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Neutron capture cross section of44Ti
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The cross section for thermal neutron capture by radioactive44Ti was measured to besg51.160.2 b. This
result was shown to be in agreement with a direct capture calculation. Possible implications of the44Ti(n,g)
reaction in nucleosynthesis are discussed.@S0556-2813~98!04610-X#

PACS number~s!: 27.40.1z, 25.40.2h, 26.30.1k
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I. INTRODUCTION

Radioactive44Ti (N5Z522) is produced near the end o
the chain of silicon-burning reactions. The presence of
radioisotope in supernova remnants has been confir
through the observation of the 1157-keV ray from its dec
@1#, and the half-life of the decay has been recently rem
sured to permit a more precise interpretation of thisg-ray
flux @2#. 44Ti can also be produced in meteorites throu
cosmic-ray interactions providing information on solar act
ity from the cosmic-ray exposure of such objects@3#.

The decay of44Ti eventually leads to stable44Ca, the
abundance of which ought to provide an independent m
sure of the production of44Ti in stellar nucleosynthesis. In
fact, recent studies in meteorites point to their origin in s
pernovas by comparing the abundance of Ca isotopes
other isotopes in the same mass region@4#. However, the
observed abundances of44Ca are significantly smaller tha
the predictions of some stellar models@5#. One possible ex-
planation for this discrepancy is the burnup of44Ti by neu-
tron capture, since neutron-capture processes are know
be significant in the latter stages of nucleosynthesis.

This possibility motivated a recent attempt to measure
thermal neutron-capture cross section of44Ti by Ejnisman
et al. @6#. In that work, they were able to deduce an upp
limit to the cross section of 4000 b. Their main difficultie
arose from impurities originating from chemical separatio
The availability of commercial radioactive sources of44Ti of
exceptional chemical purity provides an opportunity to i
prove on this result. By choosing the irradiation time to ne
its optimum for the 3.08-h half-life of45Ti produced by neu-
tron capture, the required neutron flux to increase the se
tivity over the previous experiment by three to four orders
magnitude can be obtained from a modest research reac

The decay schemes of44Ti and 45Ti are shown in Fig. 1
@7#. The characteristicg rays of the 45Ti decay, 720 and
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1409 keV, are both very weak, being emitted in only abo
0.1% of the decays. As a result, it is necessary to rely on
emitted positrons, specifically on the 511-keVg-ray peak
produced by positron annihilation, to signal the presence
45Ti. Unfortunately, the original44Sc in equilibrium with

FIG. 1. Partial decay schemes of~a! 44Ti and ~b! 45Ti. Energies
are given in keV;g transitions are labeled with their decay inte
sity. Not to scale.
2531 © 1998 The American Physical Society
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44Ti present in the sample is also a positron emitter, as
certain radioisotopes created upon neutron capture by im
rities that are present in the source material or introdu
into it during chemical procedures. It is therefore necess
to ‘‘unfold’’ the 511-keV peak by subtracting the contribu
tions from 44Ti and positron-emitting impurities to extract it
3.08-h component. To accomplish this subtraction we
lowed the 511-keV peak over time after the irradiation a
used the time dependence of the peak intensity to correc
impurities. The intensity of the resulting 3.08-h compone
provided a direct measure of the cross section.

II. EXPERIMENTAL DETAILS

There were two separate neutron irradiations, both p
formed in the thermal column of the Oregon State Univers
1-MW TRIGA reactor. Gamma rays from the radioacti
decays of the samples were observed using an Ortec H
detector of 28.8% relative efficiency and 1.70 keV ene
resolution@full width at half maximum~FWHM!#, both mea-
sured for the 1.33-MeVg ray of 60Co. The Ge detector wa
surrounded by a low-activity Pb housing. The source-
detector distance was 10 cm. For data acquisition we use
Ortec ACE system with Maestro software running on a P
Spectra were accumulated every hour of real time, beginn
approximately 1.5 h following the end of the neutron irrad
tion and continuing for at least 4 days. A typical spectru
obtained following the second irradiation can be observe
Fig. 2.

