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Neutron activation measurements on natural tellurium
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Natural tellurium has been activated with thermal neutrddB=22 meV) and with quasistellar neutrons
(kT=25 keV). By analyzing the ground state decay of the odd isotopes as a function of time, information on
the partial capture cross sections to the isomeric states could be determined with systematic uncertainties of
3-8 %. Additionally, the decay parameters of some isomers could be significantly improved. These results are
of relevance fois-process nucleosynthesis.
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[. INTRODUCTION between the dominan decay and possible neutron captures
on the 109-d isomer. A branching of different nature occurs
Neutron capture on the even tellurium isotopes populategt?8 where the competition is between tjge and electron
either the ground states or the isomers of the odd reactiogapture(EC) decays. The combined strength of these branch-
products, which are located around 100-keV excitation enings is defined by the abundances of thenly isotopes
ergy. For thermal neutror(@2 me\) the partial capture cross ?®Xe and 13%e, since the first one is partially bypassed by
section to the isomer is about ten times smaller than the crogbe reaction flow. TheA=128 branching is appealing since
section to the ground state. This large difference complicatethe half-life of 1?4 is far too short for neutron captures, thus
a reliable experimental determination of their ratio, which isbeing an indicator for the temperature- and density-
interesting from the astrophysical point of view. dependent interplay between its weak interaction rates, com-
At the high temperatures during He burning in asymptoticpletely independent of the stellar neutron flux. In this con-
giant branch AGB) stars, where neutron capture nucleosyn-text, the branching at'?’Te constitutes a necessary
thesis of the slow process (process takes place, the de- correction. The half-life indicated in Fig. 1 was derived un-
population of isomeric states can be dramatically accelerateder the assumption that the population of ground state and
The mechanism for this enhancement is provided by the erisomer are completely determined by the equilibrium be-
ergetic thermal photon bath which can populate excitedween excitation via thermal photons and the corresponding
nuclear states up to 1 MeV. Starting from an isomer, it maydecays[3]. This potential correction for the branching at
well be possible to reach levels with a non-neglible decay'?’Te motivated the measurements at thermal and stellar en-
branch to the ground state. If the ground state has a shoergies described in Sec. Il. The respective data analyses and
half-life—like all the unstable odd Te nuclei under
consideration—the isomer can be efficiently destroyed be- p-process
fore it can capture a neutron, and has therefore no conse-
guence for the reaction flow. However, if the isomer is not *
. . . . . s-process path
destroyed, it may act as a branching point in the reaction
path, as discussed below. Whether such mediating states can Xe —’

5~ -
be reached depends on their excitation energies as well as on AN

the prevailing temperature. I 27 25 .
. . -1 . yr
Present stellar mode[4,2] are describing the process in = .

the Te-I-Xe region to occur by alternative neutron production

NEASAN
at temperatures ofg=1 andTg=23 (units of 1¢ K), cor- Te l—————-
» »

\\ \\ \\

responding to thermal energies of 8 and 25 keV, respectively. S

Depending on the position of the lowest mediating state, this > > >
may imply for some isotopes that ground state and isomer
are not in thermal equilibrium, at least at the lower tempera- r-process

ture. Therefore the partial stelldn,y) cross sections of

+#01%%e have been studied for a complete description of th%rast to 13%e, ?8Xe is partly bypassed due to the interesting tem-

Intirestrl]ng br?‘”lg_h'”g jﬁgl ion flow b T perature dependent branching'&ll and the possibly small branch-
S shown in Fig. 1 the&-process reaction flow between Te ing at '?"Te. Both Xe isotopes are shielded agaimgprocess

and Xe is (?haraCte“Zed by a sequer]ce of neutron captures @Bntributions by their stable Te isobars. If it would be possible to
the stable isotopes. At the unstable isotdpie, however, &  neglect the branching df’Te, one could draw conclusions about
small branching of the path may result from the competitionhe temperature during the process, since the branching X8l
results from the competition betwegh and electron capture de-
cays and is completely independent of the neutron flux. The indi-
*Electronic address: rene.reifarth@ik.fzk.de cated half-life of*?"Te corresponds to complete thermal equilibra-
TElectronic address: franz.kaeppeler@ik.fzk.de tion of ground state and isomésee text

FIG. 1. Thes-process reaction path between Te and Xe. In con-
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results are presented in Secs. Il and IV, followed by a brief TABLE I. Monitor data for the activation with thermal neutrons

outline of the astrophysical impact in Sec. V. (Ref.[6]).
Isotope  Weight oy, Uncertainty |,.s  Uncertainty
Il. EXPERIMENT (mg) (barn (%) (barm (%)
If neutron capture produces an unstable isotope the acti- 4550 169 272 0.74 12 49

vation technique provides a powerful tool for cross section 59C0
measurements. This technique offers a twofold advantage:
It does not require isotopically enriched samples since the
capture reactions can be identified vjaspectroscopy of

transitions in the decay of the product nucl@i) It allows us The epithermal as well as the thermal flux during the ac-

to achieve very good sensitivity since the irradiation can by aion can be measured by using different neutron monitors
performed in high neutron fluxes and since comparably highyith gitferent ratios! /o, . In order to characterize the
detection efficiencies can be obtained with large HPGe deéituation at the TRIGA-HD Il reactor. Sc. Co. and Au foils

tectors. were chosen for this purpos@able ). Assuming constant
neutron flux, the number of activated nuclei is

