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A b s t r a c t : 
The level density of low-spin states (0 - 10ft) in 1 6 2 Dy has been determined 
from the ground state up to approximately 6 MeV of excitation energy. Lev
els in the excitation region up to 8 MeV were populated by means of the 
1 6 3 Dy( 3 He,a ) reaction, and the first-generation 7-rays in the decay of these 
states have been isolated. The energy distribution of the first-generation 7-
rays provides a new source of information about the nuclear level density over 
a wide energy region. A broad peak is observed in the first-generation spec
tra, and we suggest an interpretation in terms of enhanced Ml transitions 
between different high-j Nilsson orbitals. 



1 Introduction 
An accurate determination of the nuclear level density is expected [1] to re
veal essential information about the nuclear shell structure, pair correlations 
and other possible correlation phenomena in the nucleonic motion. So far, 
the bulk of knowledge on nuclear level densities has been obtained from a 
variety of different methods, from the counting of resonances [2] or 7-rays 
following neutron capture [3], to the energy distribution of inelastically scat
tered charged particles [4] or neutrons [5]. 

In the present paper we investigate the possibility for determination of 
the level density over a wide excitation region from the energy distribution 
of 7-rays originating from highly excited states. This information could be a 
valuable supplement to the results obtained with other techniques. 

2 The theoretical foundation 
Photons emitted from an ensemble of highly excited states with energy Ex 

will describe an energy distribution determined by spin, parity, multipolar-
ity, accessible levels and eventual structural factors. If the states are located 
sufficiently far above the yrast line, the number of accessible levels becomes 
very large, and the statistical properties will be dominant. Then the statisti
cal features will essentially determine the energy distribution of the photons 
!1J: 

N^E„Ey)*p{U)-El-<r(Ey,U), (1) 

where U = Ex — Ey. The level density at ex« itation energy U and in the acces
sible spin interval is denoted p{U), while the cross section a{E^, U) gives the 
probability ior the formation of a state Ex when a nucleus of excitation en
ergy V is irradiated with a 7-ray of energy .ET. In addition to the dependence 
on energies, both the level density and the cross section <r{E-,, U) depend on 
additional properties like spin, parity and other structural features. These 
additional factors may be related to the process used for preparation of the 
levels Ex, or to correlations in the decay channels. The function <r(E^yV) is 
also dependent on the multipolarity of the 7-radiation. Provided that these 
quantities can be determined, equation {1) may be used for extra<-tr " of the 
nuclear level density p(U). 

The process of formation may be critical for the validity of the method 
above. If the levels populated at energy Ex show strong correlations to lower-
lying states in the daughter nucleus, the photon emission may be affected by 
this correlation (door-way states). In the present study the ( 3He,a) reaction 
is applied. In the actual energy region this reaction may be considered as a 
direct pick-up of a neutron. Hence the population lakes place through the 
one-neutron components of the wave function of the target nucleus. These 
configurations are not good quantum states at excitation energy Er. The 
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building up of a complete eigenstate is assumed to be a very fast process 
compared to the time necessary for the organization of photon emission. 
It is therefore likely that a full therm ali zat ion is obtained long before the 
emission of the photon. The energy distribution of the primary photons given 
by equation (1) requires that a full thermalization takes place. Violations of 
this condition will presumably be exhibited in the energy spectra. 

It might be instructive to compare this method with the extraction of 
nuclear level densities from the analysis of the energy distribution of inelasti-
cally scattered neutrons. This is presently the primary source of information 
about level densities over wide energy regions [5], 

The relation between the level density p(U) and the neutron yield Nn(En) 
is given by the formula [1]: 

Nn{En) * p(U) • En • ac{En>U)t (2) 

where &c(En, U) is the cross section for formation of the compound nucleus 
when the final nucleus at excitation energy U is bombarded by neutrons of 
energy En. 

The underlying assumption also for the relation (2) is that the scattering 
process can be described as a two-stage reaction. The conditions and limi
tations for this assumption are thoroughly discussed by Bohr and Mottelson 
|1]. Since the neutron evaporation is a much faster process than the photon 
emission, the assumption of full thermalization seems to be a more critical 
demand in the case of neutron evaporation. 

