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The cross section for thermal neutron capture by radioaéfilewas measured to be,=1.1+0.2 b. This
result was shown to be in agreement with a direct capture calculation. Possible implicationsfithey)

reaction in nucleosynthesis are discus$&f556-28138)04610-X]

PACS numbg(s): 27.40:+z, 25.40-h, 26.30+k

[. INTRODUCTION 1409 keV, are both very weak, being emitted in only about
0.1% of the decays. As a result, it is necessary to rely on the
Radioactive*Ti (N=Z=22) is produced near the end of emitted positrons, specifically on the 511-ke¥ray peak
the chain of silicon-burning reactions. The presence of thigroduced by positron annihilation, to signal the presence of
radioisotope in supernova remnants has been confirmedTi. Unfortunately, the original*Sc in equilibrium with

through the observation of the 1157-keV ray from its decay
[1], and the half-life of the decay has been recently remea-
sured to permit a more precise interpretation of thisay g
flux [2]. *Ti can also be produced in meteorites through (2) 0. B
cosmic-ray interactions providing information on solar activ-
ity from the cosmic-ray exposure of such objel@%

The decay of**Ti eventually leads to stablé*Ca, the
abundance of which ought to provide an independent mea-
sure of the production of“Ti in stellar nucleosynthesis. In
fact, recent studies in meteorites point to their origin in su-
pernovas by comparing the abundance of Ca isotopes with -

. : 2+
other isotopes in the same mass regidh However, the &
observed abundances 8fCa are significantly smaller than Ei
the predictions of some stellar modé¢fs. One possible ex- =
planation for this discrepancy is the burnup ¥Ti by neu- 2+
tron capture, since neutron-capture processes are known to
be significant in the latter stages of nucleosynthesis. 0+

This possibility motivated a recent attempt to measure the 440q
thermal neutron-capture cross section“6Ti by Ejnisman
et al. [6]. In that work, they were able to deduce an upper  (b) &
limit to the cross section of 4000 b. Their main difficulties S

(=
(=
=

59 yr

-
]

3.08h

arose from impurities originating from chemical separations.

The availability of commercial radioactive sources*$Ti of

exceptional chemical purity provides an opportunity to im- [

prove on this result. By choosing the irradiation time to near

its optimum for the 3.08-h half-life of°Ti produced by neu-

tron capture, the required neutron flux to increase the sensi-

tivity over the previous experiment by three to four orders of

magnitude can be obtained from a modest research reactor. ., v ¥ &
The decay schemes 4fTi and *°Ti are shown in Fig. 1 45

[7]. The characteristicy rays of the *Ti decay, 720 and Sc

720 (0.15)

5/2-

-

FIG. 1. Partial decay schemes(@j “*Ti and (b) “°Ti. Energies
are given in keV;y transitions are labeled with their decay inten-

*Electronic address: kranek@physics.orst.edu sity. Not to scale.
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approximately 0.5 fnof 1 mol HCI and transported to the
counting system.

Of the impurities known to be present in the sample, only
24Na (resulting from neutron capture by stai##Na) could
be observed at the start of counting. Based on the sample
assay, the 1368-keV peak frofiNa (T,,=15 h) was ex-
pected to be present in the spectrum at an intensity of 4.5%
of the 1157-keV peak fromi*Ti, in good agreement with the
observed intensityf5.0%). We also observed a very weak
/l\ impurity of %Mn, originating from the presence of stable

i Mn in the original sample.
_ ener P energy uedi” Based on the examination of the sample following this
500 1000 1500 2000 2500 3000 trial run, we concluded that no impurities decaying by posi-

Energy (keV) tron emission were present in the sample at the start of the

counting period for the first irradiation. HowevetNa can
produce positrons through pair production by the 2754-keV
v ray emitted in its decay. The pair production and subse-
e ) . . . quent positron annihilation can occur anywhere within the

Ti present in the sample is also a positron emitter, as argqyid sample, its lucite housing, or the Pb shield surrounding
certain radioisotopes created upon neutron capture by impyre sample and detector, so it was not possible to calculate
rities that_are pres_ent in the source material or introduceca,]e contribution 0f?Na to the 511-keV peak. We therefore
Yetermined its effect empirically by observing the 15-h com-
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FIG. 2. Typical spectrum obtained following the second irradia-
tion. In the inset, a closer view of the 511- and 1157-keV peaks.