The 44Ti activity, consisting of 5.0mCi in 0.2 ml of HCl
solution, was obtained from Los Alamos National Labo
tory. Owing to the necessity of using the positron annihi
tion g rays as a signal of the presence of45Ti, it was neces-
sary to verify that the irradiated sample contained
impurities that could produce positrons, or else that the qu
tity of any such impurity was sufficiently well known tha
the total 511-keV peak intensity could be easily and p
cisely corrected for the effects of the impurities. We the
fore made an initial irradiation of about 1/5 of the44Ti
sample (1 mCi) in a neutron flux of 331012 neutrons/cm2/s
for 1 h. Before the irradiation, the sample was evaporate
dryness; after the irradiation, the sample was redissolve

FIG. 2. Typical spectrum obtained following the second irrad
tion. In the inset, a closer view of the 511- and 1157-keV peak
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approximately 0.5 ml of 1 mol HCl and transported to th
counting system.

Of the impurities known to be present in the sample, o
24Na ~resulting from neutron capture by stable23Na) could
be observed at the start of counting. Based on the sam
assay, the 1368-keV peak from24Na (T1/2515 h) was ex-
pected to be present in the spectrum at an intensity of 4
of the 1157-keV peak from44Ti, in good agreement with the
observed intensity~5.0%!. We also observed a very wea
impurity of 56Mn, originating from the presence of stab
Mn in the original sample.

Based on the examination of the sample following th
trial run, we concluded that no impurities decaying by po
tron emission were present in the sample at the start of
counting period for the first irradiation. However,24Na can
produce positrons through pair production by the 2754-k
g ray emitted in its decay. The pair production and sub
quent positron annihilation can occur anywhere within t
liquid sample, its lucite housing, or the Pb shield surround
the sample and detector, so it was not possible to calcu
the contribution of24Na to the 511-keV peak. We therefor
determined its effect empirically by observing the 15-h co
ponent in the 511-keV peak.

Once we were satisfied that the impurity question w
well understood, the remaining 4mCi of 44Ti were irradiated
for 5 h in a flux of 1.131013 neutrons/cm2/s. ~The flux was
determined by simultaneously irradiating a 66-mg sample
Fe; the intensity of the59Fe g rays provided a direct mea
sure of the flux.! One-hour spectra were accumulated f
about 5 days. With a source-to-detector distance of 10
the counting system dead time was about 25%. These
were analyzed to determine the cross section of44Ti.

After a period of about 2 weeks, the 4-mCi sample was
irradiated a second time~for 6 h rather than 5 h!. This irra-
diation revealed a greater level of impurities, presuma
introduced into the sample through the HCl that was used
dissolve it following the first irradiation. In particular,38Cl
could be observed during the first few 1-h spectra followi
the irradiation through its 2167-keVg ray, which can pro-
duce positrons by pair production. The intensity of the 216
keV g ray from the decay of38Cl amounted to about 18% o
the intensity of the 2754-keVg ray from 24Na; by estimating
the relative probabilities for pair production at these energ
we were able to estimate the38Cl contribution to the 511-
keV peak, which amounted to about 15% of the peak int
sity ~roughly 1.5 standard deviations! in the first 1-h spec-
trum after the 44Ti and 24Na contributions had been
subtracted. The38Cl contribution was about 6.5%~0.5 stan-
dard deviations! in the second 1-h spectrum and negligib
thereafter.

Also present in the sample for the second irradiation w
a small Br impurity from the HCl, which produced the iso
topes80gBr ~17 min!, 80mBr ~4 h!, and 82Br ~35 h!. 82Br, the
activity of which was measured to be 44 nCi based on
counting rate of the 776-keVg ray, does not produce pos
trons. 80gBr, calculated to have an activity of 32 nCi base
on the 82Br activity, has a weak positron branch~2.6%!, but
contributes negligibly to the 511-keV peak at the start
counting. 80mBr was expected to have an activity o
0.18 mCi at the start of the measurement, which was co

-
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PRC 58 2533NEUTRON CAPTURE CROSS SECTION OF44Ti
sistent with the measured counting rate of the 616-keVg ray.
Although the 80mBr activity was about 3 times the45Ti ac-
tivity, its contribution to the 511-keV peak was only abo
10% that of the45Ti, owing to the weak positron branch. W
have corrected our data for this contribution, which has b
determined from the measured intensity of the 776-keVg
ray from 82Br.

III. RESULTS AND ANALYSIS

As mentioned above, the characteristicg rays from 45Ti
were too weak to grant a direct observation of that isoto
after neutron activation of the44Ti target. Based on the
known branching ratios of the 720- and 1409-keV transitio
and the measured thermal neutron flux, we deduce from t
absence that the neutron cross section must be less than

In order to eliminate possible systematic errors due
variations in the live timer of our analog-to-digital convert
~ADC!, we normalized the 511-keV peak intensities in ea
1-h run using the intensity of the 1157-keVg ray from the
decay of 44Ti. Owing to its long half-life of 60.461.4 yr
~unweighted average from works of Ref.@2#!, the 44Ti decay
can be regarded as occurring at a constant rate during
course of our 5-day experiment.