Also in the case of inelastic neutron scattering, quantities like spin and 
parity influence the result. The neutron energies involved allow transfer of 
various spins both in the entrance and the exit channel, and this introduces 
uncertainties with regard to which spins the final level density act .oiiy rep
resents. 

Consequently there are similarities between i he two methods, also with 
regard to limitations. The main difference relates to the very different decay 
times involved in neutron- and 7-decay. Due to this difference we believe 
that the full thermalization demand is better fulfilled in the case of 7-decay. 

The stronger dependence on the energy of the radiation for 7-emission 
compared to neutron emisrion indicates that the 7-probe will cover a wider 
excitation region with reasonable yield than the scattered neutrons. 

3 The experiments 
The experimental challenge is to isolate and determine the energy distribu
tion N^{EX, £-,) of the photons originating from the levels Ea. The popula
tion of each level will result in a cascade of 7-rays, of which only the first one 
is of interest in this connection. The separation between the primary or the 
first generation 7-ray and the rest of the cascade can be achieved by means 
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of a subtraction technique [6], in combination with nuclear reactions where 
the exit channel contains two charged particles only. This technique will be 
described in section 4. 

The experiments were carried out at the Cyclotron Laboratory at the 
University of Oslo. The reaction employed was the i a 3 Dy( 3 He,a ) 1 6 2 Dy pick
up with a projectile energy of 45 MeV. The reaction products were recorded 
by means of the multidetector set-up CACTUS described elsewhere [7, 8]. 
It consists of 8 Si particle telescopes, all placed in a forward angle of 45° 
relative to the beam axis, surrounded by 28 Nal 7-ray detectors with a total 
detection efficiency of approximately 15%. 

The a-particles recorded in forward angles reveal the signatures of a direct 
neutron pick-up under the present conditions [9, 10]. The excitation energy of 
the 1 6 2 D y nucleus is determined from the a-particle energy, which is measured 
with an accuracy of approximately 300 keV (FWHM). By proper gate setting 
in the a-particle spectrum, coincident 7-rays are recorded with the Nal-
detectors, with approximately 6% en^.-gy resolution at E^ = 1 MeV. 

These 7-spectra represent the cascades of photons emitted from the exci
tation region defined by the a-particle gate. In order to determine the true 
energy distribution, the 7-ray spectra are corrected for the response of the 
Nal detectors by means of an unfolding procedure. The response functions 
have been carefully recorded with a number of radioactive source spectra 
and selected reactions. This technique is described elsewhere [11, 12, 13). 
The reliability of the first-generation spectra is essential for the method, and 
attention is paid to the sensitivity to uncertainties or errors in the applied 
response functions. This will be discussed in section 5. 

4 First-generation 7-ray spectra 
The method for extraction of the primary or first-generation 7-rays from the 
Nal spectra was first presented in ref. [6], where also necessary details are 
described. As illustrated in figure 1, 7-ray spectra from different excitation 
energy regions are obtained by putting different gates in the a-particle spec
trum. Each excitation region i is associated with a 7-ray spectrum /,. The 
first-generation 7-ray spectrum A, from a given excitation energy (interval i) 
is obtained by the subtraction: 

ft. - / , - 9„ (.I) 

where g, is a weighted sum of all spectra from the excitation intervals {j} 
with EJ

X ^ El: 

The parameters n' correct for the different cross sections in the different 
excitation regions, and are determined by normalization of the direct (3Hc,r>) 
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particle yield of each interval j to the reference yield of interval z. 
The coefficients u>J represent the probability of decay from interval i to 

interval j . In fact, the to] values correspond to the first-generation 7-ray spec
trum hi. This close relation allows a determination of wxj (and A,-) through 
a fast converging iteration procedure. The first-generation method rests on 
a number of assumptions which have been carefully investigated. The basic 
assumption is that the transitions originating from interval i feed levels with 
the same decay properties as those populated in the ( 3He,a) reaction at the 
same excitation energy. This is presumably fulfilled if 

a) full thermalization is achieved before 7-decay, 

b) the ( 3 He,a) reaction populates approximately the same spins in each 
excitation interval, 

c) there are about equal portions of positive and negative parity states 
populated in each interval. 