to “unfold’z’mth'e 511—key peak _bY su'btract.irllg the contripu— ponent in the 511-keV peak.
tions from *“Ti and positron-emitting impurities to extract its

3.08-h LT lish thi biracti ol Once we were satisfied that the impurity question was
-Jo-h component. 1o accomplish this subtraclion We 10l ynderstood, the remaining4Ci of 44Ti were irradiated

lowed the 511-keV peak over time after the irradiation andfor 5hin a flux of 1.2 10" neutrons/crd/s. (The flux was

gsed Fhe time dgpendgnce of the pea_k Intensity to correct feretermined by simultaneously irradiating a 66-mg sample of
|mpqr|t|es. The intensity of the resulting 3.Q8—h componentFe; the intensity of thé%Fe y rays provided a direct mea-
provided a direct measure of the cross section. sure of the flux. One-hour spectra were accumulated for
about 5 days. With a source-to-detector distance of 10 cm,
the counting system dead time was about 25%. These data
were analyzed to determine the cross sectiort“df.

There were two separate neutron irradiations, both per- After a period of about 2 weeks, the /4Ci sample was
formed in the thermal column of the Oregon State Universityirradiated a second timgor 6 h rather than 5 ) This irra-
1-MW TRIGA reactor. Gamma rays from the radioactive diation revealed a greater level of impurities, presumably
decays of the samples were observed using an Ortec HP@eiroduced into the sample through the HCI that was used to
detector of 28.8% relative efficiency and 1.70 keV energydissolve it following the first irradiation. In particulaf®Cl
resolution[full width at half maximum(FWHM)], both mea- could be observed during the first few 1-h spectra following
sured for the 1.33-Me\ ray of ®°Co. The Ge detector was the irradiation through its 2167-key ray, which can pro-
surrounded by a low-activity Pb housing. The source-to-duce positrons by pair production. The intensity of the 2167-
detector distance was 10 cm. For data acquisition we used &V y ray from the decay of®Cl amounted to about 18% of
Ortec ACE system with Maestro software running on a PCthe intensity of the 2754-keV ray from #Na; by estimating
Spectra were accumulated every hour of real time, beginninthe relative probabilities for pair production at these energies
approximately 1.5 h following the end of the neutron irradia-we were able to estimate th&CI contribution to the 511-
tion and continuing for at least 4 days. A typical spectrumkeV peak, which amounted to about 15% of the peak inten-
obtained following the second irradiation can be observed irsity (roughly 1.5 standard deviation® the first 1-h spec-
Fig. 2. trum after the **Ti and ?*Na contributions had been

The *“Ti activity, consisting of 5.QuCiin 0.2 ml of HCI  subtracted. The®®Cl contribution was about 6.5%9.5 stan-
solution, was obtained from Los Alamos National Labora-dard deviationsin the second 1-h spectrum and negligible
tory. Owing to the necessity of using the positron annihila-thereafter.
tion y rays as a signal of the presence*dfi, it was neces- Also present in the sample for the second irradiation was
sary to verify that the irradiated sample contained noa small Br impurity from the HCI, which produced the iso-
impurities that could produce positrons, or else that the quartopes®®Br (17 min), 8™Br (4 h), and 82Br (35 h). 8%Br, the
tity of any such impurity was sufficiently well known that activity of which was measured to be 44 nCi based on the
the total 511-keV peak intensity could be easily and pre<counting rate of the 776-key ray, does not produce posi-
cisely corrected for the effects of the impurities. We there-trons. 8%Br, calculated to have an activity of 32 nCi based
fore made an initial irradiation of about 1/5 of tH¥Ti on the 8Br activity, has a weak positron bran¢2.6%), but
sample (1 «Ci) in a neutron flux of %X 10'? neutrons/cifys  contributes negligibly to the 511-keV peak at the start of
for 1 h. Before the irradiation, the sample was evaporated teounting. 8"Br was expected to have an activity of
dryness; after the irradiation, the sample was redissolved iA.18 nCi at the start of the measurement, which was con-

Il. EXPERIMENTAL DETAILS
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dotted line represents the contribution of a 15-h component
due to ?*Na, whose amplitude was obtained from runs 15—
35. The dashed line shows the expected contributioffof

and 8"Br added to that o?Na. The remaining 511-keV
counts agree quite well with a contribution TTi, as can be
seen from the solid line, which corresponds to a fit with a
fixed 3.08-h half-life.

