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LEVEL STUDIES OF 73As VIA 73Ge(p, ny)"3As
REACTION AND DENSITY OF DISCRETE LEVELS IN 73As

Aziz N. BEHKAMI', Rohallah RAZAVI?, and Tayeb KAKAVAND?
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The excited states of 73As have been investigated via the 73Ge(p, ny)73As reaction with
the proton beam energies from 2.5-4.3 MeV. The parameters of the nuclear level den-
sity formula have been determined from the extensive and complete level scheme for
73As. The Bethe formula for the back-shifted Fermi gas model and the constant tem-
perature model are compared with the experimental level densities.

Key words: level schemes of As, "Ge(p, ny)”As reaction, angular distribution,

Fermi gas model

INTRODUCTION

The structure of 73As nucleus has been investi-
gated via single proton transfer reactions [ 1-3] and the
(p, t) reaction [4]. However, these studies are some-
what inconsistent with each other. On the other hand,
in all statistical theories the nuclear level density is the
most characteristic quantity and plays an essential role
in the study of the nuclear structure.

In this work we have investigated the excited
states of 7>As and then determined nuclear level den-
sity parameters of the Bethe formula and constant tem-
perature model for the 7>As nucleus.

EXPERIMENTAL PROCEDURE

A thick self-supporting pellet of spectroscopi-
cally pure natural Ge was used as a target. The proton
beam of 2.5 MeV to 4.3 MeV energies was used for
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bombardment to excite the levels of 7*As through the
3Ge (p, ny)"3As reaction (Q value = —1.12 MeV). The
target was placed at an angle of 45 degrees with respect
to the beam direction and was thick enough to stop inci-
dent protons. The angular distributions were measured
at 0°, 30°, 45°, 55°, 75°, and 90°. The y-rays were de-
tected with a 70 cm® coaxial HPGe detector with a reso-
lution of 1.9 keV for the 1332 keV line of ®°Co. The ex-
citation functions of various y-rays have been measured
at 55° in the range of 2.5 MeV to 4.3 MeV beam ener-
gies to ascertain that the channel of the compound decay
is dominant as compared to the Coulomb excitation at
the incident proton energy of4.3 MeV. The other details
of the experimental procedure are given in our previous
publications [5, 6].

DATA ANALYSIS

The gamma-ray spectra were analyzed using the
computer code PEAKFIT [7]. A typical y-ray spec-
trum at 90 degrees for an incident proton energy of
4.3 MeV is given in our previous publication [8]. The
excitation functions of all the observed y-rays were ana-
lyzed carefully as a function of energy and those from
(p, ny) reaction were easily identified with a characteris-
tic rise above their threshold energy. The relative
branching ratios used for further analysis are the
weighted average of the respective values at 4.0 MeV
and 4.3 MeV bombarding energies.

The extraction of multipole mixing ratios of the
observed transitions and the assignment of spin values
to the excited levels were made from the y>-fitting of
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angular distribution data at 4.3 MeV proton beam en-
ergy. The optical model parameter sets given by C. M.
Perey and F. G. Perey [9], which are based on the re-
sults of F. G. Perey [10] for protons and Wilmore and
Hodgson [11] for neutrons, were used to calculate the
transmission coefficients. Beside the observed neu-
tron channel, all known (p, p'y) channels and (p, ny)
channels were included as competing channels. The
Moldauer was also taken into account width the fluc-
tuation correction [3]. The typical experimental angu-
lar distributions of some of the observed transitions to-
gether with theoretical curves for different possible
spins of the levels and the respective y>-fitting are
given in our previous publication [8]. The 0.1% confi-
dence limit was used to exclude unacceptable spins
and 6 values. The coefficients A, and A, from the
polynomial fits to the experimental distribution along
with the multipole mixing ratios (§) are given in tab. 1.

STATISTICAL FORMULA

The nuclear temperature 7 can be defined by the
nuclear level density p(E) [12]

1 d
?—ELHP(E) (1)

The integration yields the constant temperature
Fermi gas formula [13]

p(E)=;exp[E ‘TEOJ 2)

The nuclear temperature 7 and the ground state
back shift £, can be determined using the experimental
data on the level density. The Bethe formula of the
level density [14] for the back-shifted Fermi gas model

[15, 16] can be written
_ epJE-E)
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p(E) (3)

In this case, the level density parameter a and the
ground state back shift £, are obtained by a fit to the
experimental results. The distribution of spins J is de-
termined [13, 14] by the spin cut-off parameter 6>
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With this spin distribution, the spin-dependent
level density is

P(E, J)=p(E)f(J) (5)

where o” is related to an effective moment of inertia I
and to the nuclear temperature 7'[12, 15]
14T
o 2 _ Zeff (6)
hz
The nuclear moment of inertia for a rigid body is
Liigia =(2/5)MR *(where M = 4, the amu nuclear
mass; R=1.254'3, the nuclear radius) resulting in [ 15]

o? =001504""°T (7)

Gilbert and Cameron [13] calculated the spin
cut-off parameter for the Bethe formula with the re-
duced moment of inertia

o’ =008884%° Ja(E-E,) (8)

FIT OF THE LEVEL
DENSITY FORMULA

Each of the two level density formula has two
free parameters. It may be obtained by fitting the mea-
sured level schemes experimentally. We have applied
these formulas to the measured level scheme for 7*As
reported in tab. 1. Our best fit values obtained using
the Bethe formula are the level density parameter a =
= 5.26 MeV ! and the back shift £,=-2.839 MeV. The
results obtained using the constant temperature for-
mula are 7= 1.617 MeV and the back shift E, =
=-4.791 MeV.