Because theg-ray peaks in the spectrum are well isolat
from one another, it was not necessary to use peak fittin
determine the peak areas. Instead, we used a simpler
ming procedure after subtracting a linear background. Ba
ground corrections were relatively unimportant for the 51
and 1157-keV peaks; the ratio of peak area to backgro
area was greater than 20:1.

The base line 511/1157 ratio was determined from a
ries of runs taken at least 4 days after the irradiation. T
ratio was 3.424~1! for the first irradiation and 3.460~1! for
the second irradiation. These values agree with the calcul
value of 3.45 based on the decay parameters and our m
sured detector efficiencies~determined using a source o
152Eu). Subtracting the base line 511/1157 ratio from
data, we obtain the results shown in Fig. 3 for the first 3
of counting after the second irradiation. In the figure, t

FIG. 3. Time dependence of the ratio of the 511-keV peak to
1157-keV peak from the second irradiation. The dotted line co
sponds to a contribution from24Na of '15 h of half-life. The
dashed line includes that plus contributions from38Cl and 80Br.
The solid line adds to that the contribution of45Ti.
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dotted line represents the contribution of a 15-h compon
due to 24Na, whose amplitude was obtained from runs 1
35. The dashed line shows the expected contribution of38Cl
and 80mBr added to that of24Na. The remaining 511-keV
counts agree quite well with a contribution of45Ti, as can be
seen from the solid line, which corresponds to a fit with
fixed 3.08-h half-life.

The cross section for the44Ti(n,g) reaction can then be
extracted from the ratior i of the 511-keV 45Ti g-ray and
the 1157-keV 44Ti g-ray intensities. In any particular 1-h
run beginning at timet i ~with t i50 defining the start of
counting! r i is given by

r i5
I i~511!

I i~1157!
5

a45e
2l45t ie~511!b45~511! f 45

a44e~1157!b44~1157! f 44
, ~1!

whereaA is the activity of isotopeA of decay ratelA at t i
50 ande(Eg) represents the detector efficiency at ener
Eg of branching ratiobA(Eg). The decay factorf A corrects
for the decrease in the amount of the isotopeA during the 1-h
counting intervals (f 4451.000, f 4550.895).

The thermal neutron capture cross sectionsg at a constant
flux f can now be obtained from

sg5
l44b45~511!e~1157!b44~1157!^r i /e2l45t i&

f~12e2l45tb!e2l45tdf 45b44~511!e~511!b44~511!
,

~2!

where the angular brackets denote an average over the
acquisition runs,tb is the neutron bombardment time, andtd
is the delay between the end of bombardment and the sta
counting.

From the first irradiation, witĥ r i /e2l45t i&50.056, we
obtain sg51.25 b, and from the second irradiation, wi
^r i /e2l45t i&50.041, we obtainsg50.93 b. The statistica
uncertainty associated with each result is610215 %. In-
cluding the610% uncertainty in the measured neutron flu
we obtain the final result for the cross section:

sg51.160.2 b.

Our data also permit a determination of the cross sec
of the (n,p) reaction on 44Ti, which would lead to 3.9 h
44Sc. Because44Sc is also produced following the decay
44Ti, the 1157-keV transition emitted in the44Sc decay
could thus show two components: the 59-yr component fr
the 44Ti →44Sc decay and the 3.9-h component from t
44Sc newly produced through the (n,p) reaction. Using the
MCA live timer for normalization, we have examined th
1157-keV intensity to search for the presence of a 3.9-h co
ponent in the first 10 h following the irradiation. At mos
only a very weak 3.9-h component could be identified, fro
which we conclude

sp,0.2 b.

The possible presence of this weak 3.9-h component in
1157-keV intensity does not alter our previous conclusio
for the (n,g) cross section.

e
-
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IV. THEORETICAL ANALYSIS AND DISCUSSIONS

In the following section we calculate the neutron-captu
cross section of the reaction44Ti(n,g)45Ti using the direct-
capture ~DC! model and the statistical Hauser-Feshba
model, and we discuss the applicability and accuracy of b
models for this reaction. As will be shown, the cross sect
exhibits a pure 1/v behavior near the experimental energ
However, the total cross section~i.e., sum of direct capture
and resonant or Hauser-Feshbach contributions! will change
as a function of energy in the following way: at thermal a
very low energies it shows the above-mentioned 1/v behav-
ior; up to 8 keV it exhibits single resonance structures a
starting from 8 to 9 keV~up to about 1 MeV! it shows a 1/v
behavior again but ‘‘shifted’’ with respect to the DC contr
bution because of the many resonances.