Full thermalization also implies that all eigenstates at the same Ex with the 
same spin and parity have approximately the same quanta! structure due to 
configuration mixing. The assumption a) is underlying the whole study, and 
will not be further investigated. The assumptions b) and c) will be discussed 
below. 

Figure 2 shows the two-dimensional first-generation 7-ray spectrum ob
tained in the present reaction. One dimension is the excitation energy de
duced from the energy of the a-particles determined with the Si-telescopes. 
The other dimension is the true 7-ray energy of the first-generation transi
tions determined on the basis of unfolded 7-ray spectra. 

The spectrum reveals a clear difference between the regions below and 
above approximately 2.5 MeV of excitation energy. At low energy there 
is a predominant peak structure, while the spectrum becomes smooth at 
higher excitation energy. It should be emphasized that the fust-generation 
method may not be reliable for the lowest excitation energies due to the 
sparse configuration mixing. From approximately 3.5 MeV these limitations 
are unimportant. 

5 The applicability of the first-generation 
method 

The underlying assumption behind the first-generation T-ray method is that 
the 7-decay from a certain energy region is independent of the history of 
formation. This means that levels within the energy region populated hy 
7 decay of higher-lying levels give rise to exactly the same photon emission 
pattern as the levels within the same energy region populated in the ('Hr.it) 
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reaction. As pointed out in section 4 we assume this to be fulfilled if the spin 
and parity distributions are the same. 

5.1 The spin population in the ( 3 He,a) reaction 
A large number of investigations have shown that the ( 3He,a) reaction favours 
large /-transfers, where I is the orbital angular momentum of neutrons in the 
target nucleus. A recent study of the l 6 3 Dy( 3 He,a ) 1 6 2 Dy reaction [14] with 
a projectile energy of 50 MeV confirmed that below 2,5 MeV excitation the 
cross section is dominated by i = 4, 5 and 6. Due to the similarities between 
the angular distributions for different i-transfers, it is not possible to conclude 
from this investigation about the spin population in the continuum at higher 
excitation energies. DWBA calculations support however large /-transfers 
to dominate at least up to 8 - 10 MeV of excitation. Also the damping of 
single particle strengths [15, 16, 17] gives evidence to the assumption that 
the ^-transfer changes only gradually with excitation energy above 3 MeV. 

An alternative way to obtain information about the spin distribution is 
to study the intensity of the ground band transitions in 1 6 2 Dy as a function 
of excitation energy. The method is described in refs. [9, 10, 18|, and is 
based on the assumption that the side-feeding of the ground band is caused 
by dipole transitions in a statistical cascade. For each step in the cascade 
the spin distribution becomes wider, but the average spin is approximately 
preserved. With an average statistical multiplicity of the order of 3 or less, 
the side-feeding of the ground band is supposed to reflect the initial spin 
population to a very large extent. This subject has been investigated in 
depth in ref. [I0J. 

The side-feeding of the ground band levels in 1 6 2 Dy in the present reaction 
is given in Table 1, while figure 3 shows the feeding of the different ground 
band levels as a function of excitation energy. There is no significant energy 
dependence in the side-feeding patterns, which justify the conclusion that 
the spin population is approximately constant over the actual energy region. 
The populated spins cover the range up to 10/i. This is in good agreement 
with the spins which can be obtained in the coupling of the transferred j — 
7/2 - 13/2 of available neutron orbit als in the target corresponding to / - 4, 
5 and 6, and the target spin 5/2" of , f l 3Dy. Hence, one may conclude that 
the first-generation -y-ray method has a sound basis with regard to the spin 
population. 

