N =2 cross section.
The experiment was performed using the

Grasshopper grazing incidence monochromator set
to give a bandpass of 0.08 k The energy calibra-

tion of the monochromator has been established

over a long period of time. As a check the Al 2p

edge, which lies conveniently within the autoioniz-

ing region, was scanned and its position was found

to agree with the established calibration. The data
are the result of combining multiple scans of the
autoionizing region. They were normalized to the
photon flux and a small correction for second-

order radiation was made which was derived from
the signal measured below the N =2 threshold.

Counting rates were typically in the range 10—20

TABLE II. Resonance parameters for the first four members of the 1„series.

Shore parameters' Fano parameters

Ep =69.917 (+0.012) eV
I = 0.178 (+0.012) eV
A = 0.081 (+0.014) Mb

B = 0.065 (+0.008) Mb

q =048
o.,=0.084

p =0.98

(+0.09)
(+0.021) Mb

+ 0.02
—0.26

14 Ep ——71.601 (+0.018) eV
I = 0.096 (+0.015) eV
A = 0.079 (+0.017) Mb

B = —0.066 (+0.010) Mb

q =0.47
0, =0.084

p =0.98

(+0.10)
(+0.024)

+ 0.02
—0.29

Mb

Ep ——72.181 (+0.015 ) eV
I = 0.067 (+0.015) eV
A = 0.088 (+0.021) Mb

B = —0.044 (+0.012) Mb

q =0.62
o, =0.071

p =0.83

(+0.14)
(+0.031)
+ 0.17
—0.37

Mb

Ep ——72.453 (+0.011) eV
I = 0.038 (+0.015) eV
A = 0.085 (+0.028) Mb

B = —0.066 (+0.016) Mb
C = 0.086 (+0.007) Mb

q =0.49
o, =0.087
p'= 1.00

(+0.16)
(+0.039)
+ 0.00
—0.46

Mb

Systematic errors are the same for each member and are Ep+0.009 eV, I +0.008 eV,
A +0.016 Mb, B+0.015 Mb, C+0.014 Mb

'Reference 28.
Reference 30.
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s '. The data were placed on an absolute scale by
normalizing to the previous measurements away
from the autoionizing region.

B. Results and discussion

To facilitate identification of the various reso-
nances, the notation of Herrick and Sinanoglu"
will be used. Thus, the resonances are described by
N, the ionization threshold to which the series con-
verges; n, the principal quantum number of the
series member; and K and T, integer quantum
numbers which characterize the configurationally
mixed, doubly excited states. All the doubly excit-
ed states that can be reached by photoionization of
ground-state helium have T= 1 and hence the
states below a particular threshold are designated
by K, .

The cross section for the autoionizing region
below the N =3 threshold is shown in Fig. 3. In
addition to the scatter of the experimental points,
there is a systematic error in the absolute cross sec-
tion of about 7%. One series can be seen which
clearly interacts strongly with the N =2 continua.
This is identified as the 1„series, which is
equivalent to the "+" series of Refs. 26, 15, and
10, where it was predicted to be the only channel
which should be strongly excited. A similar
phenomenon was observed in H . The solid line
in Fig. 3 represents a least-squares fit to the four
lowest resonances using the parametrization given

by Shore

Epk )Ak ~k /2+ ~k (~k /2 )
cr =C(E)+

(E —EPk) + ( &k /2)

Equation (8) is based on the assumption that the
resonances do not interact with each other. To ob-
tain the line shown, the monochromator response
function, which was a Gaussian of FWHM of 0.08
A., was first deconvoluted from the data using the
technique described by Allen and Grimm. A
least-squares fitting routine was then used to find
the parameters, and finally the derived line shapes
were reconvoluted with the monochromator func-
tion. The parameters are given in Table II togeth-
er with the derived Fano parameters q, cr, and the
correlation coefficient p2. The background C (E)
was assumed to be constant for the whole series.
Within the experimental errors, values for A and B,
and hence for the Fano parameters, since

q = [8+(A +8 )'~ ]/A, e, =A/(2q), and

p =0, /C, are remarkably constant throughout the
first four members of the series. The widths of the
three higher members scale as 1/n within the er-
rors. Both of these observations are in agreement
with the analysis of Fano and Cooper. From
Table II, q & 1, and so the excess oscillator
strength for the series, and hence the contribution
of the N =3 levels at threshold, is negative and is
estimated to be —0.01 Mb. However, there is
clearly a rise in the cross section at the N =3
threshold. Assuming the 3s:3p ratio to be the
same as that measured for the 2s and 2p levels, the
N =3 threshold cross section is approximately 0.01
Mb.

Of the four other possible autoionizing series,
only one other, the —1„,is predicted to be allowed

by the selection rules of Ref. 11. There is evidence
of weak structure around 71.30 eV which can be
identified as the first member of the —1„series.
The estimated width of 70 meV agrees well with
that given in Refs. 11 and 12 though is rather
larger than that given in Ref. 13. Higher members
of this series are predicted to overlap with the 1„
series members.