The cross section for th&Ti(n, y) reaction can then be
extracted from the ratio; of the 511-keV*°Ti y-ray and
the 1157-keV*Ti y-ray intensities. In any particular 1-h
run beginning at timet; (with t;=0 defining the start of
counting r; is given by

_ 13(51)  ayeMie(51D)bys(51D) f 45
"T1(1157 ©  aume(1157b,, (11571,

@

FIG. 3. Time dependence of the ratio of the 511-keV peak to the

1157-keV peak from the second irradiation. The dotted line corre
sponds to a contribution fronf*Na of ~15 h of half-life. The
dashed line includes that plus contributions fréficl and Br.
The solid line adds to that the contribution Gfi.

sistent with the measured counting rate of the 616-kady.
Although the 89Br activity was about 3 times théTi ac-
tivity, its contribution to the 511-keV peak was only about
10% that of the*®Ti, owing to the weak positron branch. We
have corrected our data for this contribution, which has bee
determined from the measured intensity of the 776-keV
ray from 82Br.

Ill. RESULTS AND ANALYSIS

As mentioned above, the characteristiaays from °Ti

wherea, is the activity of isotopeA of decay rate\ 5 at t;
=0 ande(E,) represents the detector efficiency at energy
E, of branching ratido,(E,). The decay factof 5 corrects
for the decrease in the amount of the isotépduring the 1-h
counting intervals {,,=1.000, f,5=0.895).

The thermal neutron capture cross sectigrat a constant
flux ¢ can now be obtained from

n

N 44045(511) €(1157)b (1157, /e_>\45ti>
ag.—

7 p(1—e MsbyeMsldf . h,,(511) e(511)byy(511)
@)

where the angular brackets denote an average over the data-
acquisition runst,, is the neutron bombardment time, atyd
is the delay between the end of bombardment and the start of

were too weak to grant a direct observation of that isotopgunting.

after neutron activation of thé*Ti target. Based on the

From the first irradiation, with(r;/e *+s)=0.056, we

known branching ratios of the 720- and 1409-keV transitiongyptain ¢ =1.25 b, and from the second irradiation, with
and the measured thermal neutron flux, we deduce from the'{rri/e**4g{i)zo.041, we obtains,=0.93 b. The statistical

absence that the neutron cross section must be less than 3

Jﬁcertainty associated with each resulti40—-15%. In-

In order to eliminate possible systematic errors due 1q;,ging the+10% uncertainty in the measured neutron flux,
variations in the live timer of our analog-to-digital converter . optain the final result for the cross section:

(ADC), we normalized the 511-keV peak intensities in each

1-h run using the intensity of the 1157-key/ray from the
decay of *Ti. Owing to its long half-life of 60.41.4 yr
(unweighted average from works of RE2]), the **Ti decay

can be regarded as occurring at a constant rate during th

course of our 5-day experiment.

Because thes-ray peaks in the spectrum are well isolated

from one another, it was not necessary to use peak fitting to

determine the peak areas. Instead, we used a simpler su
ming procedure after subtracting a linear background. Bac

ground corrections were relatively unimportant for the 511-

0,=1.1x0.2b.

Our data also permit a determination of the cross section
of the (n,p) reaction on*Ti, which would lead to 3.9 h
44sc. Becausé“Sc is also produced following the decay of
44Ti, the 1157-keV transition emitted in th&'Sc decay
ould thus show two components: the 59-yr component from
he #Ti —%Sc decay and the 3.9-h component from the

43¢ newly produced through the ) reaction. Using the

and 1157-keV peaks; the ratio of peak area to backgrounPj"CA live timer for normalization, we have examined the

area was greater than 20:1.
The base line 511/1157 ratio was determined from a s

1157-keV intensity to search for the presence of a 3.9-h com-

gbonent in the first 10 h following the irradiation. At most,

ries of runs taken at least 4 days after the irradiation. ThiQnly @ very weak 3.9-h component could be identified, from

ratio was 3.4241) for the first irradiation and 3.460) for

which we conclude

the second irradiation. These values agree with the calculated
value of 3.45 based on the decay parameters and our mea-
sured detector efficiencie@etermined using a source of
152Eu). Subtracting the base line 511/1157 ratio from theThe possible presence of this weak 3.9-h component in the
data, we obtain the results shown in Fig. 3 for the first 35 h1157-keV intensity does not alter our previous conclusions
of counting after the second irradiation. In the figure, thefor the (n,y) cross section.

