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I. Introduction

The study of nuclear level densities has been an

important facet of nuclear physics since early work was

performed in this area by Bethe [I]. Many theoretical

descriptions of level densities have been proposed; two

of the best and most recent are those developed by

Ignatyuk et al. [2] and by Kataria e_ al. [3]. These

models are largely phenomenologlcal in nature; thus,

their accuracy is improved when more data are added to

the base from which their parameters are determined. It

is the object of this research to add to this data base,

particularly in the area of parity dependence which is

largely an unstudied problem.

Work with neutron resonances has long been used to

provide important information about level densities.

However, the use of neutron resonance data presents some

difficulties in analyzing the effects of the total

angular momentum J and the parity _ on nuclear level

den3ities, since experimental study of neutron

resonances is generally limited to only one or two

values of J". Effects due to J and _ ca_ more readily

be studied through the examination of proton resonance

data. Until the late sixties, proton data of acceptable

quality for study in this manner were unavailable, At

that time, the development of the High Resolution

Laboratory (HRL) at the Triangle Universities Nuclear

Laboratories made possible the collection of proton

resonance data of improved resolution (300-400 eV for

incident proton beams of 1-4 MEV). A great deal of high

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED



resolution proton resonance data have been taken at IlRL;

recently these data were analyzed by Vonach et al. [4]
who showed that this proton data satisfied current level

density models as well as did neutron data. In this

research, we have studied 48Ti(p,p,) and 4STi(p,pl _) in
an effort to determine the dependence of level densities

on parity In the compound nucleus *gV. This nuclide was

chosen because of the high level density of the 49V

system (leadlng to good statistical accuracy) and

because the target Is zero spin (making the assignment
of J easier).

II. Background

In elastic scattering, the expression for the
differential cross section is of the form

d_ffo.(pure Coulomb scattering term)dQ
+(resonance sca tterlng term) (I)

+(interference term)

(A derivation of the actual equation is given in [5].)
The interference term is an indication of the

interference between the two types of scattering. This

interference produces characteristic shapes for given

values of J and _, allowing the determination of a

resonance' s orbital angular momentum (_) through

inspection of the cross-sectlon by angles. Figure 1

shows these characteristic resonance shapes at various

scattering angles for several values of J and _. Note

the strong similarity In shapes for J_ - 1/2- and 3/2-

and for 3= - 3/2 + and 5/2 +.

The total angular momentum J for a resonance is given by

J - s + e, where s - A + I (the boldfacing denotes

vectors). The spin of our target nucleus (A) is zero,

and the spin of our incident particle (I) is 1/2. For

an s-wave (_-0), this gives only one possibility, J_ -

1/2 +. Isolated s-waves are relatively easily

distinguished in elastic scattering by inspection of the

shapes of the cross-sectlon at different angles. For a

p-wave (t-I), the possible values of JT" are 1/2- and

3/2-. The elastic scattering cross-sectlon identifies

t-i resonances by their shape but often cannot



unambiguously determine J. To further complicate

matters, weak resonances are often partially overpowered

by stronger neighboring resonances, distorting their

shapes. Thus resonances must be label.led carefully, and

there is always the danger of assigning levels incorrect

J values• This is the source of much error in previous

experiments of this type, and resolving the ambiguity is

the major concern in ours.

Li [5] recently located over 700 resonances in

48Ti(p,p0 ) for this system for excitation energies of

9.8 to 10.5 MeV, and has identified _, _, and

tentatively J for these. We have concerned ourselves

with the g=O (s-wave) and e-i (p-wave) resonances only.

Even _ is associated with positive parity, while odd e

is associated with negative parity, so an investigation

of these two types of resonances gives us some insight

into parity effects. Li's purpose was to locate the

resonances in this energy range, but our aim was to

obtain data specifically relevant to resolving the

ambiguity in J for _-i resonances•

III. Data Acquisition and Analysis

Angular distributions were measured for 4STi(p,pl) and

48Ti(p,p,_) for each _-I resonance identified by Li in

the energy range Ep - 3.0802 - 3.3080 MeV. For isolated

resonances, the angular distributions for the two types

of _-i resonances for both 48Ti(p,p,) and 48Ti(p,p17) are

given by

W(8) -a o [I + a2P 2 (8) ] (2)

where P2 is a Legendre polynomial and a o and a 2 are

constants. For an isolated Pl/2 resonance a 2 is zero in

both reactions, but for a P3/2 a2 is non-zero for at

least one of the reactions. Thus by determining ab for

the two reactions for each resonance, we can assign

J-I/2 or J=3/2 for each _-I resonance which is not too
close to other resonances.

IV. Results

Li found a total of sixty-elght 8-I resonances and



twenty-three I/2 + resonances in the range Ep- 3.0802 -
3. 3080 MeV. We have thus far determined J for twenty of

the sixty-elght _-I resonances through analysis of the

angular distributions; samples of these distributions

are shown in Figs. 2 and 3. The remainder were either

too weak to observe in inelastic scattering or were
obscured by interference with another level. Li found

eight of these twenty resonances to be 1/2- and twelve
to be 3/2"; our results indicated the same number of

each, but with six resonances changed to the other J.

Since we found two-flfths of the _-i resonances for

which we could assign J to be i/2-, we can estimate that

two-flfths of slxty-elght, or about twenty-seven, of all

the _-I resonances in this energy range are 1/2-. The
ratio of 1/2 + to 1/2- resonances is therefore 23:27, or

about I:I. Therefore, our preliminary conclusion is

that the level densities of 1/2 + and 1/2- levels fs the

same in 49V. Before drawing final conclusions, however,
we must measure angular distributions for the remainder

of the _-I resonances and perform a more detailed

statistical analysis.
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FIG. I. Resonance shapes for several values of J and x

at varLous scatterLng angles. Flgure Is due to [5].
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FIG. 2. Angular dlstrlbutlons (Isotroplc) of

48Tl(p,pzv) (left) and 48Tl(p,pz) (right) reactions for

the 1/2- resonance at Ep - 3.1496 MeV.
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FIG. 3. Angular dlstrlbut!ons (anlsotroplc) of

48Tl(p,plv) (left) and 48Tl(p,pl) (right) reactions for

the 3/2- resonance at Ep - 3.1774 MeV.
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