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Nuclear excitation by electron transition (NEET) was investigated on %7 Au. It is expected for 1°7Au
that the deexcitation of the K-shell ionized atoms would be accompanied by the nuclear excitation of the
first excited level. Time spectra of 63-keV electrons emerging from a °”Au target after bombardment with
100-keV pulsed electron beam were measured with a specially designed nanosecond stroboscopic electron
spectrometer. A decay component with a half-life of 1.9 ns was extracted from the electron time spectrum.
The decay was attributed to the internal conversion electrons emitted from the excited '°7Au nucleus as a
consequence of the NEET process and the NEET probability was deduced to be P=(5.143.6)x107°. The
result was compared with several theoretical estimates.

Nuclear excitation often takes place in the cascade
transition of an orbital muon in muonic atoms, re-
sulting in perturbed X-ray emission, neutron emission,
or prompt fission.!~” The excitation effect has also
been observed in pionic atoms.®) In ordinary electronic
atoms, the probability of exciting the nucleus by radia-
tionless electronic transition is usually negligibly small
compared to the X-ray or Auger-electron emission be-
cause the electronic transition energy is always low com-
pared to the nuclear one and the interaction energy be-
tween the nucleus and its orbital electrons is very small.
The excitation effect, however, may be observed in spe-
cial cases where an atomic deexcitation energy closely
matches a nuclear excitation energy and both transi-
tions have a common multipolarity.®) This phenomenon,
called nuclear excitation by electron transition (NEET),
has been observed in 1890s'°—%) and 23"Np.!¥ NEET
proceeds through the electric quadrupole (E2) interac-
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tion in '#%0s, and through the electric dipole (E1) in-
teraction in 23"Np.

Such phenomena that involve the dynamic elec-
tron—nucleus coupling have been noted as a pumping
process to initiate -ray lasers.'>!®) Among them the
NEET process has been considered to be a promising
mechanism to effectively excite a nucleus to the stor-
age state, which can decay through a radiative transi-
tion with the laser characteristics.!>~7) Further studies
of NEET are necessary for the application as well as
a fundamental study on dynamic interaction between
atomic electrons and the nucleus. In addition to NEET
induced by the electric-type interaction, it is desirable
to obtain the knowledge of NEET induced by the mag-
netic-type interaction. For muons the magnetic dipole
(M1) hyperfine interaction is negligible compared to
the E2 interaction.>? In contrast, for electrons the M1
and the E2 interactions are of approximately equal im-
portance, since the former depends upon the magnetic
dipole moment which varies inversely with the particle
mass. Only in the NEET process, therefore, the nuclear
excitation induced by the M1 interaction can be studied
and may be observed.

We have tried to detect NEET in ®7Au, where NEET
is expected to proceed through the M1 interaction. The
NEET in !°"Au occurs between the excitation of the
first nuclear level and the KM electronic transitions, as
described later. We have observed the internal conver-
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sion electrons emitted from the excited nucleus as an
indication of NEET by using a specially designed stro-
boscopic electron spectrometer. The preliminary exper-
imental results were previously reported.'®) The details
of the spectrometer and its performance were also de-
scribed elsewhere.!® We describe here the details of the
revised data analysis and discuss the NEET process ob-
served in %7 Au through a comparison with theoretical
predictions that appeared recently.20—2%

Experimental

Principle of the NEET Observation. Figure 1 shows
the NEET diagram for °”Au depicted on the basis of data
given in refs 25 and 26. The NEET conditions are satisfied
in the KM; electronic transition and the 77-keV nuclear ex-
citation, since these transitions have almost equal transition
energies and a common multipolarity of M1. The NEET by
the E2 interaction may also take place in the KMy 5 elec-
tronic transitions. The nuclear excitation of the 77-keV level
is therefore expected to occur with an appreciable probabil-
ity following ionization of the K shell of a ®7Au atom. As
an indication of NEET in '°"Au, we selected the internal
conversion electrons that are emitted in deexcitation of the
first excited nuclear level with a half-life of 1.9 ns.2®

To observe the conversion electrons, we have developed
a stroboscopic electron spectrometer, the principle of which
is schematically shown in Fig. 2. The spectrometer consists
of two parts, energy analysis and time analysis, and allows
us to measure the time spectrum of electrons of a defined
energy with a time resolution of subnanoseconds. A '°"Au
target was bombarded with an electron pulsed beam to ion-
ize the K shell, and the conversion electrons were selected in
both energy and time among the secondary electrons emerg-
ing from the target.

