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Figurs 11. Cross sectiems for indirect contributiens to electrom (mpect lomization of Li=-Dike wN4*
lons?¥, The scan data were smoothed over bins of seven adjacent polnts of the original measurement.
Assignments of states to the obaerved featureas are given on the basis of calculationa ualing the
code of Grant et al.?¥. Two series of Rydberg states imvolving An = 2 and An = 3 transitions can be
recognized: 1s233inl® (n = 3.4,5,6.,.) and IsZsdiml® (m = 4,5....). The serles limits 1m233] and
1z284] nre at the thresholds for direct inner-shell excitatioms. The ranges of corresponding energy
levels'! are indicated.

The new seasuressnts reveal even more structure
than wight have been expected simply on the
bagia of the model caleulatlen®? for a Na=1lke

ment. An upper limit of 0.3 eV to the energy
spresd Is sst by the width of the resonance
observed at 55.5 eV. The atrongest REDA paak

ien shown in Flg. B. Apparently there are other
resanancs serles and steps and dips ln the cross
sectlion which make [t difflcult Eo asse a clear
excitation-autoionization feature. The resconance
contributions (the snow) #ppear to be sech
higher than the excltation stepa (the stalra) on
top of which they are observed, One particular
series of resonamces between 51 &V and 55 &V ia
interpreted to be due toe 2p¥3sdpn]l confligurs-
tions; 1. e. the Rydberg series corresponding to
the one in Fig., 8. Peaks up to n = & are resol-
ved, the higher Eydberg states lump together due
to the limited energy resolotion of the experi-

observed makes up for about 3.5 % of the total
lomization crosa section at that particular
energy. By this seasurement a first experimental
step is made towards the old challenge to =see
REDA processes In sodlusm-1lke Peld* |ons.

Strong REDA resonances have also besn found
in the lonizatien of lithlum-1ike lons3F 38 pav
E1'1 H"“', 0% and F9*. A scan measurenent on NV¥
is shown in Flg. 11, Detalls in the wicinity of
the excltation-sutolonlzation threshold were
stodied (see also Fig. 7). Individeal terms of
the lsis2l excited conmfigurations are resolwed.
in addition many resonance fentures are found.
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Figure 1. Dbserved iomizarios funciions for the grosnd s of Ba™ 57 Ca*
T‘hzaﬁmtﬂmﬂ:fwﬁ'ﬁﬂl'mhuhnﬂﬂ*i#’lﬁcsm;huhn
iz takes from their paper, whils the resaies for Ba* and Mg® are from Peart er & {1977)
and Martin of al (1968} reapectively. For Ba™, Sr* and Ca”, the cslealsied (p'd ‘Pl °p
fbrokes arrowsl and (PP (arrows) threshalds are indicsisd. For Mg~ the 2p%3p 'DJP
3p'i3dJs *DFP and 203434/ DIPP thresholds, in order of increasiag eaergy, are thown.
The 2p%3p* 'DI'F and 213438 'DF'P terms are strongly mésed as explained in the tear.
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Figure 1. Crons sections for the fonizatien of Ba® plotied against inciden! electron eergy.

Auntaionizilion threshalkis are rescived ad energies of 158, 168, 191 and 21-9 gV ——— resulrs
ol cakculations by Bely e o (1971}
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Fig. Il -3 - 5. Cross section vs electron enargy for e
*C"[:tsmll—! +C"’*{:'.Pm..“l. Open cirele is an :
absolute measurement. Crosses are measured rela- F‘E'

