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The (n,vy) cross section of the unstable isotop&Ta (t,,=1.82+0.03 yr) has been measured at thermal
energies by means of the activation method. F#elf(p,2n) reaction was used for the production BfTa,
and thin samples of 4 and 20 ng were obtained by the electrospraying technique. From irradiations with and
without Cd absorbers the thermal cross sectigiF932+62 b and the corresponding resonance intebgal
=1216+69 b could be determinefiS0556-28139)02308-(

PACS numbgs): 25.40.Lw, 27.70+q, 82.80.Bg, 97.10.Cv

. 18%Ta PUZZLE measurements at keV neutron energies are practically ex-
cluded since these require sample masses of about 1 g. Pres-
The origin of ¥¥9Ta, nature’s rarest isotope, represents aently, the activation method remains the only possible way
persisting astrophysical puzZl&]. One of the most promis- for determining this cross section. Because of its unsurpassed
ing scenarios for the production 6f°Ta is the slow neutron  sensitivity, this technique allows us to use samples in the
capture processs(proces$ which takes place during stellar sub.ug region with a correspondingly reducedray back-
He burning at temperatures of 150 to 300 MK. With a typicalground. However, an activation measurement provides only
neutron capture time scale of a few months, the resultinghe partial cross section to the short-lived ground staee
reaction path follows the valley g8 stability. Whenever an  Fig.'1). To obtain the full cross section information this re-
unstable isotope with a half-life of about 1 yr is encountereds it can be complemented by a statistical model calculation
this reaction path exhibits a characteristic branching due Q¢ the relative cross sections leading to the isomer and
the competitiqn between neutron captures ﬂndeca}ys. In ground state of8°Ta, respectively.
the mass region between Hf and W two branchingsat = 14 gefinition of thel’“Ta sample as well as the determi-
=179 and 180 lead to the production 8fTa as sketched in nation of the activity produced in the thermal irradiation can

Fig. 1. Though both branches towartfSTa are comparably be conveniently performed via spectroscopy with a HPGe

weak, they may well suffice to produce most or even all of . h i
its very small natural abundang]. detector. At keV energies, however, the induced activity is

While the second branch #=180 has been shown to 100 Weak for being d_et_ected in theray b_qckground_from
contribute about 20%2,3], the alternative branching at the sample, thus requiring the more sensitive Qetectlon of the
17%f was found to be more prolific. As pointed out by Ta- decay electrons with §1§U|teiisp_e(it7rometer. With respect to
kahashi and Yokoj4] the terrestrially stablé’*Hf becomes this condition, a sufficiently thin'"*Ta sample had Lo be
unstable againsB~ decay unders-process conditions. In Prepared. The relevant decay properties'6fra and **Ta
spite of the faster back decay, a small equilibrium abundancare summarized in Table I.
of 1"°Ta is established in this way. Even though neutron
capture on this smalt’°Ta abundance leads predominantly B. Sample preparation
to the short-lived ground staté,(,=8.15 h), the quasistable

isomer {q,,> 10158yr) is s_tiII sufficiently produced to account 1804f( p,2n) reaction using a 27 MeV proton beam from the
for the observed®Ta. Since most neutron captures feed theKarIsruhe compact cyclotron. A water-cooled Hf foil of 1

short lived ground state of*’Ta, thes process provides the m thickness and 1 cm diameter was irradiated for 12 h at a
rare 84 as well, thus adding another constraint for the

The required 1°Ta was efficiently produced via the

s-process contributions to th&e=180 nuclei. p process
Among other parameters, such as neutron flux and tem- -
perature at the stellar site, the actual contribution from the “a Y Y “a

above production mechanism depends on the neutron captur:
cross section of the unstable branch point nuclé(@a.

This work represents the first step towards an experimental
determination of the stellar neutron capture rate'GTa. It 179,
describes the successful production and preparation of appro
priate samples which could be used for measuring the yet
unknown thermal i, y) cross section via activation. —|""°Hf [ """Hf [ " Hf

s process \3 v

lSOW | : ISIW - 182W ] 183W ——

18‘2Ta

181Hf

Il. EXPERIMENTAL METHOD
A. Principle r process
In view of the high specific 1°Ta activity of FIG. 1. The possible-process production 0ff°Ta and8Ww via
4% 10" Bg/g, traditional techniques fom(y) cross section the branching of the reaction path/At179.
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TABLE |. Adopted decay properties df°Ta and®Ta from Refs[16,17.