The electron pulsed beam with an energy of 100 keV, a
width of 1 ns, and a repetition of 20 ns, was produced with a
pulse gate consisting of high-frequency (25 MHz) deflector I
and a chopping aperture. Then secondary electrons emerg-
ing from a target bombarded with the electron beam were
condensed into a direction perpendicular to the primary
beam and deflected again with deflector II working in syn-
chronization with deflector I. The phase difference between
the two deflectors was controlled with a phase shifter.?” The
electron beam passing through another aperture after deflec-
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Fig. 1. NEET diagram for *"Au. Energies for each
level are given in keV.
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Fig. 2. Principle of the NEET observation system.

tion had its momentum analyzed with a magnetic analyzer
and finally detected with a Si(Au) detector. The phase dif-
ference corresponded to a delay of the emission time of the
electrons with a defined energy. We finally detected only the
electrons emitted at a delayed time (corrected for the time
of flight) corresponding to the phase difference. The phase
shifter can delay the phase of deflector II from zero to 50
ns in 0.1 ns increments. A microcomputer system was used
to control the phase shifter and to accumulate the data in
accordance with the phase difference. Thus, the time spec-
trum of the electrons with a defined energy can be obtained
by scanning the phase difference with the phase shifter as
shown in Fig. 2.

In the NEET-observation experiment the analyzer magnet
is tuned for the conversion electron of 1" Au. If NEET takes
place in %7 Au, a decay component with a half-life of 1.9 ns is
expected to appear on the delayed side of the peak composed
of the prompt events in the electron time spectrum. The
details of this system are described elsewhere.'®

Experimental Procedure. A '°"Au target was metal
foil 10 um thick and mounted at 45° with respect to both the
primary and secondary beam directions. The beam current
was typically 60 pA in a DC beam. The analyzer mag-
net was tuned for 63-keV electrons: This corresponds to
the L-conversion electrons, which are a main component of
the conversion electrons emitted from the first excited nu-
clear state. The resolutions of the analyzer magnet and the
Si(Au) detector were Ap/p=5% and AE/E=10%, respec-
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tively.

A series of measurements consisted of the full region mea-
surement, the valley region one, and again the full region
one by which the phase stability was checked. In a typical
measurement, scanning was repeated several hundred times
with a dwell time per channel of one ms or 40 ms. Figure 3
shows the time spectra of the 63-keV electrons in a single
run. The upper (a) and lower (c) spectra for the full region
include two peaks (PK-L and PK-R) which are composed
of the inelastically scattered electrons and KLM Auger elec-
trons. The energies of the Auger electrons were calculated
from data in the literature.?® The time scale of the ob-
tained spectrum was calibrated using these prompt peaks
20 ns apart. Since the emission of the conversion electrons
was delayed compared to the prompt events, only the val-
ley region was further scanned to improve the statistics for
the conversion electrons as shown in Fig. 3b. Such a mea-
surement was repeated 60 times. The data were summed
up after normalization of the prompt peak positions, and
the resultant spectrum, shown in Fig. 4a, was used for the
subsequent analysis.
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Fig. 3. Typical Time spectrum of 63-keV electrons.

(a) Full region (10—40 ns). (b) Valley region. The
decay curve due to NEET is expected to appear on
the delayed tail. (c) Full region. The instability of
the system was checked by comparison to spectrum
(a). The abbreviations PK-L and PK-R present the
positions of the left and right prompt peak, respec-
tively, and PK-O is the center of the both peaks.
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Fig. 4. (a) Residual counts obtained by subtracting

the background from the resultant time spectrum of
63-keV electrons for '°”Au obtained from the sum-
mation of 60 data. (b) Residual counts obtained by
subtracting the background from the resultant time
spectrum of 63-keV electrons for platinum. The chan-
nel number was rearranged about PK-O in the pro-
cedure of the data summation. The position of EOB
corresponds to the time at the end of bombardment
(see text). The solid curve is the decay curve of a
half-life of 1.9 ns fitted to them. The fitting region
was from 50 to —50 ch (closed circles). The similar
results were also obtained in the analysis for another
fitting region. Open circles corresponds to the region
from 55 to —55 ch and the dashed curve presents the
fitting result.