0,<0.2 b.
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IV. THEORETICAL ANALYSIS AND DISCUSSIONS of mass of the projectile and the target nucleus. The effective
nucleon-nucleon interaction s has been taken in the

In the following section we calculate the neutron-capture o ” .
cross section of the reactioHTi(n,y)*°Ti using the direct- DDM3Y parametrizatior12]. The resulting folding poten
tial has a volume integral per interacting nucleon paj,

capture (DC) model and the statistical Hauser-Feshbac _501.2 MeVin? (\=1), and a rms radius I

model, and we discuss the applicability and accuracy of both:4.22 fm.

models for this reaction. As will be shown, the cross section The potential strenath parameteis adiusted to the scat-
exhibits a pure 1/ behavior near the experimental energy. tering I(—E)ngthb (incomiggsl\aivave at therm{al energipand to
However, the total cross sectigne., sum of direct capture the binding energs; of theith bound state wave function
and resonant or Hauser-Feshbach contribugioni change B eb'g i 9¥si df i tterina i '
as a function of energy in the following way: at thermal and ecause IS nol measured for neutron scattering "fz‘ge
very low energies it shows the above-mentioned ié¢hav- adj_usted the paranjete\r _to the scattering length of*Ca
a’VhICh has, at least in a simple shell model, the same neutron

lor; up to 8 keV it exhibits single resonance structures an configuration as*Ti. This adjustment also compensates the
tarting from 8 to 9 k t t 1 MeVit show L ' o ; :
starting from 8 to 9 keW(up to abou eyit shows a 1 uncertainties from the determination of tHéTi density.

behavior again but “shifted” with respect to the DC contri- From by, {?Ca)=3.36 fm [byed’Ca)=3.31 fm [14]

bution because of the many resonances. one obtains\ =0.853. A similar result is obtained from the
average of the neighboring Ti isotopéSTi and “®Ti; we
adoptA =0.855+ 0.050 for the following calculations.

The DC calculations were performed similar to R, In principle, for the calculation of the neutron capture
and the DC formalism was taken from Réf]. The DC  cross section of“Ti, one has to take into account all bound
cross sectiorar'?c is given by the sum over all partial transi- states of “°Ti below the neutron threshold akE,
tions o5 : =9530 keV[15]. However, it has been shown for the reac-
' tion “8Ca(n, y)**Ca that theE1 transitions to the boung
waves are dominating, and a similar behavior is expected for
44Ti, where the neutrons have also to be included infthe
shell. The spectroscopic facto&’S of all bound states of
whereC?S; is the spectroscopic factor of thth level which  45Tj are not known experimentally, but shell model calcula-
is a measure of the probability to find the nuclefi§i in a  tions indicate that most of thewave strength is located in a
#Ti®n single-particle configuration. The[y’f depend on the few low-lying levels[16].

A. Direct-capture calculations

Yt

o5C=2 (C?8)0)§ )

overlap integrals We have performed calculations for the two extreme
cases.
|ELIML :f _ ELIML _ 4 (i) The first 1/2 and 3/2 levels which are experimen-
oo Taia= | AUy sp (DO X, 5,00 @ ™ nown (B, (1/2)=1799.2 keV, B, (312)

) ) ] =36.7 keV [17]] contain the full spectroscopic strength
with the scattering wave funct|0)a|aja(r), the bound state [C2S(1/27)=C2S(3/27)=1.0]. This leads to an upper limit
wave functionu; ; (r), and the electromagnetic transition for the capture cross section because the capture cross sec-
operators® 5£/M~ of orderEL andM L. tion increases with increasing transition energy.

The basic ingredient for the calculation of the wave func- (i) The 1/2° and 3/2 strength is uniformly distributed
tions is then+#*Ti potential. Because of the small number from the energyE, ; of the first experimentally known 172
of adjustable parameters of folding potentials and because @ihd 3/2 levels, respectively, up to the neutron threshold
the successful application to thermal and thermonuclear ney< (E) =consi. Because of theEi dependence of th&l
tron capture(e.g., Ref[8]), we first calculate the density of transition probability, this leads to an average transition en-
44Ti which is necessary for the calculation of the folding ergy of
integral. We applied the proce&(éure olfGAbeIe and Stquét
which was used for the nucledsNe=""O® « in that work. = —5 [ Eymax Ey,max
In our calculation*Ti is composed of a*°Ca core, ana E)= J; Eiq)(Ev)dEv/ fo ®(E,)dE,=E] np/4
particle, and the O ground state wave function with 12 os- (6)
cillator quanta(3 quanta per each nucleon outside f€a
core in thefp shel) which was taken fronj13]. The result-
ing density of *Ti has a root-mean-square radius Qf,
=3.49 fm which is slightly larger than%Ca (f ms

. . 3= .
to an effective final state witkg o=\ E;, and with the full
spectroscopic strengtit2S=1.0. E, max IS the maximum

—3.39 fm). The folding potential is given Hy1] transition energy given by the difference between the bind-
ing energyEg=9530 keV of the ground state and the exci-
V(R)=A VK(R) tation energyE, ;.

