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ionization v. The decay of this state in the re-
gion x &R, will have a velocity dependence given
by exp(- R,/v7) for small impact parameters, an
idea discussed by Bates." This interpretation
explains the velocity-dependent term in Eq. (l) if
we identify v, = 2R,/7.

Work is presently in progress to extend these
results to higher energies (40 keV), and to dif-
ferent target gases; it will be published at a la-
ter date, together with a more complete descrip-
tion of the apparatus and experimental proce-
dures.
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The E-shell fluorescence yield &z for Be, B, and C was determined from intensity
measurements of the & emission bands excited in fluorescence with the synchrotron radi-
ation of the 7.5-GeV DESY electron synchrotron. The following values for &z were ob-
tained: beryllium, 3.6&&10 «, boron, 5.7&10; carbon (graphite), 8.8 &10"4; the mean
error being +30Vo. These results and those of previous measurements are discussed.

Several papers' ' dealing with the fluorescence
yield of elements with atomic number 2 &10 have
been published recently. The values obtained by
different authors are not in good agreement, and
therefore further measurements seemed to be
necessary.

A new method was used to determine the K-
shell fluorescence yield ~E of Be, 8, and C.
Synchrotron radiation from the 7.5-GeV DESY
electron synchrotron fell onto the target at an
angle of incidence of about 70', and the fluores-

cence radiation, taken off at an angle of SO with
respect to the primary beam, entered a 2-m con-
cave grating spectrometer. For the evaluation of
~~, the photon flux of the fluorescer was deter-
mined as follows. Let N~~~ be the number of K
photons emitted per second per steradian by the
fluorescer in the direction of the spectrometer
entrance slit. Then N~ can be calculated by inte-
grating the absolute intensity of the synchrotron
radiation over the wavelength, taking into account
the absorption coefficients of the target materials
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TABLE I. Fluorescence yield for Be, B, and C in units of 10 4.

Source Beryllium Boron

McGuire, Ref. 1 (theory)
Present work
Dick and Lucas, Ref. 2
Hink and Paschke, Ref. 3
Crone, Ref. 15

e 4 ~

(3 6 +30)'%%uo

(3.04 +20)%

5.6
(5.7 +30)%
(7.10 ~40)%

26
( 8.8+30)%
(11.3+ zo)%
(35 + 1O)%

( 8 +45)%

for the primary photons and the fluorescence ra-
diation with the use of a formula which is similar
to that given by Dick and I ucas. ' The absolute
intensity of the synchrotron radiation, whose
wavelength distribution is well known, "was de-
termined with an error of a 10% from beam-cur-.
rent measurements. " Considering the uncer-
tainty of the absorption coefficients, ' "the mean
error of N» amounts to + 22%. The fluorescence
yield &ul, was calculated from the data for intensi-
ty measurements of the K emission bands" using
the formula"

I,„=NEmzl-,

where lm„ is the counting rate measured in the
maximum of the E emission band in question, and
L is a quantity which is determined by the char-
acteristics of the spectrometer and may be writ-
ten

confirming the reliability of the determined value
of L.

The values obtained for the fluorescence yield
are listed in Table I together with all values de-
termined so far experimentally for Be, 8, and
C and theoretical calculations of McGuire' for B
and C. Our value for 8 is in agreement with
McGuire's calculation, while for our value of C
this is not the case.

The experimental values of Dick and Lucas'
for Be, B, and C and of Crone" for C are within
the error bars of our results, while Hink and
Paschke's' value for C is closer to McGuire's
calculation.

In Fig. 1 the E-shell fluorescence yield for ele-
ments of Z =4 ~ ~ ~ 47 is shown in a plot after Byrne
and Howarth. " The straight line representing the
equation

ln(1/&oz —1) = —3.94 lnZ+ 13.5
I =Zs&ofs 1'o (2) has been taken from a calculation of Kostroun,

lmax jeff~
gave an agreement within a few percent, thus

(3)

where g~ is the geometry factor, i.e., the frac-
tion of the emitted intensity of the fluorescer
which is accepted by the spectrometer; A~ is the
reflecting power of the grating; fs is a factor
giving the proportion of the peak intensity to the
total intensity of the emission band; and FD is
the quantum yield of the detector. '~

The value of L was obtained by calculating g~
and measuring Ro, fz, and 1'z&, and the resulting
value was checked by intensity measurements of
the K radiations of C and Be excited by electron
impact. The absolute intensities N, ii (emitted
K photons per electron per steradian) of the x-ray
sources were calculated using the E x-ray quan-
tum yield coefficients determined by Campbell. '
A comparison of the measured peak intensities

,„' of the spectra excited by electron impact
with the values calculated from the quantity L
and the absolute intensities N, qf with use of the
equation

I

(Z=3
10 f

I I

& & Crone 1936
~ Other Meas. 1967-869—Kost roun et al. 1971

25
26

27
29

31
f 32

47
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FIG. 1. Plot of the &-shell fluorescence yield z
(after Byrne and Howarth, Ref. 16), for Be to C (pres-
ent work} and Be to Ag (see Refs. 1-3, 15, 18-23}.
Straight line, approximation after Kostroun, Chen, and
Crasemann, Ref. 17.
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Chen, and Crasemann" and fits best the theoreti-
cal data of these authors for 15 &Z & 70. The val-
ues of Crone" for C, N, and 0 were determined
relative to neon for which a theoretical value
(&us=8. 1X10 ') was used. A better value for neon
seems to be that lying on the straight line (a„
= 1.2&10 ') in Fig. 1. Relative to this value
Crone's results are +I, =1.3&10 ', 2.2&10 ',
and 3.2 &10 ' for C„N, and 0, respectively„
which fit the straight line more closely than the
original values. The values for Z = 13~ ~ ~ 47 from
more recent and reliable measurements" "fit
this line best. Our results and those of Dick and
I ucas' are close enough to the straight line so
that one may say that Etl. (4) is a good approxi-
mation for the dependence of the K-shell fluores-
cence yield upon the atomic number at least down
to 2 =4.

Thanks are due to J. Muller for help during the
measurements and the synchrotron radiation
group at DESY for their hospitality.
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By applying 75 k% of pulsed rf power to a decaying hydrogen plasma following turbulent
heating, we have maintained a plasma density of 10 to 5 &10' cm for the 600-p sec
duration of the rf pulse. Neutral energy analyzer measurements of ion temperature in-
dicate T; -100 eV, while diamagnetic loop measurements indicate 100 eV &T~ +7; &200
eV. Probe measurements made using different equipment show discrete changes in the
axnplitude of the rf signals near the harmonics of the ion cyclotron frequency.

The purpose of the study reported here was to
explore rf plasma heating at frequencies near the
ion cyclotron frequency and its harmonics. Pre-
vious experiments reporting rf heating at har-
monics of the ion cyclotron frequency either have

been cursory with few details reported, ' or were
performed in a cold, low-density plasma with
low rf power. ' The results of this experiment
show that it is possible to add energy to a col-
lisionless plasma at densities as high as 5 && 10'2
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