To check the stability of the spectrometer and to measure
the background, measurements for platinum (blank experi-
ment) were also done under the same conditions. Platinum
is an element neighboring to Au and consists of non-NEET
isotopes, accordingly it is the best target for reference. The
result for platinum is also presented in Fig. 4b. The details
of the measurements were also described elsewhere.'®)

Data Analysis

Decay Function of the Conversion Electrons.
The conversion electrons originating from NEET grow
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during the irradiation with the electron beam and, when
the beam is turned off, they decay with a half-life of 1.9
ns. The growth and decay are repeated with a cycle of
20 ns in this system. According to the literature,'® the
number of the detectable conversion electrons is related
to the NEET probability P by the following equation
as a function of the phase difference ¢:

ts 4DoWo
C(p)=dezn O'KPB-T Nrir,
[1—exp (A 71/2)]*[1—exp (—A72/2)) exp [-\(T/27)¢], (1)

for 2n7 /T<¢p<2n(l—72/T), where ¢ is corrected for
the flight time of the conversion electron from the tar-
get to the gate II. The definitions and values of the
parameters used in Eq. 1 are summarized in Table 1.
The time dependence in the incident rate of electrons
can be approximately expressed in triangular form with
the maximum rate Dy and the irradiation duration 71,
and the time window of the delayed gate can also be
expressed in triangular form with the full window W,
and the open duration 7. The property of the pulsed
beam used is described in the literature.*® Through-
out the experiment, 7, and 7o were set to T1=72=2.0
ns. The value Dy was also taken as Dy=6.25x1012 I,
(pA), where Iy was the DC (peak) beam current pass-
ing through gate I. In addition W, was taken as unity.
As a consequence, the transmittance in this system was
included in the detection efficiency e. Substitution of
these conditions and the tabulated values into Eq. 1
leads to

[1—exp (=AT)] ™"

C(¢) = (3.52£0.39) x 10" P Io ts exp [-A(T/2m)¢].  (2)

Thus, the time variation of the conversion electron
shows the normal exponential decay curve with respect
to ¢ according to the nuclear decay.

Decay Analysis of the Observed Conversion
Electrons. If NEET takes place appreciably, the
decay component should appear on the delayed tail of
the prompt peak. Both of the time spectra obtained for
Au and Pt, however, have similar and smooth shapes,
and are apparently symmetric about PK-O. This is
conceivable because the decay component caused by
NEET is very weak compared with the background
level. Then we analyzed both the spectra by using a
least squares fitting with a symmetric function about
PK-0O and extracted the decay component from the
asymmetry found for the Au data as described below.

In the extraction of the decay component, it was as-
sumed that the observed spectrum in the valley region
was expressed by the following function:

Q&) =D(&) + B(¢), (3)
where D(¢) is the decay function:
D(§) = Ao exp [~4-(§ —EOB)], (4)

and B(¢) is the symmetric background component and
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represented as an even orders (2n) polynomial:

B(¢)= gki-(é—RPK-O)”. (5)
Here, £ is the relative channel number rearranged in
the data summation procedure, the abbreviation EOB
means the end of bombardment corresponding to the
position of =0 and here is taken as the rearranged
channel number of PK-L, RPK-O corresponds to PK-O
represented by the rearranged channel number, A is the
decay constant expressed in the units of channel num-
ber, Ag is the count of the decay component at EOB,
and k; is the coefficient of the 4th order in the polyno-
mial.