The results of the calculations for casgs and (i) are
listed in Table I; they differ only by about 20%. At first view
this small difference is unexpected because of the stEf;ng

(5) energy dependence of the transition probability. However,
lower transition energieg, correspond to smaller binding

with N\ being a potential strength parameter close to unityenergiesEg, and this leads to a slower decay of the bound

ands=|R+r,—r,|, whereR is the separation of the centers state wave function towards larger radii. Because the main

:)\J' jpa(rl)pA(rz)Ueﬁ(EapaapA1S)drlera
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TABLE |. Calculated DC cross section>" of the reaction*Ti(n,y)*Ti at the thermal energj
=25.3 meV. Casef) and(ii) refer to Sec. IV A.

Casel(i) Casel(ii)
Transition E,=E, max (keV) o¢ (mb) E,=E,mal34 (keV) aY¢ (mb)
s—1/27 7730.8 3135 4870.1 233.3
s—3/2” 9493.3 660.3 5980.4 544.3
Sum Upper limit: 973.8 777.6

contribution of the DC cross section in the integrand of Eq.evel densities, and the neutron-nucleus optical potential are
(4) comes from the nuclear surface around 5-10(fthe  among the most important. Nuclear masses were taken from
maximum of the integrand is at=~6.5 fm), the lower tran- experimen{27]. The nuclear level density was calculated in
sition probability is compensated by a larger value of thea recently improved descriptidri24] within the framework
bound state wave function. Additionally, in the case of theof the back-shifted Fermi-gas approach, including an energy-
44Ti(n, v)*Ti reaction a cancellation between the positive dependent level density paramegeand taking into account
and negative regions of the integrand of E4).enhances the thermal damping of shell effects. For a detailed description
cross section at smaller transition energies. of the neutron transmission coefficients involved, §24]
Taking into account the uncertainties of the spectroscopiand references therein. Low-lying bound states*fi are
factors and the spectroscopic strength, respectively, and trexperimentally knowri17] and included in the calculation.
uncertainties of the optical potentigdarameteir), the final  The code also treats width fluctuation corrections but they

result of the DC calculations at thermal energies is are not of importance in the present context.
The results of the calculation are shown in Tables Il and
0)°=0.8+0.2 b, l1l. Comparing the HF cross section of 49 mb at 30 keV to

the 16 DC cross section, we find that the HF contribution is

which is in reasonable agreement with the experimentalarger by almost two orders of magnitude and that the DC
value gy,=1.1-0.2 b. contribution can be neglected at this energy, as expected.

At thermonuclear energies tlsawvave contribution of the When comparing our HF results to that of a previous HF
capture cross section can easily be calculated using the weltalculation[22], we find that our value is larger by a factor
known 16 law. However, for several nuclei a significant or of about 2.2. This is mainly due to the different treatment of
even dominating wave contribution oE1 transitions from the level density and also because we use more realistic op-
the incomingp-wave to bounds andd waves was found in tical potentials as compared to the equivalent square well
the keV region(e.g., *C [18], N [19], Mg [20], etc).  potentials used in Ref22].
This p-wave contribution is roughly proportional toinstead
of 1/v. For the neighboring nucleu$®Ca such ap-wave C. Discussion
contribution was not founi8], and our calculations indicate

that the p-wave contribution is practically negligible for Following - the excitation curve of the reaction

#Ti(n,y)*Ti from thermal to thermonuclear energies, one

4471, too.