A. Direct-capture calculations

The DC calculations were performed similar to Ref.@8#,
and the DC formalism was taken from Ref.@9#. The DC
cross sectionsg

DC is given by the sum over all partial trans
tions sg,i

DC:

sg
DC5(

i
~C2S! isg,i

DC, ~3!

whereC2Si is the spectroscopic factor of thei th level which
is a measure of the probability to find the nucleus45Ti in a
44Ti ^ n single-particle configuration. Thesg,i

DC depend on the
overlap integrals

I l b , j b ; l a j a

EL/ML 5E dr ul b j b
~r !O EL/ML~r ! x l a j a

~r !, ~4!

with the scattering wave functionx l a j a
(r ), the bound state

wave functionul b j b
(r ), and the electromagnetic transitio

operatorsO EL/ML of orderEL andML.
The basic ingredient for the calculation of the wave fun

tions is then144Ti potential. Because of the small numb
of adjustable parameters of folding potentials and becaus
the successful application to thermal and thermonuclear n
tron capture~e.g., Ref.@8#!, we first calculate the density o
44Ti which is necessary for the calculation of the foldin
integral. We applied the procedure of Abele and Staudt@10#
which was used for the nucleus20Ne516O^ a in that work.
In our calculation44Ti is composed of a40Ca core, ana
particle, and the 01 ground state wave function with 12 os
cillator quanta~3 quanta per each nucleon outside the40Ca
core in thef p shell! which was taken from@13#. The result-
ing density of 44Ti has a root-mean-square radius ofr rms
53.49 fm which is slightly larger than 40Ca (r rms
53.39 fm). The folding potential is given by@11#

V~R!5l VF~R!

5l E E ra~r1!rA~r2! veff ~E,ra ,rA ,s! dr1dr2 ,

~5!

with l being a potential strength parameter close to un
ands5uR1r22r1u, whereR is the separation of the cente
e

h
th
n
.

d

-

of
u-

,

of mass of the projectile and the target nucleus. The effec
nucleon-nucleon interactionveff has been taken in the
DDM3Y parametrization@12#. The resulting folding poten-
tial has a volume integral per interacting nucleon pair,JR
5501.2 MeV fm3 (l51), and a rms radius r rms
54.22 fm.

The potential strength parameterl is adjusted to the scat
tering lengthb ~incomings wave at thermal energies! and to
the binding energyEBi of the i th bound state wave function
Becauseb is not measured for neutron scattering on44Ti, we
adjusted the parameterl to the scattering length of42Ca
which has, at least in a simple shell model, the same neu
configuration as44Ti. This adjustment also compensates t
uncertainties from the determination of the44Ti density.
From bbound(

42Ca)53.36 fm @bfree(
42Ca)53.31 fm# @14#

one obtainsl50.853. A similar result is obtained from th
average of the neighboring Ti isotopes46Ti and 48Ti; we
adoptl50.85560.050 for the following calculations.

In principle, for the calculation of the neutron captu
cross section of44Ti, one has to take into account all boun
states of 45Ti below the neutron threshold atEx
59530 keV@15#. However, it has been shown for the rea
tion 48Ca(n,g)49Ca that theE1 transitions to the boundp
waves are dominating, and a similar behavior is expected
44Ti, where the neutrons have also to be included in thef p
shell. The spectroscopic factorsC2S of all bound states of
45Ti are not known experimentally, but shell model calcu
tions indicate that most of thep-wave strength is located in
few low-lying levels@16#.

We have performed calculations for the two extrem
cases.

~i! The first 1/22 and 3/22 levels which are experimen
tally known @Ex,1(1/22)51799.2 keV, Ex,1(3/22)
536.7 keV @17## contain the full spectroscopic streng
@C2S(1/22)5C2S(3/22)51.0#. This leads to an upper limi
for the capture cross section because the capture cross
tion increases with increasing transition energy.