Using the function Q(¢), we searched for the best fit
to the spectrum obtained, varying the order of the B(£)
as a parameter, by a least squares method. The best
fitted background function was the 8-th orders polyno-
mial. Figure 4 shows the results of analysis for the Au
data. The residues obtained by subtraction of the back-
ground component B(§) indicate that an exponent was
left on the delayed tail of the prompt peak, as shown
in Fig. 4a. As a result, we obtained Ap=192+58 counts
(reduced chi-squares: x2=1.09) as the number of the
conversion electrons detected for the total runs. The
selection of data region used for the fitting procedure
may affect the value of Ag. Then we analyzed the data
for two fitting regions: from —50 ch to 50 ch and from
—55 ch to 55 ch, and calculated the Ay value from two
results obtained. The attached error includes the fluc-
tuation due to this effect in addition to the statistical
error.

The results of the analysis for the blank experiment
are also shown in Fig. 4b. The fitted value of Ay was
obtained as 4g=1.4457.0 counts (x2=1.16) for the plat-
inum target, provided that there is an exponential com-
ponent with a half-life of 1.9 ns. This result evidently in-
dicates that the background is symmetric about PK-O
(see Fig. 3) and that there is no exponential residues
in the valley region. The exponent found only in the
spectrum for 1%7Au is therefore attributable not to the
experimental conditions or accidental causes but to the
nuclear decay with a half-life of 1.9 ns.

Next we will consider the uncertainty in Ay caused
by the experimental and analytical procedures, besides
the errors described above. The main origins are the
fluctuation of time scale due to the instability of the
system and the ambiguity of horizontal axis blurred by
the data summation process.

The former results in the ambiguity of the symmetric
center of the background for each run. This extent is
obtained from the error of the prompt peak positions
(PK-L and PK-R) and the shift of the peak positions
in the first and the last full-region measurements (see
Figs. 3a and 3c). This ambiguity, the error of RPK-O,
strongly affects the quantity of the exponential compo-
nent (Ag), because the exponent is much smaller than
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Table 1. Parameters Used in Eq. 1 for Derivation of the NEET Probability

Symbol Description Numerical value
A Decay constant of the 77-keV level in 1°7Au 3.6x10% s71 ¥
z Thickness of %7 Au target (45°) 1.41x1073 cm
n Atomic density of Au 5.9x10%2 cm™3
oK Cross section for K-shell ionization in Au (4.5+0.1)x107% cm?
B Emission probability for conversion electrons  0.809 ©
T Pulse period 2x1078 s
T1 See text 2%x107% s
T2 See text 2%x107% s
Iy Irradiation DC current 60 pA (typically)
ts Measuring (sampling) time 1 hour (typically)
€ Total detection efficiency 1.57x107¢ pp 9

a) Calculated from the half life of 1.9 ns.26)
d) See text.

¢) B=a/(14«), where a=4.2340.07.26)

the background. The average value of the error for 60
data was £0.36 ch. We evaluated the error of Aq as
+54%, taking into account both of the above and the
statistical error.

The latter comes from the procedure that the data
were normalized not to just the position of PK-O but
to the nearest channel of PK-O in the summation proc-
ess. The central channel in the summation was set to
an integer of zero. The average value of RPK-O was
0.003 ch, the value of which should approach zero as the
number of data is increasing. The shift for the horizon-
tal axis resulting from the summation procedure ranges
—0.5 to +0.5 ch naturally. It may be unreasonable that
this uncertainty is treated as the standard deviation of
statistics. Since this uncertainty, however, was consid-
ered to largely affect the exponential component, we
deduced the standard deviation of Ag to evaluated the
influence on Ag by the uncertainty. The standard devi-
ation was obtained with an ordinary method from the
difference between the Ag value for the true RPK-O
and the values obtained by the same fitting procedure
with the position of RPK—-O shifted in the range from
—0.5 to +0.5 ch. As a result, the error due to the sum-
mation process was estimated as +34%. Although this
treatment is fairly ambiguous, we believe that the un-
certainty for the Ay value due to the system instability
and the data analysis is £62% or less as a whole. The
corrected number of the conversion electrons was esti-
mated to be Ag=1914133 counts.