Decay mode Photons Electrons

E, (keV) I, (%) Epin (keV) le (%)
179Ta (1.82£0.03 yr); EC
Hf L 7.0-10.7 18.81.0 10-11 435
Hf Ka, 54.611 13.530.4 43-46 1.4
Hf Kay 55.790 23.60.7 51-56 0.73
Hf KB, 63.166 7.76:0.22 60-63 0.075
Hf KB, 65.211 2.06:0.06
18013 (8.152-0.006 h); ECB~
Hf L 7.0-10.7 23.83.0 6.18 634
W L 7.4-11.4 0.6%0.17 6.53 1504
Hf Ka, 54.611 20.40.8 28.05 5.60.3
Hf Kay 55.790 35.#1.3 34.07 0.680.2
W Ka, 57.981 0.170.03 44.8 3.420.14
W Kay 59.318 0.2¢0.05 45.7 0.02¢ 0.009
Hf KB 63.2 15.0-0.6 82.13 12.30.6
W Kpg; 67.155 0.09%0.016 90.8 3.0%50.15
W KB, 69.342 0.025:0.004 91.5 1.60.5
Yec 93.331 0.045%0.0016 92.86 0.870.05
Y- 103.6 0.00810.0024 100.8 0.400.12

103.0 0.12-0.04

3EC=electron capture.

beam current of 3QtA. The proton energy was adjusted at mol HF. This radioactive hydrous phase was then passed

the maximum of the®®Hf(p,2n) cross section(900 mb

through the column at a flow rate of 0.2 ml/min by control-

at Epoi—Enres=10 MeV), taking advantage of the fact that ling the yalve at the outlet, and collected in poly_propylene
1804f is the most abundant hafnium isotope. More impor-bottles in 1-3 ml steps. Tantalum and possibly small
tantly, this reaction avoids the coproduction of a long-livedamounts of other elements are accumulated in the MIBK
182Ta |mpur|ty which would have been impossib|e to Sepa_Covering the Teflon pOWder, while hafnium and the majority

rate chemically. Any further enhancement of tHéTa yield

required an enriched®Hf target. However, this material
was only available as hafnium oxide which does not tolerate
high beam currents. After irradiation, a number of short-
lived by-products were allowed to decay during a storage
time of 6 months until manageable levels betweef 46d

10% Bq were reached. Approximately 149 of 1°Ta were

produced in this way.

The chemical separation of thE°Ta fraction from the
inert hafnium matrix and from the remaining radioactive im-
purities (mostly long-lived Hf and Lu isotopes as well as a
number of lighter reaction products including Zr, Y, Nb, Co,
Zn, and Mn nuclei was performed by liquid-liquid column
chromatography. The best separation factors for this proce-
dure were obtained by combining methylisobutylketone
(MIBK) for the organic stationary phase and an acidic mix-
ture of 1 mol HSO, and 0.06 mol HF for the polar eluant
[5]. Figure 2 shows the setup for the separation. Presaturated
MIBK was dispensed in the column together with inert Te-
flon powder of mesh 40/60 serving as the carrier of the sta-
tionary phase. Excessive MIBK was washed out with the
H,SO, /HF mixture. The column was sealed by two frits to

protect the load.

obtain the required concentration of 1 mo}$0, and 0.06

of the detectable impurities leave the column with the hy-

@=12cm
-
HYDROUS PHASE

FRIT o |
MIBK LOADED — {a
INERT TEFLON
MESH 40/60 L=1lem

FRIT o ‘ VALVE

w8

f—————————————

| ¢ _ ) ) FIG. 2. Scheme of the chromatographic separation using a col-
The irradiated Hf foil was dissolved in hot concentratedymn with inert Teflon of mesh 40/60 as the MIBK carrier. The
sulfuric acid and diluted with hydrofluoric acid and water to radioactive hydrous phase passes gravitationally through the col-

umn
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at a flow rate of 0.2 ml/min adjusted by the valve at the outlet.
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FIG. 3. Efficiency obtained in separating the tantalum fraction
from coproduced radioactive impurities. The uncertainties of the
plotted values range between 1% and 20% according to the respec- 200°C

tive activities. HOT PLATE

drous phase. The separation factor was further improved by FIG. 4. Setup for the sample production via electrospraying. The

rinsing the column with excessive hydrous eluant. Finally, 1@ solution is ejected as a jet of fine droplets, which mostly
the tantalum fraction was extracted with MIBK. evaporate before deposition on the aluminum backing. Homoge-