~ii ! The 1/22 and 3/22 strength is uniformly distributed
from the energyEx,1 of the first experimentally known 1/22

and 3/22 levels, respectively, up to the neutron thresho
@F(E)5const#. Because of theEg

3 dependence of theE1
transition probability, this leads to an average transition
ergy of

Eg
35E

0

Eg,max
Eg

3F~Eg!dEgY E
0

Eg,max
F~Eg!dEg5Eg,max

3 /4

~6!

to an effective final state withEB,eff5
3AEg

3 and with the full
spectroscopic strengthC2S51.0. Eg,max is the maximum
transition energy given by the difference between the bi
ing energyEB59530 keV of the ground state and the exc
tation energyEx,1 .

The results of the calculations for cases~i! and ~ii ! are
listed in Table I; they differ only by about 20%. At first view
this small difference is unexpected because of the strongEg

3

energy dependence of the transition probability. Howev
lower transition energiesEg correspond to smaller binding
energiesEB , and this leads to a slower decay of the bou
state wave function towards larger radii. Because the m



PRC 58 2535NEUTRON CAPTURE CROSS SECTION OF44Ti
TABLE I. Calculated DC cross sectionsg
DC of the reaction44Ti(n,g)45Ti at the thermal energyE

525.3 meV. Cases~i! and ~ii ! refer to Sec. IV A.

Case~i! Case~ii !
Transition Eg5Eg,max (keV) sg

DC (mb) Eg5Eg,max/A3 4 (keV) sg
DC (mb)

s→1/22 7730.8 313.5 4870.1 233.3
s→3/22 9493.3 660.3 5980.4 544.3
Sum Upper limit: 973.8 777.6
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contribution of the DC cross section in the integrand of E
~4! comes from the nuclear surface around 5–10 fm~the
maximum of the integrand is atr'6.5 fm), the lower tran-
sition probability is compensated by a larger value of
bound state wave function. Additionally, in the case of t
44Ti(n,g)45Ti reaction a cancellation between the positi
and negative regions of the integrand of Eq.~4! enhances the
cross section at smaller transition energies.

Taking into account the uncertainties of the spectrosco
factors and the spectroscopic strength, respectively, and
uncertainties of the optical potential~parameterl), the final
result of the DC calculations at thermal energies is

sg
DC50.860.2 b,

which is in reasonable agreement with the experime
valuesexpt51.160.2 b.

At thermonuclear energies thes-wave contribution of the
capture cross section can easily be calculated using the w
known 1/v law. However, for several nuclei a significant
even dominatingp wave contribution ofE1 transitions from
the incomingp-wave to bounds andd waves was found in
the keV region~e.g., 12C @18#, 15N @19#, 26Mg @20#, etc.!.
This p-wave contribution is roughly proportional tov instead
of 1/v. For the neighboring nucleus48Ca such ap-wave
contribution was not found@8#, and our calculations indicat
that the p-wave contribution is practically negligible fo
44Ti, too.

In conclusion, the calculated DC cross section of44Ti
shows almost pure 1/v behavior with a value ofsg

DC50.8
60.2 b at the thermal energyE525.3 meV.

B. Statistical model calculations

While DC dominates the cross section in the absence
resonances, compound nucleus formation is favored in
region of higher level density. The statistical model@Hauser-
Feshbach~HF!# @21#, which averages over resonances,
used to describe the majority of reactions at astrophys
energies@22,23#. The necessary condition for its applicatio
to calculate astrophysical reaction rates is a sufficient num
of resonances in the contributing energy window@24#. In the
case of neutron capture on44Ti, it can be estimated@24# that
the statistical model is applicable at energies above abo
keV. Therefore, in order to compute reaction rates at ste
temperatures, one has to invoke a statistical model calc
tion.

For the calculation, we utilized the codeNON-SMOKER

@25# which is an improved Hauser-Feshbach code based
the well-known codeSMOKER @26#. Of all nuclear properties
entering the calculation, in this context the nuclear mas
.
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level densities, and the neutron-nucleus optical potential
among the most important. Nuclear masses were taken f
experiment@27#. The nuclear level density was calculated
a recently improved description@24# within the framework
of the back-shifted Fermi-gas approach, including an ener
dependent level density parametera and taking into accoun
thermal damping of shell effects. For a detailed descript
of the neutron transmission coefficients involved, see@24#
and references therein. Low-lying bound states in45Ti are
experimentally known@17# and included in the calculation
The code also treats width fluctuation corrections but th
are not of importance in the present context.

