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Energy Levels of Au'
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The energy levels of Au were studied by observation of conversion electrons following the

(P, 2g} reaction on Pt, and by measurement of the energy spectrum and angular distribution
of tritons from the Au t,P, t} reaction. Many new energy levels are reported, and several
new I-7( assignments are made by combining information from the two experiments.

The excited levels of Au'~ have been previously
studied' by the de@ay of the ground state and meta-
stable excited state of Hg'". The present experi-
ment utilizes charged-particle reactions leading to
final states in Au'". They are the observation of
conversion electrons following the (P, 2n) reaction
on Pt' ', and the detection of tritons from the Au"'-
(P, f)Au'" reaction. Several new levels were
identified and assigned spins and parities.

The experiments mere performed using the Uni-
versity of Pittsburgh three-stage Tandem Van de
Graaff accelerator. The Au"'(p, t)Au"' reaction
mas induced mith 17-MeV protons, and the tritons
mere detected by photographic plates in the focal
plane of an Enge split-pole spectrograph. A de-
scription of the magnet and scattering system has
been given elsewhere. ' Because of the large nega-
tive Q value (-6.2 MeV), only states up to 1.6 MeV
in excitation were observed. Spectra mere ob-
tained at eight angles from 8 to 65, and a typical
one is shown in Fig, 1. Since the ground state is ex-
cited with R cross section typically two orders of
magnitude larger thRn those of the excited stRtes
the peak from it mas overexposed on the plates, so
it was studied in a separate experiment using a
position sensitive detector in the focal plane of the
magnet. The resolution in the early runs was ap-
proximately 10 keV, but when it became apparent
that good resolution was not necessary (i.e., the
states were well sepa, rated) thicker targets and a
larger solid angle were used in order to cut down
the long running times. The targets used were
made from gold leaf and ranged in thickness from
300 p, g in the early runs to 1 mg in the later runs.
The gold leaf contains significant impurities of
silver and copper, but the Q value of reactions
from these impurities is such that in the region of
interest, kinematics excluded all charged particles
except the tritons from the Au'"(P, f) reaction.
The only problem encountered was background due
to beam scattered from the defining slit in front
of the target. Since resolution was not a problem,
this background mas removed by going to a slight-

ly larger slit and tuning the beam completely off
the slat. The uncertaxnt~es xn excitation energies
are about 10 keV in the 1-MeV excitation region,
and 5 keV at lomer excitations.

The conversion electrons from the Pt' '(p, »)-
Au'" reaction were observed in a six-gap "orange"
type spectrometer originally designed by Kofeod-
Hanson. ' A description of the magnet and its as-
sociated electronics is given elsewhere. ' Data
were taken at bombarding energies of 8, 10, 12,
and 16 MeV. This range of energies was necessary
in order to distinguish between the peaks from the
(P, n) and (P, 2n) reactions. The (P, 2n) threshold
is at 8,5 MeV. A typical spectrum is shown in
Fig. 2. The resolution was about 1/o in momentum.
The target was a thick (2-4-mg/cm') self-sup-
porting foil of 70%%uo enriched Pt'" with the princi-
pal impurity being Pt'" (-20Vo).

The difficulty in working with conversion elec-
trons is that only transition energies are deter-
mined and not energy levels. This is partially
compensated for by the fact that the multipolarity
of the transition can usually be determined from
the intensity ratios of the K and I conversion
lines. The (p, t) reaction determines energy lev-
els but not spins and parities. [This is not the
case at higher bombarding energies where there
is structure in the angular distributions. This
lack of structure in the angular distributions pre-
cluded any use of distorted-wave Born-approxi-
mation (DWBA) calculations. ] The combination of
the tmo experiments can then give the desired re-
sults since the determination of energy levels also
determines the assignment of the observed transi-
tions.

The triton angular distributions for all transi-
tions are plotted in Figs. 3 and 4. %ith the ex-
ception of trRQsitions to the ground stRte Rnd the
1.35-MeV state (cf. Fig. 4), the angular distribu-
tions are generally not differentiable. Since the
ground state of Au'" is $', the transition from
Au'" (whose ground state is also a2') must be an
I =0 transition. The similRrity of this angular dis-
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FIG. 1. Energy spectrum of tritons from the reaction Au' (P, t)Au . Observation angles are 75' in upper portion
and 15' in lower portion. Numbers are excitation energies of corresponding states in MeV.

tribution to that for transitions to the 1.35-MeV
state indicates that the latter is also a 2' state.
The energies of all transitions observed plus rela-
tive intensities at the maxima are listed in Table I.