The separation is illustrated in Fig. 3, where the measureﬁ]eeogzriigpézi;:]g and 10 mm diameter were produced by moving

v activities are plotted versus the outflow from the column.
Error bars have been omitted in this plot but are typically
between 1% and 20%. Obviously, all impurities behave 179_ Cka,kp
chemically similar and are hardly kept by the column, N*=
whereas tantalum is quantitatively accumulated. After opti-
mization of this procedure, 80%—90% of the produ¢étia

could be collected in the tantalum fraction. The achieve

separation factors are summarized in Table Il. decay constant ot”°Ta, andt,, the dead-time-corrected du-

From this tantalum fraction a sufficiently thin homoge- 4tion of the activity measurement. The sample masses were
neous sample was prepared by electrosprajijgonto an  jnferred from the mean of the measured intensities ofthe
aluminum foil of 0.125 mm thickness and 99.999% chemicalynqk g x-ray lines(Table ).

purity. As shown in Fig. 4 the solution was sprayed from the
tip of a small syringe mounted at 5-10 mm distance above
the sample. In this way, the extracted jet of fine droplets
produced an image of about 2 mm diameter on the sample. A. Cadmium-difference method
By heating the carrier foil to 200 °C the droplets react chemi-

(€

17 ’
A%l Kk pEK k8

herec denotes the number of events in tke-ray lines,|
he intensities per decay, the detection efficiencyy1’° the

IIl. MEASUREMENTS

sur'g?tce vtvhas clovg[red by méaa}ns of a movablel t?blle.d th 0.5 MeV. The fast flux withE,>0.5 MeV can be neglected
er the electrosprayed 'ayer was completely dry, ey, y,o present study since the capture cross sections are com-

a(_:tual s_ample was punched out of thg aluminum k.)a_Ckmgparably small in this energy range. Accordingly, the reactor
Finally, it was covered with a 2Qug thick carbon foil in spectrum can be written as

order to avoid any further losses. In total, two samples con-

taining about 4 and 20 ng’°Ta could be prepare(Table E exp( — E/kT,) A(E)
). B (E)dE= by —————-dE+ Dey—=—dE, ()
The number of*"®Ta atoms in the samples was obtained kTo)

from the respective x-ray yields measured with a calibrated
40 ccm HPGe detector. From these spectra one obtains  where®d,= [®,,(E)dE denotes the integrated thermal flux,
®,p the epithermal flux per logarithmic energy interval,

TABLE II. Separation factors in the column chromatography of A (E) the joining function defining the epithermal cutoff at

tantalum(in units of 10). the transition to the thermal pdif], andTy=20.44 °C the
standard neutron temperature corresponding to a thermal en-

Element Hf  zr Co Y Lu Nb Re ergyEy=0.0253 eV.

Separation factor 62>0.78 >0.34 >2.5 >2.5 >33 >1.4 In such a spectrum, the activati@) which corresponds

to the ratio of activated and target nuclei,
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TABLE lIl. Characterization of the?’*Ta samples.

Sample Diameter Activity Number of 17°Ta mass

(mm) (Bg) 179Ta atoms (ng

TA1 8 (1.5+0.02)x 10° (1.25+0.08)x 103 3.71

TA2 10 (9.07:0.15)x 10° (7.52+0.20)x 103 22.4

Nact LTa
= —= . . 179T Cd
¢ Ntarget Pt P epiepi: @ | es A= W I pgcsm' 9

Cd

can be eXpressed in terms of the MaXWG”ian-aVGraged ther- The Co and Au monitors used in the present experiment

mal and epithermal cross sections exhibit significantly differentoy,/| s ratios. This allows to
reduce the uncertainties in the flux ratio and to check for
on=1o0(E)E exp —E/kTo)/(kTo)* dE possible differences in the neutron spectrum between the
thermal and epithermal activation.
and o= [0 (E)A(E)/E dE, respectively. From Eq3) it Finally, the above equations have to be modified to ac-

follows that the thermal cross section can only be determinedount for the sample thickness, which may affect the mea-
if the epithermal contribution to the induced activity is de- sured activities:
termined as well.