The results of the calculation are shown in Tables II a
III. Comparing the HF cross section of 49 mb at 30 keV
the 1/v DC cross section, we find that the HF contribution
larger by almost two orders of magnitude and that the
contribution can be neglected at this energy, as expecte

When comparing our HF results to that of a previous H
calculation@22#, we find that our value is larger by a facto
of about 2.2. This is mainly due to the different treatment
the level density and also because we use more realistic
tical potentials as compared to the equivalent square w
potentials used in Ref.@22#.

C. Discussion

Following the excitation curve of the reactio
44Ti(n,g)45Ti from thermal to thermonuclear energies, o

TABLE II. Calculated HF cross sections of44Ti(n,g)45Ti.

Ec.m. Cross section
@MeV# @b#

0.010 8.53531022

0.057 3.49931022

0.113 2.54931022

0.200 2.00831022

0.311 1.68731022

0.518 1.35431022

0.808 1.09631022

1.023 9.72331023

1.514 5.10331023

2.088 4.21931023

2.574 3.54131023

3.005 2.97031023

3.502 2.57631023

4.076 2.21231023

4.508 1.98231023

5.238 1.75531023
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2536 PRC 58R. EJNISMANet al.
passes through three different regimes@28#, characterized by
different level densities. At thermal energy, the cross sec
is dominated by a nonresonant direct-capture contribu
which may interfere with a few single, widely spaced res
nances. The fact that the experimental thermal capture c
section can be described successfully using the DC m
indicates that there are no significant resonant contribut
at this energy. As found from our calculations, the DC cro
section will fall off as 1/v at slightly higher energies.

At energies above 9 keV the level density is so high t
many resonances overlap and the cross section can be c
lated by an average over many resonances. Again, this a
age shows the well-known 1/v behavior because of th
domination of theE1 transitions but quantitatively it is
higher by two orders of magnitude than the DC cross sec
due to the resonant contributions.

The intermediate region between thermal energies
8–9 keV exhibits a complicated structure given by the
herent sum of a nonresonant DC background and the co
butions of resonances with on average gradually decrea

TABLE III. Astrophysical reaction rates NA^sv& of
44Ti(n,g)45Ti. The groundrate is for the target in the ground stat
the stellar rate is for a thermally excited target44Ti.

Temperature Rate
@109 K# @106 cm3 s21 mol21#

Ground Stellar

0.10 7.88 7.88

0.20 7.34 7.34

0.30 7.24 7.24

0.40 7.21 7.21

0.50 7.22 7.22

1.00 7.36 7.36

1.50 7.52 7.52

2.00 7.64 7.61

2.50 7.71 7.61

3.00 7.74 7.50

3.50 7.73 7.30

4.00 7.69 7.04

4.50 7.63 6.73

5.00 7.56 6.40

6.00 7.39 5.72

7.00 7.21 5.08

8.00 7.03 4.51

9.00 6.85 4.02

10.00 6.69 3.61
.
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spacing. For a proper treatment, information on states in45Ti
above the neutron separation energy (Sn59.53 MeV)
would have to be included but is currently not available.

V. CONCLUSION

We have for the first time measured the thermal neutr
capture cross section of the radioactive44Ti nucleus. Our
result ofsg51.160.2 b is in agreement with direct-captur
calculations. We expect, however, that, at stellar tempe
tures, the thermal neutron-capture rate becomes domin
by a resonant contribution larger than the 1/v term by about
two orders of magnitude.

From the astrophysical point of view, enhancing the a
curacy of the44Ti(n,g) rates still leaves the uncertainties
the a-capture reaction chain which produces44Ti in explo-
sive Si burning@29,30#. Recent work@31,25# indicates that
the uncertainties in thosea-capture reactions on self
conjugate (N5Z) targets could be larger than those from t
(n,g) reactions and account for most of the uncertainty
the final 44Ti abundance. We also note that a recent inve
gation by Theet al. @32# suggests that the44Ti(n,g) reaction
doesnot play a crucial role in the nucleosynthesis of44Ti.
However, it is still possible that in cases where exceptiona
large neutron fluxes are present, the neutron-capture c
section of 44Ti still does consist of an essential piece of t
nucleosynthesis puzzle. One possible example is thenb pro-
cess of Ref.@33#, which was conceived to explain isotop
anomalies in the Ca-Ti mass region favoring isotopes
largeN.

To conclude, we hope the experimental part of this wo
serves as a motivation for more investigations utilizing t
elusive, but interesting, radioactive targets, and that the
oretical analysis helps to shed more light into models
nucleosynthesis that involve the44Ti(n,g) reaction.
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