The energies and intensities of the electron spec-
trum from the Pt'9'(P, 2n)Au'95 reaction with E&
=16 MeV are listed in Table II. Several transitions
are identified with the aid of the (P, t) results and

previously known levels.
The 440-keV level had not been reported in earl-

ier studies, but it is observed in the (P, t) reac-
tion, and a 440-keV transition is observed in the
electron spectrum. The K/L ratio for this transi-
tion is 6.3 +0.8 which implies an M1 transition
(theoretical value =6.0). Thus, only three possible
spins and parities are possible for the 440-keV
level, namely ~2', —,", and —,". A —,

"assignment is
doubtful because in this case the angular distribu-
tion from the (P, t) results should show the char-
acteristic I.=O shape whereas, as seen in Fig. 3,
the angular distribution for transitions to the 440-
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FIG. 2. Energy spectrum of electrons emitted following bombardment of Pt~ 6 by 16-MeV protons. The peaks identi-
fied by arrows appeared consistently in all runs are listed in Table II. Data are normalized to the same number of inci-
dent protons for each channel.

keV state is relatively flat. The &' assignment is
a possibility, but such a level would probably de-
cay to the —,

"0.062-MeV level as well as the &'

ground state, and no 380-keV transition was ob-
served. Therefore, the most probable assignment
for this level is —,''.

The 555-keV level has not been previously re-
ported in radioactive decay but is observed in both
experiments here In the .(P, t) results, the exci-
tation energy of this state was 550+10 keV, while
in the electron spectrum the result was 560+7 keV.
In this case the K/L ratio is 3.0+0.8 which im-
plies an E2 transition (theoretical value 3.8). The
possible assignments for this level are therefore

—,", and —,". The first two (-,", ~') are
doubtful for the same reasons as in the case of the
440-keV level. A &' assignment is doubtful be-
cause there would be strong competition for such
a level to decay to the ground state via an Ml
transition as welI. as by an E2 transition. There-
fore, the most probable assignment for the 555-
keV level is —,".

Excitation
energy
(MeV)

Maximum
intensity

(arbitrary)

6 of
QlaxlIXlum

intensity

0.0
0.064
0.240
0.260
0.440
0.550
0.700
0.830
0.960
1.07
1.11
1.17
1.29
1.35
1.51
1.60

20 600
202
138
374
34

522
79

259
157
218
121

23
1790
4804

43
75

15
22
15
22
36

8
22
22
22
15
15
30

8
15
15
15

TABLE I. States excited in Au (p, t) Au reactions
at Ep = 17 MeV.
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FIG. 4. Angular distributions of tritons from transi-
tions leading to final states of excitation energy indica-
ted (in MeV) by the attached numbers. These angular
distributions are chacteristic of L =0 transfer.

FIG. 3. Angular distributions of tritons from transi-
tions leading to final states of excitation energy indicated

(in Me+ by the attached numbers.

In the radioactivity work, there mas a. tentative
identification of a level at 525 keV. This level is
not seen ln the (P, f) results (upper limit is

~~

that of the weakest state observed), but in the in-
ternal conversion results a weak 525-keV transi-
tion is seen (the I line is too weak to be seen)
along with the I. line of a 207-keV transition (the
energy difference between a 525-keV level and the
320-keV —",' level). The absence of a peak in the

(P, f} spectrum makes the assignment uncertain.

In the high-energy portion of the electron spec-
trum two peaks appear at 1242 and 1280 keV. The
1242-keV transition has been observed in radio-
active decay. The 1280-keV transition could pos-
sibly be the direct decay of the known 1280-keV
level to the ground state.

Figure 5 is a diagram of the excited states of
Au"-' showing the newly reported levels discussed
in this paper. In addition to the transitions men-
tioned above, two previously reported transitions
mere observed in the internal conversion work.
They are the 260-keV level decaying to the ground
state and the 320-keV 2' level decaying via an
isomeric transition (31 sec) to the ground state.
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TABLE II. Conversion electron lines from Pt (p, 2n)Au reactions at E&=16 MeV.

Electron
enex'gy

(keV)

Electron
intensity

(arbitrary)

Tl"ansltloD
X/L,
x'atlo

320
15
16
90
18
12
8.4
6.3

30
4.8
2.6

12
4 0
0.18
0.24

2' —2'(g. s.)
0.525- 0,3197

'2' —2'(g s )

2' —2"(g.s.)

0.525 g.s. 'P

P+ 8+@ )

1.558- 0.319'?
1.279 g.s.

( 7/2+)

( 5/2+)

I/ 2+
S/2+

I

I

I

ll II

I.60
I.558
l, 5I
I.350
I.280
I. I I

I.07
0.960
0.850
0.700
G. 560
0.525
0.440
0.520
0.260
G. 240

0,064

FIG. 5. Transitions and energy levels in Au~~5 observed
in the present work.
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