Estimation of the Total Detection Efficiency.
In Eq. 2, the only parameter yet unknown is the detec-
tion efficiency of the conversion electrons ¢, which is an
important factor for measurement of the absolute value
of P. The detection efficiency in the system is expressed
by

€ = 1T EC €SCA €D (6)

where 77 is a transmission coeflicient from the target to
the Si(Au) detector of the electrons, e¢ is a detection
efficiency of the Si(Au) detector, esca is the fraction of
accumulation by the computer system through a single

b) Taken from the literature.29)

channel analyzer (SCA) relative to the number of signal
from the detector, and ep is the fraction of the num-
ber of the detectable electrons, which emerge from the
target surface and enter the detectable solid angle as de-
fined by the aperture placed in the condenser magnet,
relative to the total number of the conversion electrons
produced in the target. Here we will estimate these
values.

nr is related mainly to the beam alignment and the
aperture size. The effect of the latter must be included
in nT because W, is set to Wp=1. In each run, nt was
obtained from the check of the alignment by DC beam
and ranges from 0.6 to 0.9 in the most run. The value
of e¢c was calculated as the fraction of the number of
the output signal to the number of electrons incident
on the detector surface, and estimated to be ec=0.860
from the back-scattering coefficient of a 63-keV electron
for the surface of the Si(Au) detector.®") e5ca=0.763
was also obtained from the window (60.0—66.0 keV)
of SCA and the energy spectrum of 63-keV electrons
observed by the Si(Au) detector.

Finally ep was estimated by the following manner. In
Eq. 1, the number of the ionized atoms is calculated by
znok per incident electron. But we must indeed take
account of the energy degradation, the intensity attenu-
ation, and the scattering of both of the incident and the
emitted electrons because of the thick target. Owing to
these effects, the spectrum of the conversion electrons
emitted from the target surface becomes broad and con-
tinuous. Then, we estimated the energy spectrum of the
conversion electrons emitted within the solid angle sub-
tended by an aperture placed in the condenser magnet
by the Monte Carlo method as follows and determined
the ep value.

For low energy electrons running in the solid phase,
a collision with a nucleus changes the direction of the
motion and that with an orbital electron degrades the
energy. According to Lindhard et al.,*® the energy loss
and the differential cross section for the nuclear collision
are expressed by
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22/5—1 a2~2/s e4/an

dFE 1-1/s

— =) E ,

dz 7 1-1/s (™)
and

dO’n 21/3-—1 a2—2/s e4/s Z2/s sin 6

=11 s . s (8)

dé E2/s (1—cos §)1+1/s

respectively, where A\ and s are the empirical constants,
Z is the target atomic charge, n is the atomic density,
e is the electron charge, and a=0.8853-ayZ /3, with
ag being the Bohr radius. We used the values A\s=
0.182 and s=6/5 which are in good agreement with the
experiments in the range from 10 to 1000 keV.3?®

In the calculation, the scattering event of the electron
was generated based on the mean free path given by
1/(noy). The energy loss was estimated from the dE/dz
and the path length, and the scattering angle was deter-
mined randomly with the weight of do,,/df. Doing the
Monte Carlo simulation consisting of the above proc-
esses, we obtained the distribution of the ionized atoms
along the depth coordinate and the trajectories of the
conversion electrons. The latter gives all path lengths
from the initial position, where the ionized atom emits
a conversion electron as a consequence of NEET, to the
target surface. As aresult, we obtained the energy spec-
trum of the conversion electron emitted from the tar-
get surface. The calculation was done for all related
conversion lines, the intensities and energies of which
were estimated from the conversion coefficients and the
energies of electronic levels in the literature,®® taking
M1+11%E2 as the nuclear transition type. The ob-
tained spectrum of the L;-conversion electron is shown
in Fig. 5 as an example.

The number of the conversion electrons passing
through the momentum window of the analyzer magnet
was estimated to be N=7.28x1071° per primary inci-
dent electron from the spectra predicted for all lines.

L1-c.e.
100+ l 7
2 ENERGY WINDOW
»
'.—
550 .
(©]
(&
0 1
0 20 40 60 80
ENERGY (keV)
Fig. 5. Spectrum obtained by the Monte Carlo sim-

ulation for the Li-conversion electron. 10000 events
were generated in the calculation. The shaded region
shows the conversion electrons passing through the
energy window of the analyzer magnet. The similar
spectra were also obtained for the Lo-, Ls-, M-, -,
N-conversion electron.
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Thus ep was estimated to be ep=2.4x10"° from the
ratio of N to znokB. Consequently, we obtained =
1.57x107% 57 as the total detection efficiency.