The width of the side-feeding pattern supports the assumption that dipole 
transitions dominate the statistical cascade. Further evidence is found in 
the literature [19]. Due to the moderate spins populated in the present 
rraction, eventual collective E2 transitions will have energies below 0.5 MeV, 
and be well separated from the bulk of i-ray intensity in the first generation 
spectrum. The spectra give no evidence for a strong and competing K2 decay 
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5.2 The ratio between positive and negative parity 
states 

As pointed out in section 4, the validity of the method is related to the 
portions of positive and negative parity states populated in the decay process. 
The dominance of El transitions combined with an over-representation of 
one of the parities in the population with the ( 3He,a) reaction, result in 
successive parity changes throughout the 7-cascade, As a consequence the 
transitions subtracted from the 7-ray spectra in the first-generation 7-ray 
method originate from states with opposite parity of those populated after 
emission of the primary 7-rays. Although there are no reasons to believe that 
the energy distribution and intensities of the statistical radiation is strongly 
dependent on the parity, it still in principle represents a violation of the basis 
for the first-generation method. 

The problem is avoided if the population of both parities is approximately 
equal. This is indeed the case for the low energy region. The total cross sec
tion for positive and negative parity states is 56% and 44%, respectively, for 
the excitation region up to approximately 2.5 MeV [14). From the available 
single neutron states one may expect this situation to persist in the whole 
energy interval under consideration. As shown in refs. [15, 16, 17] the damp
ing width, which is much larger than the average separation of single particle 
states, provides an effective smearing of the single particle strengths. Hence 
we can assume that there are no significant differences in the population of 
positive and negative parity states in any part of the excitation region up 
to 8 MeV. In addition, even small portions of Ml radiation will help to re
duce this possible problem. It is not possible to distinguish experimentally 
between electric or magnetic dipole transitions in the present experiment. 
The general expectation is a dominance of El-transitions due to the single 
particle half-bfe. From studies of the 7-decay following neutron capture, for 
instance [20, 21}, it is known that the ratio between Ml and El intensities is 
typically 0.2 - 0.3 for 7-ray energies of the order of 5 - 7 MeV. 

Hence it is fair to assume that there is at least 80% overlap in parity be
tween the direct population by the ( 3He,a) reaction and the indirect popula
tion by the ( 3 He,a) reaction followed by the emission of the first 7-transition. 

5.3 Experimental limitations 
The unfolding procedure applied in order to obtain the true 7-ray energy 
distribution is a critical step in the analysis. The quality of the final results 
depends on the response function, which contains the probability terms for 
the different ways of interaction between a. photon and the spectrometer. 
The response function has been constructed on the basis of a large number 
of source spectra, covering the photon energy region from 0.1 to 15.1 MeV. 
The procedure is described elsewhere i l l , 12, 13[ 
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Due to the complex analysis it is difficult to evaluate the direct con
nection between the uncertainty of the response function and the resulting 
uncertainty in the first-generation spectrum. This relation may be revealed 
in a sensitivity test, which is shown in figure 4. The solid curve is the first-
generation spectrum obtained with the response function representing the 
best fit to the various source spectra. 

The dotted spectrum in figure 4 a) is obtained by reducing the total effi
ciency for high energy photons, but without changing the photo to Compton 
or photo to pair-production ratios. The total efficiency was reduced with 
approximately 15% for photons in range from 2 to 3 MeV, and with 23% for 
higher photon energies. The dotted spectrum in figure 4 b) is obtdned by 
reducing only the photo efficiency with 20% for all photon energies. 

It is evident that even these substantial variations in the response function 
give limited effects on the first-generation spectrum. This observation gives 
confidence to the reliability of the first-generation 7-ray spectra. 

6 Analysis 
6.1 Evaluation o f a(E^U) 

According to equation (1) the shape of the first-generation spectrum depends 
on the level density p{U) and the cross section <r(Ey, U). 

First, let us assume that the level density can be described by the Fermi 
gas expression [l]: 

p(U) x (U - Ec„ry7 • exp (2(a(U - Emr))'n) , (5) 

where Eeor* = E& + Erot. The quantity E& is the pairing energy and ETOt 

the energy of the yrast Une at the actual spin. The level density parameter 
a defines the general slope of the distribution. 

The function E*<r(E^, U) is known to increase with the 7-ray energy E^. 
For single particle transitions it is proportional to £ ' A + 1

f where A is the 
multipolarity of the radiation. In practice this function can be approximated 
by £" , where n is an effective parameter. Hence, the first-generation 7-ray 
spectrum can be approximated by. 