In conclusion, the calculated DC cross section “6Ti
shows almost pure &/behavior with a value OfrBCZO.S TABLE Il. Calculated HF cross sections 6fTi(n,y)*°Ti.
+0.2 b at the thermal enerdy=25.3 meV. i

Ecm. Cross section
- . [MeV] [b]
B. Statistical model calculations
—2

While DC dominates the cross section in the absence of 0.010 8.53% 10_2
resonances, compound nucleus formation is favored in the 0.057 3.49% 1072
region of higher level density. The statistical mofi¢auser- 0.113 2.54% 1072
Feshbach(HF)] [21], which averages over resonances, is 0.200 2.00&10
used to describe the majority of reactions at astrophysical 0.311 1.68% 10"
energied22,23. The necessary condition for its application 0.518 1354102
to calculate astrophysical reaction rates is a sufficient number 0.808 1.096¢10 2
of resonances in the contributing energy wind@a]. In the 1.023 9.72%10°°
case of neutron capture dfiTi, it can be estimatef4] that 1.514 5.10% 103
the statistical model is applicable at energies above about 9 2.088 4.21%10°3
keV. Therefore, in order to compute reaction rates at stellar 2574 3.54%x10°%
temperatures, one has to invoke a statistical model calcula- 3.005 2.97x 103
tion. 3.502 257103

For the calculation, we utilized the codeN-SMOKER 4.076 2.21x10°3
[25] which is an improved Hauser-Feshbach code based on 4.508 1.98x10°3
the well-known codesMOKER [26]. Of all nuclear properties 5.238 1.75% 103

entering the calculation, in this context the nuclear masses
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TABLE IIl. Astrophysical reaction rates Na(ov) of  gpacing. For a proper treatment, information on statéSTh
“Ti(n,)*Ti. The groundrate is for the target in the ground state; ghove the neutron separation energ$,£9.53 MeV)
the stellar rate is for a thermally excited targétTi. would have to be included but is currently not available.

Temperature Rate
(16 K] (10 crPs mol 1] V. CONCLUSION
Ground Stellar We have for the first time measured the thermal neutron-
capture cross section of the radioacti&i nucleus. Our
0.10 /.88 /.88 result ofo,=1.1=0.2 b is in agreement with direct-capture
0.20 7.34 7.34 calculations. We expect, however, that, at stellar tempera-
0.30 7.24 7.24 tures, the thermal neutron-capture rate becomes dominated
0.40 7.21 7.21 by a resonant contribution larger than the 1¢rm by about
0.50 7.22 7.22 two orders of magnitude.
1.00 7.36 7.36 From the astrophysical point of view, enhancing the ac-
1.50 7.52 7.52 curacy of the**Ti(n, y) rates still leaves the uncertainties in
2.00 7.64 7.61 the a-capture reaction chain which produc&gi in explo-
250 771 761 sive Si burning[29,30. Recent work{31,25 indicates that
3.00 774 750 the uncertainties in thoser-capture reactions on self-
350 773 730 conjugate (\_I=Z) targets could be larger than those fro_m th_e
4.00 2 69 204 (n,y} reactl.ons and account for most of the uncerte}mty in
: : ' the final #*Ti abundance. We also note that a recent investi-
4.50 763 6.73 gation by Theet al.[32] suggests that th&Ti(n, y) reaction
5.00 7.56 6.40 doesnot play a crucial role in the nucleosynthesis Yfi.
6.00 7.39 .72 However, it is still possible that in cases where exceptionally
7.00 7.21 5.08 large neutron fluxes are present, the neutron-capture cross
8.00 7.03 4.51 section of *Ti still does consist of an essential piece of the
9.00 6.85 4.02 nucleosynthesis puzzle. One possible example isifhero-
10.00 6.69 3.61 cess of Ref[33], which was conceived to explain isotopic
anomalies in the Ca-Ti mass region favoring isotopes of
largeN.

passes through three different regini28], characterized by To conclude, we hope the experimental part of this work

different level densities. At thermal energy, the cross sectioffSrVes as a motivation for more investigations utilizing the
is dominated by a nonresonant direct-capture contributior?lus.'ve' but Interesting, radioactive targets, qnd that the the-
which may interfere with a few single, widely spaced reso-Oretlcal analys_ls helps to shed more light |_nt0 models  of
nances. The fact that the experimental thermal capture crod&/Cleosynthesis that involve tHeTi(n, ) reaction.
section can be described successfully using the DC model
indicates that there are no significant resonant contributions
at this energy. As found from our calculations, the DC cross We are grateful to the staff of the Oregon State University
section will fall off as 1/ at slightly higher energies. Radiation Center for their hospitality and assistance in per-
At energies above 9 keV the level density is so high thaforming the irradiations, sample handling, and counting.
many resonances overlap and the cross section can be calcuN. and J.R. acknowledge support from the Research Ex-
lated by an average over many resonances. Again, this aveseriences for Undergraduates program of the National Sci-
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