The cadmium-difference method] has been used to
measure the epithermal contribution, by repeating the activa-
tion with the sample canned in a Cd absorber. Below 0.5 eV, Cin=GCunF 1P, (1D

the large absorption cross section of Cd ensures that ghere G is the self-absorption correction adthe correc-
sample is shielded from thermal neutrons. Accordingly, th&;qn for flux depression due to neutron absorption in the Al

measured activity is only due to the epithermal part. By COMy5cking and in the monitor foils. With these corrections one
bining the result of both activations, the thermal cross Secfinally has

tion can be expressed as

Cco= (-?"epl‘b-:-qoiI ress (10)

clra gmon

17 epi

Civ=C—FclCou: 4 o= —— ;;Ta mon. (12)
CCd epi

With Cog=Pepil res: Wherel o= [ o(E)A(E)/E dE is the
. Cd. . mon 179]'a 179Ta
resonance integrdB]. The correction factoF o4 considers wer,  (GFw)™" (Rea=Fed " Cea ™
deviations from an ideal cutoff behavior and depends on the ~ “tn :(G Fo) ™ (Roy— F o™ Cmon Tth -
Cd thickness, the geometry, cross section shape, and sample thTth Cd T cd Cd
thickness(see below
From Eqg.(3) one obtains

(13

B. Reactor activations and induced activities

Cn C Both samples, TA1 and TA2, were irradiated three times
Ccd Ceod Fca, ® inthe Triga Mark | reactor in Heidelberg at a thermal flux of
®y~10%s 1 cm 2. One of these activations was per-
formed without Cd absorber with the sample canned in a flat

E%ZRCd_FCd, (6) Al cylinder with a total height of 2 mm, 11.5 mm outer
res Pepi diameter, and 0.5 mm thick walls. The 0.01 mm thick moni-
tor foils, a gold disk of 6 mm diameter and a cobalt disk of
o, 10 mm diameter, were attached to the outside of the 0.2 mm

__epi
7" g h red Rea—Fed)- ™ thick top and bottom parts of the Al can. For the activations
with Cd absorber, this entire sandwich was put inside cylin-

While the cadmium ratiRe = C/Cqq is directly measured Qrical Cd absorbers with 0.5 and 1 mm thick walls, respec-
via the activations with and without Cd absorber, the fluxtively- Each of these activations lasted for about 14 h.

ratio can be determined by the simultaneous activation of 1he induced activation can be determined via

suited monitor foils with well-known cross sections. One ob- i

tains Ci= Nact (14)

179 Nltargetirrf b
wor, (Reg=Fcd) 2 o) ™" 170p, - J7o7
T =m — 1 (8)  wherei denotes th a, Au, and Co samples. The number
Cd— cd

res
e of target nuclei was determined from the weights of the
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TABLE IV. Compilation of uncertainties. (i) Correction factors.For the extremely thin tantalum
sample, the thermal and epithermal correction factors for
Source of uncertainty Uncertaint§o) self-absorption are negligible. Since gold is often used as a
Ta Au Co standard, theoretical as well as experimental data are avail-
— able for this monitof8—-10]. For the present setup, these are
Activity measurement Gepl(Au)=0.51 andGy,(Au)=0.98. For cobalt, theoretical
Statisticsc,, 1.0-19 02 02-05 (data have to be used which yield a negligible correction for
Waiting time f,, 01 <01 <01 the thermal value and an epithermal correctiGg,(Co)
Counting timef <0.1 <0.1 <0.1 =0.83[11]. This is in good agreement with the measured
PileupK, 0.7-1.0 0.2-0.3 0.1-0.2 value of 0.86, which is obtained by comparing the activities
Summationk gm <0.1 <0.1 <0.1 of the two monitor foils.
AbsorptionK, <0.1 <0.1 <01 Th_e_thermal flux depression due to neutron ab_sorbers in
Line intensityl 35 01 =01 the vicinity of the samplgAl, Au, and C9 was estimated
Detector efficiencye, 20 1.0 1.0 according to Ref[12], and can be neglected for the current
Reactor irradiation and related quantities geometry.

The correction$ c4(Au) andF -4 Co) were adopted from

Sample definitioMiarget 26 0.7 93 " the literature[8,13]. Since the cross section df°Ta is un-
Decay during activatio, <05 <01 <0.1 known around the 0.5 eV cutoff energye(Ta) is difficult
Neutron self-shieldin@Se,  <0.5 2.0 35 to determine. However, assuming that the major part of the
Gin <01 05 <05 epithermal activation is due to resonances with energies far
Flux depressiorFcq <10 <15 <3.0 above the cadmium cutoff energy, the correction factor
Resonance integrales 1.8 2.0 Fc4(Ta) can be neglected. The uncertainty due to this as-
Thermal cross sectiowr, 0.1 0.16  sumption is discussed belogee Table IV.