Derivation of the NEET Probability. Although
the observed decay component had a large uncertainty
in the value, it may be concluded that the nuclear exci-
tation via the NEET process was detected in *°7Au be-
cause no phenomenon except NEET could explain the
asymmetric component appearing only in the case of
197 Ay as described above. Since the obtained Ay value
is the sum count of 60 times runs, it can be related to
the NEET probability P by the following:

60 60
Ao=> Ci(¢p=0)=(55.2+6.2)-P>_ nr, lo, ts;, (9)
i=1 i=1
using Eq. 2 and the value of ¢, where C; means the
number of the conversion electrons detected in the i-th
run, and nt;, lo,, and t;, are the transmission coeffi-
cient of the conversion electrons, the DC electron beam
current, and the sampling time, respectively, for the -
th run. The summation part of Eq. 10 corresponding
to the total current was
60
> nr, 1o, ts; = 68529 (uC). (10)
=1
Consequently, the NEET probability was deduced to be
P=(5.1£3.6)x1075.

This value is smaller by a factor of four than the pre-
vious one.'® The discrepancy comes mainly from the
different treatments for the beam pulse width in data
analysis and for the detection efficiency ep. In our pre-
vious report, we set simply 71=7s=1 ns from the deflec-
tion frequency and the aperture width. In expressing
the pulse shape with a triangular form, however, it is
more reasonable to take 7;=75=2 ns as the present case
is, since the result of measurement for the ratio of pulsed
to DC beam current shows the average pulse width to
be 1 ns.’® We also evaluated the ep with an elaborate
method and obtained the more probable value of ep in
this report. Therefore, this value is considered to be
more reliable, in spite of large discrepancy between the
present and the previous one.

Discussion

We must consider the other mechanism to activate
the nucleus of 197 Au, before discussion of the observed
NEET process. Another possible mechanism for the
nuclear excitation is Coulomb excitation by inelasti-
cally scattered electrons. The cross section for 1%7Au
with 100-keV electrons was calculated according to the
theoretical treatment by Alder et al.3® with B(M1)=
7.75%1073 p% and B(E2)=0.13 €?b2.2® The applica-
bility to the energy region well below 1 MeV has been
experimentally confirmed by Saito et al.’® The esti-
mated cross section was 9.3x107? b, while the observed
one responsible for the nuclear excitation was 8.1x10™4
b. Then it was concluded that the contribution of the
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Table 2. Comparison among the Theoretical and Observed NEET Probabilities

. . . Theoretical
Nuclide Experimental (Interaction) 3

Pisk et al.® Morita et al.®” Ho et al.9) Ljubicié et al.¥  Tkalya®

1890s  (1.740.2)x1077 D (BE24+M1) 2.5x1077 5.9x10 1! 1.2x107° 2.3x1077 3.4x1071°
4.3x107% ®
(1.240.8)x107% B
(5.74£1.7)x107° ¥

YTAu  (5.143.6)x107° ) (M1) 3.5x1073 4.2x1077 2.2x107° 1.3x1077

B'Np  (2.1£0.6)x107* ¥ (E1) 1.5x1077 8.5x107° 2.6x107* 3.1x10712

a) Ref. 20. b) Ref 21. c¢) Ref 22. d) Ref 23. e) Ref. 24. ) Ref 10. g) Ref. 11. h) Ref. 12. i) Ref 13.

j) Present work. k) Ref. 14.

Coulomb excitation process was negligible and hence
the observed activity of 1°"Au was attributed to only
the NEET process.

Here, we will discuss the NEET process in °” Au from
comparisons with several theoretical predictions. The
NEET probability P can be estimated theoretically by

P=(1+I2/T)E?/{A*+ (I + 12)/2)%), (1)

according to the literature,”'® where Iy and I are
the level widths of the initial and final electronic states
participating in NEET, respectively, E’ is the electro-
magnetic interaction energy between the nucleus and its
orbital electrons, and A is the energy difference between
the electronic and the nuclear transitions. In °7Au,
A=—48 eV 2> [=49.6 eV,’” and I'y;=20.9 eV,®
since the NEET conditions are satisfied in the KM, elec-
tronic transition and the 77-keV nuclear transition as
shown in Fig. 1.