A f , ( E , . £ , ) x £ " . ( ( / - £ „ „ ) - ' • exp ( 2 ( a ( y - E<„,))"7) , (6) 

where V - £ , - Ey. 
Following the method described in ref. [22], the average values of the 

parameters a and n can be determined from a fit of equation (6) to the two-
dimensional first-generation spectrum of figure 1. In the present analysis 
the pairing energy E& was chosen to 1.9 MeV !]], approximately two times 
the gap parameter. The parameter Erot was chosen to 0.3 MrV from the 



intensities of the ground band transitions. The resulting values for I 6 2 D y 
were found to be a = 16.7 (1.5) MeV~* and n = 4.2 (0.4), respectively. The 
a value is in good agreement with level density parameters determined by 
means of other methods for nuclei in this mass region. Fits of the Fermi gas 
formula with an exponential extrapolation in the low-energy region yield a 
= 16.44 MeV" 1 for 1 6 2 D y (23] and a = 17.47 MeV" 1 for 1 6 1 Dy [24]. 

For pure single-particle dipole transitions n equals 2\ -+- 1 = 3, while 
quadrupole transitions give n = 5. The deduced value for n might still be 
consistent with pure dipole transitions by an interpretation of the increase in 
the exponent n due to the presence of the electric Giant Dipole Resonance 
(GDR). The absorption cross section a(EltU) introduced in equation (1) 
is approximately given by the Lorentzian distribution describing the giant 
dipole resonance [25]: 

E2 • T{U) 
ff(fi"t,)ot(«;-^MW + fi?pw ( r ) 

where EQDRW) ' S the centroid and T(U) the width of the resonance. These 
parameters are known to vary slowly with V [26, 27j and can be considered 
constant throughout the excitation region studied here. 

The effective energy dependence for El-transitions has been calculated by 
means of equation (7). The electric GDR in 1 6 2 Dy is split into two compo
nents due to the prolate deformation, containing 1/3 and 2/3 of the strength, 
respectively. The centroids and widths used in our calculations were EGDR.I 
= 12.2 MeV, EGDR.2 - 15.2 MeV, and [\ = T 2 = 5.0 MeV. The results are 
not very sensitive to the precise values of these parameters. 

The results are shown in table 2. The exponent « e / / , calculated from 
equation (7) and normalized to n , / / = 4.2 for E-, — 3 MeV, shows a weak 
dependence on 7-ray energy. A similar analysis could be done for the giant 
Ml-resonance, which is also expected to enhance the energy dependence for 
M {-transitions in the low-energy region compared to the £^A+I expression. 
We assume that the intensity ratios of 20 - 30% between Ml and El transi
tions are representative for the statistical cascades under consideration in the 
present work, and that the value of n ~ 4.2 is consistent with the dominance 
of dipole transitions. 

6.2 The Fermi gas approximation of the level density 
Equation (6) gives a theoretical description of the first-generation 7-ray spec
trum within the framework of the Fermi gas model. In figure 5 this model is 
compared with the various first-generation spectra from individual excitation 
regions. 

The dashed curves represent the Fermi gas estimates based on the pa
rameters found in subsection 6.1 The spectra corresponding to the highest 
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excitation regions are fairly well described, while the theoretical curves for 
lower excitation regions are shifted toward lower energy compared to the 
main peak in the experimental spectra. Due to the back-shift of E& = 1.9 
MeV the theory does not include the high energy tails of the spectra, which 
correspond to transitions to levels in the excitation region below 2 MeV. 

The dotted curves in figure 5 represent the solutions of equation (6) when 
E& = 0. These curves give good fits to the exponential tails, but underesti
mate the main peak structure present in the experimental results. 

We have to conclude that a good description of the experimental first-
generation spectra cannot be obtained by means of equation (6), with con
stant values for a and n, The shapes of the various spectra are not consistent 
with this analytical expression. The spectra reveal a broad peak centered at 
2.5 MeV, with an exponential tail on the high energy side. The peak struc
ture located at the same energy independent of the excitation energy Ex, 
indicates an explanation beyond a pure statistical model like the Fermi gas 
model. 