tive to the opea circle, The dashed curve: two-state
close-coupling (Ref. 10), Dotted curve: unitarized
Coulomb-Bora with exchaoge (Ref. 10). Solid curve:
“expected" cross section (see text) resultlng from coo-
volution of electron energy distributlon with the two-
state close-coupling caleulation, Bars represent sta-
tistical uncertaloties at 90% confidecce level, There
are additiooal systematic uscertaioties totaling = 179,
at “good confidence level” (see text).
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Il -3 -6. Absolute cross section vs electron energy lor
25-2p excitation of N'* by electron impact, Solid point
al 15.5 eV represents an absolute measurement, rela-
tive Lo which open polnts at other energies were mea-
sured, Dushed curve represents two-state close coup-
ling with exchange calculation (2CCX) from Ref. 19, and
Solid curve is a convolution of the experimental electron
energy distribution with the dashed curve. Bars on ax=
Perimental points designate random uncertainties at 90%
confidence level, and outer bars on solid point represent
the lota] experimental uncertainty at good conflidence
level (see Table I and text).
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FIG. I. Energy distribution of ¢lecirons being scattered at an
angle of 24° by Ar'* ions and by the background gas. Ptimary
electron energy: 100 eV, |, Elastic tlectron-ion signal; 2, elas-
tic scattering by the residual gas; 3, signal due lo the 3+-3p ex-
citation; 4, inclastic clectron-residual-gas scattering.
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FIG. 4. Angular dilferential excitation cross section lor the
resonant 3s-3p transition in Ar™. Electron energy: 100 eV.
Experiment: open circles; theory: solid curve.
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Toroidal analyzer

It consists of a pair of toroidal deflectors and lenses.
Entrance slit is 1 mm wide and circularly extended.



v'Residual gas pressure

Base pressure < 1x 10" Torr

Both beams ON 1.4 x 10" Torr
vlon beam (Ar",q=17,8)

Energy 15 x q keV

Current 1.5 pA

Diameter (FWHM) 0.5 mm¢
v'Electron beam

Energy 80.0 eV (Ar"), 78.6 eV (Ar")

Current 1.5 pA

Diameter (FWHM) 0.5 mmé

v'Collision energy (CM) 100 eV

v Toroidal analyzer

Pass energy (Epess) 100 eV (small angle)
110 eV (large angle)

Angular range 30" - 120°

Energy range 0.9Epss -1.1Epss

Relative energy resolution 1 %



Xperimental setup

Diffusion Pump &
| e . Sublimation
i " Pump Ion Lens
Toroidal [on Faraday
ECR IS (F:?lraday Analyzer Cup
(TMUECRIS) - p | = \
ey :IJ].-IlL il J ';:_1 | : N~ T L iL * T V:iﬁ
10 " i I 5 5 di M ||
N'”%LL 1 Tyl
lon Electron
Lens Gun

Ions are extracted from 14.25 GHz electron cycrotron resonance (ECR) ion source,
and are mass analyzed and focused at the collision center.



Electron scattering from HOPG

PSD 40 mm

Tﬂ" __L Exit Slit 8"

Central Axis

Emtrance 5lit
g

Toroidal Deflector

0 200 400 600 +4 d
Intensity (count)

Electron images on the two dimensional detector. Images are on the concentric circles and its center is the image
point of the collision center. Innermost image is for the electrons with energy of 110 eV and outermost image

is for 92 eV electrons. Bright spots are from the electrons scattered at mirror reflection angle, in the present case
75" with respect to the incident electron direction.



Detection efficiency
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Phase A Phase B
lon: ON Electron: ON lon: off Electron: ON

Phase C Phase D
[on: OM Electron: off Ion: off Electron: off

0 1000 2000 3000 4000

Intensity / counts

Raw data in the double beam chopping experiment.



Subtracted image

lon
Beam

150°

Electron
Beam

0: Scatteing angle

 —

-600 -300 0 300 600

Intensity / arb. unit

Two dimensional electron image for elastic scattering from
Ar’" ions at the collision energy of 100 eV.
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Fig. Normalized cross sections for elastic scattering of electrons from Ar’" ions at E_ .~ 100eV.
Red dots : Experimental data. Blue ling : Rutherford cross sections.
Purple line : R-matrix calculations by Nakazaki.

Error bars are ploted at the 1o confidence level.
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Fig. Normalized cross sections for elastic scattering of electrons from
Ar"" ions at E,~100eV.

Red dots : Experimental data.
Blue line : Rutherford cross sections.

Purple line : R-matrix calculations by Nakazaki.