The amount of E’ for the M1 interaction can be very
roughly estimated from the Bohr and nuclear magne-
tons (up and py) and the electron density at the nu-

cleus by the following formula:3%
, 8
B =T (L) i@ ne(0), (12)

where g, is the gyromagnetic factor of proton and 14(0)
and ¥,5(0) are the 1s- and ns-electron wave functions
at the nucleus. By using the results of calculation with
the relativistic Dirac—Fock equations*® as the values of
the wave functions, we obtained P=2.3x10~%, which
was larger by a factor of four than the observed one.
However, if considering for the dynamic reduced matrix
element B(M1) of the relevant transition to be smaller
than the magnetic moment of proton, the estimate for
M1 may be also smaller by one or two orders of magni-
tude than the crude estimate described above which is
dealt with a kind of a single particle estimate.

The more detailed calculations for P have been re-
cently developed by many authors.2>—24 Morita et al.??
and Ho et al.?? formulated the interaction E’ by means
of a time dependent perturbed method and Ho et al. ob-
tained P=4.2x10"7 for %7Au by using the published
data for B(M1) and I;. Tkalya?¥ discussed the NEET
probability in the framework of quantum electrodynam-

ics (QED) and obtained P=1.3x10~7 for %7 Au. These
were smaller by two orders of magnitude than the ex-
perimental value.

Different approaches to the estimation for P have
been also proposed by Pisk et al.?® and Ljubi¢ié et al.?®
The formalism by Pisk et al. expressed the P value in
terms of the excited nuclear level width, the energy dif-
ference between the nuclear and electron transitions,
the Coulomb interaction between the initial electron
states, and the electron level width. Ljubicié¢ et al. dealt
with the NEET phenomenon by a similar treatment as
Pisk et al, but declared that the probability depends on
the atomic parameters only. Both of them obtained the
P values in reasonable agreement with the experimental
results for other NEET-nuclides as well as %7 Au.

A comparison among these theoretical estimates is
shown in Table 2 for all NEET-nuclides observed. One
can see that the theoretical treatment for NEET is still
controversial, although the approaches by Pisk et al.
and Ljubici¢ et al. better explain the experimental re-
sults. The status of the recent theoretical treatments
has been reviewed by Tkalya.*?

In addition to the M1 interaction, the NEET by the
E2 interaction in %" Au may occur between the KMy s
electronic transitions and the 77-keV nuclear transi-
tion as shown in Fig. 1. We then evaluated the con-
tribution of NEET induced by the E2 interaction by
a crude estimate, since the theoretical predictions for
197 Au have not been reported so far. A simple formula
for E' employed in the original NEET theory®'® pro-
vides P=3x107%, taking account of the enhancement
of the nuclear matrix element by the collective motion.
This means that the E2 component may be not negli-
gible for NEET in 197 Au, although the relevant nuclear
transition has a small E2 fraction. Anyway, more reli-
able theoretical consideration is required for the NEET
by E2 interaction as well as M1 interaction to discuss
the mechanism of the NEET process in 1°7Au.

Conclusion

The decay component of a half-life of 1.9 ns was
observed in the 63-keV electron time spectrum taken
with a nanosecond stroboscopic electron spectrometer
by bombarding °"Au with 100-keV pulsed electron
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beam. The observed activity was ascribed to the de-
cay of the 77-keV nuclear level having been excited by
the NEET process. We concluded that the NEET phe-
nomenon was observed in 197 Au and the probability was
P=(5.14£3.6) x 1073, taking account of the reliability for
the experimental method checked by the blank measure-
ments and for the elaborate method of the data analy-
sis, although the obtained value had a large uncertainty.
The revised NEET probability for °7 Au reported here
will be useful for the progress of the NEET theory as
the third example following 890s!°—'% and 23"Np.!%
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