6.3 The 2.5 MeV peak 
The 2.5 MeV peak is investigated more closely in figure 6, where the centroid 
and the standard deviation of the peak have been evaluated by subtraction 
of the dashed curve in figure 5 from the experimental spectra. The centroid 
and the standard deviation are nearly constant in the whole region, and take 
the average values 2.4 (0.1) MeV and 0.5 (0.1) MeV, respectively. 

This peak structure can hardly be a result of the level density, since that 
would require a shift of the peak according to the shift in excitation energy 
of the gate. Hence, the peak is most likely the result of a favoured tran
sition energy which seems to appear with approximately the same strength 
throughout the whole excitation region. 

The explanation for this peak must be speculative. There has been ob
served a peak with about the same energy and width in the neighbouring 
nucleus l 6 1 D y [28] t and it is likely that these findings have a common ori
gin. Due to the population characteristics for the ( 3He,a) reaction, we find 
it most probable to associate this peak with the suggested enhancement of 
Ml '••ansitions between orbit als originating from the same high-j spherical 
state, e.g. Ap/2 and 1*13/2. This mechanism was first proposed by Chen and 
Leander (29, 30]. 

The first-generation spectra open the opportunity for spectroscopic stud
ies of this peak structure. Presently only speculative ideas about the nature 
of the 2.5 MeV peak can be presented, and further experimental investiga
tions are required. However, the single particle strength is widely spread, 
as revealed by the continuum of a-particle spectrum, which explains that 
the peak appears with comparable intensity in the whole region. The 2.5 
MeV peak indicates that the coupling between the Nilsson states of different 
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n-values and the background structure of many-quasiparticle states and vi
brational states, depends weakly on the asymptotic quantum numbers. The 
width of the peak may be a measure for this interaction, while the energy of 
the peak represents the quadrupole splitting of the single particle kUf2 and 
li3/2 states with Afi = 1. 

6.4 Determination of the level density 
As shown in figure 5 there is a rather poor agreement between the first-
generation spectra and the theoretical curve based on the Fermi gas expres
sion given by equation (5). Alternatively the level density can be determined 
directly from equation (1), provided that the dependence on the 7-ray energy 
is properly accounted for by the term E*a(En,U). 

Level densities deduced from the first-generation 7-ray spectra corre
sponding to eight selected excitation intervals are shown in figure 7. All 
the spectra reveal an approximately " ponential slope as expected for the 
level density function, and the agreement between them is in general within 
the limits determined by the statistical fluctuations in the individual first-
generation 7-ray spectra. The Fermi gas estimate based on equation (5) is 
shown as dashed curves. 

The 2.5 MeV peak perturbs the level density spectrum. The markers in 
each spectrum in figure 7 indicate where the effect of this peak is expected 
to occur. Due to the logarithmic scale this effect is modest except for the 
lowest excitation intervals where the peak plays a more dominating rule. 

In order to investigate the structure of the level density curve in more 
detail, the four highest gates have been added together. The result is shown 
in figure 8, together with the best fit obtained within the frr mework of a back-
shifted Fermi gas approximation. Above 3.5 MeV the best fit is obtained for 
a = 17.4 MeV" 1 . One should notice the change in the slope at about 3 MeV, 
which indicates that the Fermi gas estimate gives a good description only 
above this energy. 

The insert in figure 8 shows the difference between the 'xperimenlal level 
density and the Fermi gas estimate, presented in a linear scale and normalized 
to the known number of levels in the region below 1.5 MeV in , 6 2 Dy. Below 
the back-shift energy of 2.2 MeV due to the added effect of pairing and 
rotation, the difference is expected to show the full leve] density. 

However, there is a significant difference between the experimental result 
and the Fermi gas estimate in the region between 2 2 and 3 MeV which 
is more difficult to explain. The expected increase in level density in the 
vicinity of 2A is caused by the formation of two-quasiparticle states, which 
is accounted for by the Fermi gas model. Hence the peak in the difference 
spectrum close to 3 MeV is a surprise. 

