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Measurement of Threshold Electrons in
the Photoionization of Ar, Kr, and Xe*
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(Received 16 Februarr. 1967)

D)ECENT studies of electrons produced in photo-
lU ionization of gases have consisted of measure-
ments o{ photoeleciion energ}' spectra using discrete
photcln energies.r Alternativelv, one can varl, the photon
energv and otrservc electrons rvittr kinetic energl- ?'
onlv. Such eler:trons are producecl at photon energies
approximately equal to I1! ?, where 11 is the errergl' of
the 7th ionization limit. '-lhis Not.e reports results
obtained with ?:0. In this case the number of electrons
produced at photon energv 1; is 1>roportional to the
photoionization cross section for that threshold.

I)ispersed Hopfield-continuum radiation frr.rm a 1-nr
vacuum monochrontator2 bombards the targe t gas.
Photoelectrons produced in the iorrization zone are
accelerated and then analvzed with a cr,lindrical energl-
analyzer.3 'fhe anal,r'sis energ)' is chosen to equal the
acceleration energy. An electron-multiplier-scalar
counts the photoelectrons while the photon flr.rx is
monitured as described previorrslr',a fhe experimental
conditions \^'ere: monochromator banclpass, 2.8 .1,;

sample pressure, -10-5 torr; acceleration energl-, 6 eV;
and count rate, 1.03/min. 'l'he ratio of photoelectron
count rate to incident photon flu.x is measurerl as a
function of wavelength on a point-b1'-point basis.
Surface-cffect photoelcctrons produced in the ionization
zone deternines the limiting-background count rate.

Irigure 1 shows data for Xe, Kr, and Ar. These
results ma1 be <:orLpared with conventional photoioniza-
tion data and phcitoelectrically recordecl absorption
spectra.rs In all t.hree gases, the autoionization slruc-
ture found at energies betrveen Lhe 2P312 irnd 2P1l2 ion
Ievels is substantially suppressed, demonstrating the
discrimination of the system against electrons with
initial kinetic energy. For Xe, two peaks are observed,
corresponding to the Xe+ 2Pttz and Xe+ 2P172 levels.
The Kr data shows an additional peak centered at
880.4 A attributecl to ar.rtoionizat.ion. The initial kinetic
energy of the autoionized electron is sufliciently small
in this case that a partially attenuated peak is observed.
Further support for this interpretation is presented in
the ligure. Using 3 eV acceleration energy, this auto-
iouizing peak is further suppressed owing to the smaller

energt'-analy'zer bandpass at the lower electron energv.
In Ar, the 2P172 ion le'yel is resolved, but the :p372

level is believed to be clbscured by autoionization,
Convolution of the ins:lrunrental resolution function
with a step-function phot.oionization cross section shows
that the peak positions are slightly shifted to higher

Frc. 1. l{atio of photoelect.ron count rate to nhrton flux as a
functiorr of rvrvelcngth of inciderrt photun beari-r. [)ata f,,r Xe,Kr, and Ar at the acceleration eneigy (see text) sh,,rrn in the
graphs. Vertical.lines show specrroscopic values (Ref. 10) of the
ionization cncrgics, in wavelength uniis, for the sta,es indicated.
I he wxvclength scale is accurate to better than 0.5 i..
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.|.ll:. rvith respect ro the tnle ionizarion sncr,,,. r.
the 800-1000 i region this shifr is calculatei i, fr."i S'ifor 6 e\r acceleration energ).. Taking this int<_r accounr,
the experimental values foithe zpsliand2prp ion levels
are in good agreement with rnore accurate spectroscopic
de ternrinations.lo

Since all electrical potentials in the instrun)errr are
fir.ed and only the photon ener.g), is varied, the electron
collection-efficiency is essentiallr. constant.'Ihus, conr_
parison of relative peak ampliturles is meaningful. In a
separate set of e:rperiments the ratio of photoeiectrr_rn
count rate to incident photon ilux was measurecl in Xe
and in Kr at the obsen,ed u,avelengths of. the 2p312
and 2P1,,s peaks rinly. I.'or Xc, using 6 e\/ acceleration
energ\', the observed ratio of 2l)372 an-rplitude to 2py,,e
amplitude rvas 1.65:t0.18 while in Kr, using J .\;
acceleration energy, the ratio was 1.0g=t0.12.'Ihe
ab-sc1rp1i6n spectra of both gases shou. appreciable
absorption cross-section variaiicrn to the ,hurr_ou"._
lgngth side of the 2P312 ionization onset but not at the2l'1y2 threshold.8 llence, the amplitude measured at the
2P3;2 onset is an a.verage value weigirted tr1, the r.esolu_
tion function of the instrument. f.he ampiitude at the
2P172 ons€t should be unaffectecl. Deconritlution shows
that the a"bove ra.tios rnust be increased to 1.g1+0.2()
for Xe and 1.85.i.0.22 for Kr. These <;orrectecl values
nrav be conrpared with theorv.

_ The photoionization cross section is proportional to
both.the.photon.enerCl. and the square o? the dipole
matrix element.rr Applied to the present case ancl.
assunring that the radiai integrals are identical for the
trvo nrernbers clf t.he ion doublct, we erpect the ratio of
amplitudcs. to be 21312f lrl2, where 1312'anrJ 1112 are the
respective ionization energies. .Ihe factor ni-2 is tI,.
ratio of the statistical weights of the levels. This theon,
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pre<licts that for Xe ancl Kr the antplitucle ratios should

l.:.,t 990 
and 1.909, respectivell.,'in guod og.eenlenr

\1 lrn Ute corrected e.rperimental values. .I.hese 
results

are also consistent with. previous determinations usingother n'rethods.rb,d 'fhe accuracy is not sufEcient t<_r
del.ernrine departures fr,:lrn tliis simp,le theorl. due to
con6guratir>n-inter.act.io::i efiects at rhr:eshotd.
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