Total uncertainties (ii) Cross sectionsThe thermal neutron capture cross sec-
Activations C 5.0-5.2 1.3 1.2 tions and the respective resonance integrals were adopted
Cadmium ratioR¢y 3.2-36 1.0 0.6 from Refs. [7,13] O'th(CO)=3718"_'006 b, O'th(AU)
Resonance integrdl, cg =08.65-0.10 b, 1,{C0)=74.00:0.13 b, and | {Au)

=1550+ 25 b. All these data contribute very little to the un-
certainty of the present measurement.

(iii) Activities. The induced*®®Au and °Co activities of
monitor fois and from the*"Ta acivies, respectively O T T R O Y PV Be-
(Table 1ll). The decay during the irradiation in the con- .5 se of the relatively high intensities, these measurements
stant reactor flux is considered by the factdf=  \yere performed at a sample-detector distance of 93 cm. In
[1—exp(—Nitir) J/(—\itir). The number of activated nuclei thjs way, the count rates were sufficient to achieve good
is evaluated from the intensities of the corresponding lines irstatistics, but low enough to yield negligible pileup and sum-
the y-ray spectra of the activated samples, which were takemation corrections €p=Csuni=1). The detector efficiency
with the same HPGe detector used for characterizing thgas measured between 20 and 1200 keV by a set of cali-

Thermal cross sectioor, 6.7

1"°Ta samples, brated y sources. In the usual log-log plot, the efficiency
could well be fitted by a straight line above 150 keV.
N =7 kKK (15 The weaker!®%Ta activity was measured by placing the
e fyfm 7P sample at a distance of 13.6 cm from the HPGe detector. In

this geometry, the efficiency was determined/anergies of
In analogy to Eq.(1), c,, |,, ande, are the number of 59.6 and 88.0 keV by means of calibrat&dAm and 1°°Cd
events in the investigated line, the absolute intensity per desources. The extrapolation to the 93.3 ke\transition in the
cay of this line, and the corresponding detector efficiency.!8Ta decay required a somewhat larger uncertainty than in
The factorf,,=exp(—A;t,) corrects for the decay between the well-defined region above 150 keV.
irradiation and activity counting, anél,=1—exp(—X\;t,) The experimental spectrum of the activated sample TA1
accounts for the decay during the activity measuremignt, is shown in Fig. 5. In spite of the very small sample mass,
being the dead-time-corrected duration of this measurethe signatures from thé’°Ta decay in the sample as well as
ment. The correction fory self-absorption, K,=1  from the activated®Ta are quite clear. For the cross section
—exp(—ud)/ud, considers the sample thicknessind the  analysis, only the 93.3 keV line was used because of the poor
respective absorption coefficiept. Minor corrections con-  statistics in the seconf°Ta line at 103.6 keV. The signifi-
cerning pileup effectsi ) and the problem of cascade sum- cant background underneath both lines is due to Compton
ming (Kgy,) contribute very little to the overall uncertainty scattering of a®*Na activity produced byr{,«) reactions in
(Table V). the Al backing.

C. Data analysis D. Uncertainties

The required input data for these final equations are dis- The experimental uncertainties of the thermal cross sec-
cussed in the following. tion, the resonance integral, and of the ratig/ oy, of ¥°Ta
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., GAMMA ENERGY (keV) - TABLE VI. Final results for the'”*Ta(ny,, y)*¥®Ta reaction.
i . 0 : P —
K,and K X-rays from the decay of '*Ta lresJ 0.55eeV (b) an(Eo) (b) Ives! Tin

viines from the decay of "T# 3 1216+69 932+ 62 1.23-0.06

933 keV
103.6keV

out and with the 1 mm thick absorber. The good agreement
of the resonance integrals based on both monitors confirms
that the thermal part of the spectrum was efficiently re-
moved.