An explanation in terms of the fluctuation in spin population has been 
attempted. The exponential shape represents according to equation (6) the 
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average level density for the spins populated in the ( 3 He,a) reaction, as dis
cussed in section 5.1. It is necessary to investigate the implication of using 
an average value for Erot, since it is not obvious that the shape valid for one 
definite spin also represents the energy dependence for the sum of different 
spin functions. This effect is illustrated in figure 9. Different level density 
functions corresponding to spins 2 - 8ft have been calculated by means of 
equation (5). The effect of ETOl is essentially a shift of the energy scale. 
These individual functions have been added together with weighting factors 
determined from the side-feeding of the different yrast levels. It is evident 
that with this assumption the added level density reveals the same energy 
dependence as the individual constituents within an accuracy uf 10 - 15%. 
Consequently it is fair to conclude that the curve shown in figure 8 can be 
compared with the level density function in equation (5). 

In principle there is a possibility to explain the discrepancy between the 
experimental level density and the Fermi gas estimate in terras of the cross 
section <r[E^, U). It is however hard to believe that there is a special affinity 
between any highly excited state in the region close to the neutron binding 
energy, and the states situated in the 2 - 3 MeV region. A more likely 
explanation is in our opinion the appearance of correlations in the low energy 
region. One possible candidate is the pair correlations, which are expected 
to produce a bunching of levels in the vicinity of the energy 2A. 

7 Conclusions 
Our conclusion is that the technique described briefly above, aiming to de
termine level densities on the basis of first-generation 7-ray spectra, is very 
promising. 

The first-generation spectra reveal a strong 2.5 MeV peak which probably 
has a non-statistical origin. An interpretation in terms of enhanced Ml 
transitions between high-_? Nilsson states with Afi = 1 seems natural, but 
the suggestion needs further verification. 

A separation between the effects of non-statistical nature and the gross 
shape of the first-generation spectrum is fully accessible, and the extracted 
level densities for 1 8 2 Dy are found to be in good agreement with the results 
of earlier studies. 

A special feature is the possibility this method offers to study in more 
detail the level density in the region below 3 MeV. This transitional regime 
(I' ~~ 2 - 3 MeV) between discrete and continuous spectroscopy has earlier 
only been sparsely investigated. Our observations of enhanced level density 
may indicate interesting correlation effects in this region. 
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Spin r Side-feeding (in %) 

0+ 5.8 
2+ 25.8 
4+ 29.4 
6+ 26.0 
8+ 10.1 
10+ 2.2 
12+ 1.0 

Table 1: Side-feeding of ground band levels in 1 6 2 Dy from the excitation 
region 1.7 - 7.7 MeV, taken from ief. [10]. 

£ , (MeV) n'll 

1 
2 4.04 
3 4.08 
4 4.12 
5 4.17 
6 4.22 
7 4.29 

Table 2: Tabulation of n e / / , defined by £ " = F* • <r(£ 7, U), as a function of 
Ei

tt 



Figure captions; 

1. The method used to obtain the first-gen erat ion 7-ray spectrum. 

2. The two-dimensional first-generation 7-ray spectrum for 1 6 i Dy. 

3. The probability of feeding the ground band states 4 + , 6 + and 8 + in 
1 6 2 D y as functions of excitation energy. 

4. The sensitivity of the unfolding procedure to small variations in the 
response function (see text). 

5. First-generation 7-spectra from various excitation regions. The width 
of each interval is 0.240 MeV. The two curves correspond to Fermi gas 
estimates with a = 16.7 MeV" 1 and n = 4.2, with backshift 1.9 MeV 
(dashed) and without backshift (dotted curve). 

6. The centroid and standard deviation of the 2.5 MeV peak as functions 
of the initial excitation energy. 

7. Experimental level densities for different initial excitation energies com
pared with Fermi gas level density functions. The markers indicate the 
location of the 2.5 MeV peak. 

8. The level density deduced from the four highest excitation intervals. 
The dashed curve represents the best Fermi gas approximation with 
a = 17.4 M e V - \ £ A = 1.9 MeV and Eroi = 0.3 MeV. The insert 
shows the difference between the experimental and the theoretical level 
densities. 

9. The spin dependence of the Fermi g?b level density. The solid curve 
labelled "Average" is calculated as \ e sum of the single-spin level 
density functions weighted with the experimental side-feeding into the 
corresponding ground band states. 
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Extraction of First-Generation 
Gamma-Ray Spectrum 
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