The positions and widths of the resonances are
compared in Table III with other experimental and
theoretical values. The 13 resonance has been stud-
ied in detail in the total absorption cross section by
Dhez and Ederer, where it appears to have a very
weak effect. Subtracting the cross section for the
N =2 level from the total reveals the shape of the
resonance in the N =1 cross section. The absolute
change in the magnitude of the N =1 cross section
is almost equal to that of the N =2 cross section.
The resonance has a q of about —2.7, i.e., the
maximum is on the low-energy side of the reso-
nance energy. This is very close to the q values
found for the resonances below the N =2 thres-
hold and shows that, as predicted by Ref. 30, the
value of q for a particular continuum is fairly in-
dependent of the threshold to which the series con-
verges. The weak appearance of the 13 resonance
in the total cross section is therefore the result of
the almost complete cancellation that occurs in the
sum of the N =1 and N =2 cross sections. The
resonance energies in the two experiments are in
excellent agreement. The width found in the
present experiment is somewhat greater than that
of Ref. 8 but there is agreement within the total
errors (random plus systematic). The other experi-
mental values in Table II are from the work of
Madden and Codling. Taking note of the fact that
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TABLE III. Autoionization energies and widths below the N =3 threshold. Values are expressed in eV.

Identification This work Other experiment Ref. 9 Ref. 10 Ref. 11 Other theory

69.917 (+0.012) 69.919' (+0.007)
69.94b (+0.04)

0.178 (+0.012) 0.132 (+0.014)

69.872 69.842 69.89

0.151

69.917'
69.8727 (+0.0014)
69.85'
69.91'
0.204'
0.191
0.149'

14 71.601 (+0.018) 71.66 (+0.01)
0.096 (+0.015)

71.628 71.602 71.66
0.0476

71.67'
0.0463'

E
r

72.181 (+0.015) 72.20 (+0.01)
0.067 (+0.015)

72.186 72.164 72.20
0.0171

E
r

72.453 (+0.011) 72.47 (+0.01)
0.038 (+0.015)

72.454 72.436 72.49

ls

72.59 (+0.01) 72.61 (+0.01)

72.67 (+0.01) 72.70 (+0.01)

71.30 (+0.04)

=0.07

72.590 72.603

72.675

71.316 71.283 71.45

0.0677

71.309 (+0.013)
71.46'
0 038d (+0 004)
0.0669

'Reference 8.
Reference 7. Energies were measured at the maxima of the resonances.

'Reference 31.
Reference 13.

'Reference 32.
~Reference 12.

the energies were measured at the peak of absorp-
tion and are therefore expected to be higher than
the resonance energies, the general agreement is
good. The various theoretical values for the ener-
gies are also in generally good agreement, particu-
larly for the higher series members. The comparis-
on for the widths is not as good. For the 13 reso-
nance, the theoretical values lie either too high or
too low. For the 14 and 15 resonances, the calcu-
lated widths are lower than the experimental
widths by factors of 2 and 4, respectively.

The resonances converging on the N =4 and
N =5 thresholds are shown in Fig. 4. Above the
N =3 threshold, there are contributions to the
fluorescence signal from the higher excited states
through cascades, and direct transitions to the
ground state. The structure seen is, therefore, the
result of autoionization to all levels except the
N =1. Again, a single, strong series is seen leading

O.IO

O
I—
C3
LLJ
V)

g CLO5-
O
C3 n=4

!
n=5 6 7

N=5THRESHOLD

5 6 7

¹4THRESHOLD

I I

73 75 76
PHOTON ENERGY (eV)

FIG. 4. The autoionizing regions below the N =4
and N =5 thresholds.

I

74 77

to each of the N =4 and N =5 thresholds. The
series are identified as the 2„and 3„series, respec-
tively. The resonances appear to become more
windowlike as the higher thresholds are reached.
The slight dip in the cross section between the 24
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TABLE IV. Autoionization energies below the / =4 and N =5 thresholds of He+. Values are expressed in eV.

Identification This work' Ref. 7 Ref. 9 Ref. 11 Ref. 14

24

25

26

27

04

73.66
74.57
74.93
75.14
74.15

(+0.03)
(+0.03)
(+0.03)
(+0.03)
(+0.04)

73.76 (+0.02)
74.64 (+0.02)
75.00 (+0.02)

73.702
74.633
74.992

74.213

73.70
74.63
74.99

74.21

73.712

74.141

35

36

37

75.54 (+0.04)
76.10 (+0.03)
76.30 (+0.03)

75.55
76.10

'Energies measured at the minimum of each resonance.
"Energies measured at the maximum of each resonance.

and 25 resonances is tentatively identified as the
first member of the O„series. Its relative broad-
ness in comparison with the 24 resonance is in
agreement with theory. "' Also in agreement
with theory" is the observation that the first
member of the 3„series, which converges to the
N =5 threshold, lies marginally below the N =4
threshold. The positions of the resonances, meas-
ured at the minima of the cross section, are given
in Table IV along with other experimental and
theoretical values. As before, the values of Ref. 7
were measured at the maxima in the total absorp-
tion cross section. The agreement with both previ-
ous experiment and theory is reasonably good.

IV. CONCLUSIONS

The measurements made for the total and partial
cross sections for the N =2 level show that the
theoretical situation is somewhat ambiguous. The
total cross section agrees very well with the calcu-
lation of Chang, while the partial cross sections
favor the Jacobs and Burke calculations. Further
work, both experimental and theoretical, is needed

to clarify the discrepancy. Some of the difficulties
encountered in the present experiment could be el-

iminated by using microwave power at the Lamb
shift frequency (14.045 6Hz} to induce decay of
the 2s level without affecting the higher excited
levels.

For the autoionizing resonances, the various

theories predict the positions and relative strengths
of the series fairly well. However, the widths,
which are far more sensitive to the accuracy of the
continuum wave functions, do not agree well with

the data.
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