The accumulated levels N (E) as a function of en-
ergy are plotted in figs. 1 and 2. The examination of
these figures shows that the agreement between the the-
ory and experiment is very good and both formulas fit
the measured level scheme equally well.
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Figure 1. Plot of the number of levels NV (E) up to the en-
ergy E for As together with the fitted curve calculated
by the Bethe formula
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Table 1. The results of the angular distribution measurements in *As

- Gamma rays JT s T Multipole mixing
Transitions [keV] i T ratios, & A, Ay
57 5* +0.8 *
674.0—509.8 164.2 5 - 5 139706 —-0.34(5) —-0.001 (5)
57 37
769.6—0 769.6 Y - > 0.74£1.6 0.065(23) 0.009(24)
57 3 +0.1
850.4—0 850.4 5 — 5 0275 —-0.003(16) —0.000(16)
77 37
860.5—0 860.5 5 - > —140.3 0.004(37) 0.004(42)
77 37 0.5+0.1
993.7—0 993.7 - o= +0.6 or —0.033(35) 0.003(36)
2 T2 03%07
137 9* +0.02
1037.0—>427.8 609.1 5 - 5 10.6Z( 03 0.096(6) 0.001(6)
57 1~
1086.7—84.2 1002.4 5 - > 1.540.01 —0.035(58) -0.007(58)
7" 57 +0.2
1177.8—67.0 1110.9 5 — 5 0571 0.002(16) —-0.003(16)
77 57
1221.3—67.0 1154.1 5 - > -0.340.1 0.027(30) 0.006(30)
7t 57 1012
1274.9—509.8 765.1 5 — 5 -187506 —0.013(53) —0.008(54)
7" 57 +0.5
1344.1-67.0 1277.2 5 — 5 13702 —-0.032(50) 0.001(51)
57 s5¢ ~1.840.1 or
1489.3—509.8 979.3 3 73 001 0.018(72) 0.011(73)
7 7"
1557.1-860.5 696.5 5 - 5 0.5+0.1 —0.023(50) 0.003(50)
7 57 +1.0
1612.2—67.0 1545.3 5 — 5 -1375¢ —0.045(60) 0.001(60)
57 7
- > 0 05+0.02
2 2 -Y2-0.08
1975.2—1274.9 700.5 _ + 0.014(75) 0.000(77)
7 N 7 -0.97 + 0.05
2 2
" The numbers in the brackets in the last two columns indicate the uncertainties in the deduced values of the coefficients.
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. Figure 3. The spin distribution of low-lying states. The
Figure 2. P}?t of the number of levels NV (E) up to the en- histogram is the experimental data (data from tab. 1).
ergy E for ~As, together with the fitted curve calculated The curve is the description by the statistical distribution
by the constant temperature model with o2 = 7.820
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Furthermore, the spin cut-off parameter 62 has
been obtained by fitting the known spin distribution,
N(J) of tab. 1 with the theoretical expression (4) shown
in fig. 3. Our best fit value of this parameter is 2 =
= 7.820. This deduced value is very different from its
corresponding rigid body value of o = 14.67. This
finding is opposite to the claim made by some authors
that the spin cut-off parameter reduces to its rigid body

value at lower energies.

CONCLUSION

The purpose of the present study was to provide
additional experimental information on the existing
level structure of 3As through (p, ny) reaction.We
have measured the y-ray energies, branching ratios
and multipole mixing ratios of various transitions in
B3As.

The complete and extensive nuclear level
scheme of 73As provides a sufficient basis for statisti-
cal interpretations of low energy nuclear level
schemes using various tests of statistical theories. The
level density near the ground state is well reproduced
by the Bethe formula as well as by the constant temper-
ature formula if two parameters are fitted.

Then, the spin cut-off parameter of 3As has been
determined from the analysis of the experimental data
on spins of low-lying states given in tab. 1. It is not
confirmed with its corresponding rigid body value.
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Asn3 H. BEXKAMM, Poxanax PA3ABU, Tajed KAKABAH]I

MPOYYABAIE MOBYBEHUX CTAWHA UM I'YCTUHE TUCKPETHUX
HUBOA APCEHA ITOCPEJICTBOM PEAKIIMJE 73Ge (p, ny) 73As

CronosuMa npoToHa enepruje off 2.5 MeV j0 4.3 MeV ucnurusana cy nodybena crama >As
nocpeacTBoM peakiuje *Ge (p, ny) >As. Ha ocHOBy cBeoGyxBaTHe HieMe HHBoa 73Ac, ofpebennu cy
nmapameTpu (popMyJie 3a TyCTHHY HyKJIeapHHIX HIBoa. bereoBa (popMmya 3a ryctiuae HIBOA 1o PepMujeBoM
1 TOBAHOM TacCHOM MOJely W (hopMylia 10 MOJeNy KOHCTAaHTHE TeMIepaType, ynopebeHu cy ca

C€KCIIEPUMEHTAJIHO I[O6I/Ij€HI/IM rycTuHaMa HUBOA.

Kwyune peuu: weme nusoa > As, peaxyuja >Ge (p, ny) 73As, yzaona paciiooena, ®epmujes zacuu

mooen