The main reason for using the thinner absorber was to test
the cross section shape 6f°Ta in the Cd cutoff region for
obtaining an estimate of the uncertaintyFpy. The obvious

FIG. 5. They-ray spectrum measured between 10 and 440 ke\jifference indicates a remaining thermal component. The
after irradiation of the smaller sample TAL. The characteristic Ilnestherma| cross sections could not be deduced in this case, but
from the decay of®Ta are given in the inset. this activation provides an important argument. Because of

the remaining thermal component, the Cd cutoff energy is

were evaluated by quadratic summation of the contributiongifted towards the epithermal part of the spectrum. Since
from the various quantities in Eql2) and(13). This means  the corresponding deviation if {/o) 1 is in agreement

that all quantities were considered independent of each othefith the deviations of the monitor foils possibl&Ta reso-
Though this is not strictly true for the cadmium ratios and forpances in the critical interval at the Cd cutoff energy are

Ccd, the respective correlations are weak enough to justifypycjyded, hence confirming the experimentald{oy,) 14 ra-
this assumption. tio

All uncertainties are summarized in Table IV. For the part .The thermal cross section is given fB5=0.0253 eV, the
of the activity measurements, relatively large uncertainties,g ;a1 value for the peak of the thermal spectrum. The reso-

are due to the limited counting statistics and to the decaygnce integral in Table V is an experimental quantity and,

intensity of the 93.3 keV line. The uncertainties related to thgpgrefore depending on the Cd cutoff energy according to
reactor irradiation are determined by the number'6iTa '

[
T

COUNTS PER CHANNEL (s')
S o 0 3—

-
o o

L
1500 2000

8

1000
CHANNEL NUMBER

atoms in the sample as well as by the contributions from the « o(E

. . : exot o(E)
monitor samples. In particular, the correction for flux depres- I ad'= E dE.
sion carries sizable uncertainties. In the casé®o it is Ecd

caused by the extrapolation of the value from R&8] to the
finite thickness of the actual monitor foil. FOr®Ta, this
uncertainty was difficult to estimate since the cross sectio
shape is unknown. The assumptibir4Ta)=1 yields| g
>a, indicating significant resonance absorption. There- | o2 MeV _ e
fore, the 1¥ contribution to the resonance integral should be res0.55 eV Tires -

small, and an estimated uncertainty of 10% should be S'Ufﬁ'Since tabulated resonance integrals of the monitors have
ciently conservative. In view of the large cadmium ratio, this 9

uncertainty has little impact on the final cross section thoughl.)een used n derlvmg_ the _experlmental value 16iTa, the
orresponding correction yields

Larger uncertainties due to resonances in the cutoff regioﬁ
between 0.1 and 0.7 eV could be excluded by the activation Ta

with the 0.5 mm thick Cd absorber. 2 MeV _ k expt
Ire 0.55eV kmonl res *

Resonance integrals are usually tabulated for integration lim-
I1|ts of 0.55 eV and 2 MeV. For a it/absorber, experimental
values can be transformed to these linjitg&] via

IV. THERMAL CROSS SECTION
AND RESONANCE INTEGRAL For a 1 mmthick Cd absorberEc4=0.68 eV[12] leads

The results obtained in the activations with and Withoutt0 rather small corrections dt’¥k"'=1.035 andk™¥/k"
_ ; o 0 ; . N
the Cd absorbers are listed in Table V., where the first tw 1.013 with uncertainties below 2%. With this definition the

i t th bined Ivsis of th tivat .t;}inal results in Table VI were determined as the weighted
INes represent the combined analysis of the activations Withs,ean of the values obtained with the Au and Co monitors.

TABLE V. Experimental results of the various thermal activa-
tions of }"°Ta. V. OUTLOOK

The present investigation has demonstrated tita can

Cd absorber  Monitor lredEcd (b) oin(Eo) (b)  lres/omn be efficiently produced by proton bombardment of natural Hf

1 mm 1970 1205+ 72 97968 1.19+0.06  at 27 MeV, chemically purified, and prepared in form of very
60Co 11706~ 70 916-62  1.28-0.07 thin samples. Activation of these samples has allowed to
0.5 mm 60Co 1737103 measure the thermah(y) cross section and the resonance

integral of 1"°Ta with uncertainties of 6.6% and 5.7%, re-
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spectively. In a second step, these techniques will be used tellar neutron spectrum obtained via tH&( p,n)’Be reac-
study the stellarif, y) rate as well. As a result of the weaker tion [14,15 have already shown that successful measure-
neutron fluxes and smaller cross sections at keV energies, timeents will be possible with about 10 times higher sample
sensitivity of the experiment has to be improved correspondmasses. Such samples can be produced with the described
ingly. Test activations of the existing samples in the quasitechniques.
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