0.0286 37.18 0.16 74 2.7
A0 0.103 98.65 0.09 1550 1.8

A. Sample preparation

—\t
The samples were pressed from natural tellurium powder. ATIN(t, t,) = AT 1N£e_“w,

For better stability a 1:1 mixture of tellurium and carbon Mg

powder was used for producing sample disks of 6 mm in ] )

diameter at a pressure of 1 GPa. The samples were mount¥d1€re\ is the decay constant of the produced isotapéhe
between Kapton foils, which were stretched over thin alumi-activation time, and,, the waiting period between activation
num frames. By using a special tool for centering the@nd the start of the activity measurement.

samples with respect to the aluminum frames, the sample The induced activities were measured with a 40-ao-
position was reproducible within 0.1 mm during the activa-axial high purity germanium detect¢ORTEQ. In the be-

tion at the Van de Graaff accelerator as well as during th&inning the spectra were stored in intervals of 20 min to
activity measurement. record the decay of the shorter-lived isotopes, but later on the

intervals were extended to 2 h. Even with the smaihten-

sities of the odd tellurium isotopes, the activities produced at

the reactor were high enough to detect the decays of long-
An activation with thermal neutrons were carried out in and short-lived isotopes with the same detector, keeping the

order to determine the stellar cross sections in the keV regiogystematic uncertainties small.

relative to the well known thermal cross sections. In using = The detection efficiency was calibrated with a set of well

the same samples and detection techniques, many systemagisfinedy sources. Above 120 keV, the measured data points
uncertainties can be avoided or significantly reduced. In theould be represented by a fit according to

context of stellar nucleosynthesis it is important to investi-

gate the partial capture cross sections'®fTe and '%Te, €(E.)=7.0.E_13,

since the respective isomers may act as branching points in 7 7

the reaction flow. Moreover, even at thermal energies theigure 2 shows the excellent agreement between this fit and

Isomeric ratios the calibration measurements over the entire energy range
from 120 to 2000 keV.

B. Activation with thermal neutrons

partial capture cross section to isomer
B total capture cross section

C. Activation with stellar neutrons

of some Te isotopes exhibit significant discrepancies which "€ measurements at keV neutron energies were carried
are important to resolvig,5]. out at the Karlsruhe 3.7 MV Van de Graaff accelerator using
The activation was carried out at the TRIGA-HD I reac- the "Li(p,n)” Be reaction for neutron production. Before
tor of the German Cancer Research Center, Heidelberg. THACh run, the accelerator was operated in pulsed mode with a
flux at the internal irradiation position used wab,  'ePetition rate of 1 MHz and a pulse width of 10 ns. This
=10 cm~2 s~ * with an epithermal component of 5%. The allowed to define the neutron spectra via time of fligioF)
number of activated nuclél™ N can be expressed in terms PY means of eLi glass monitor locate 1 m downstream of
of the thermal cross sectian,, the resonance integrh, the neutron target. For the activations, the accelerator was
[l S

and the ratio between epithermal and thermal neutronglux switched to direct current mode for achieving beam currents
around 100uA. In this mode, the®Li glass monitor was

| used for recording the neutron yield in regular intervals of 10
ATIN= AN (Do + Pepil red) = AN Doy 1+p0r_es), min. The resu!tlng time history was u_sed for ev_aluatmg the
th proper corrections for the decays during activatign[7].
A quasistellar distribution corresponding to a thermal en-
where”N is the number of atoms in the sample. ergy of kT=25 keV, which is representative of typical He-
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Y-ENERGY (keV) FIG. 4. Arrangement of the Ge crystals and the sample in the
) o face-to-face arrangement of the two Clover detectors used for

FIG. 2. The detection efficiency versysray energy of the ger- ., nting the weak activities obtained with keV neutrons.
manium detector used for the activity measurements after the reac-
tor activations as well as for counting the gold foils used during theingly smaller induced activities, an efficient counting system
activation with stellar neutrons. The solid line shows the Ieas1Was used in these cases, which consisted of two Clover type
square fit for ener_gies above 120 keV, used for interpolation beHPGe detectors facing éach other in close geometry. The
tween the data points. Clover detectorgEurisys Mesurgsare an assembly of four
r'Lﬂdependenn—type Ge crystals in a four-leaf clover arrange-
ment with 0.2-mm gaps in between. The originally cylindri-
cal crystals with 50-mm diameter and 70-mm length are
shaped as shown in Fig. 4, leaving an active volume of about
145 cn? per crystal. The crystals are held from the rear
hrough a steel rod of 1-mm diameter and about 35-mm
ength and are enclosed in a cryostat with a 1-mm-thick alu-
minum window 5-mm in front.

The individual Ge crystals have a resolution of typically
2.0 keV at 1.33 MeV. At 122 keV, the peak-to-Compton ra-
éio is ~45. The detector can be operated eithersingle
modeby considering the signals from each crystal indepen-
dently or incalorimetric modewhen coincident signals from
different crystals are added off-line. In this way Compton-
scattered events can be restored in the sum spectrum if the
scattered photon is detected in one of the neighboring crys-
I,Fals, resulting in a significantly higher photopeak efficiency.

the neutron flux and the cross sections were considerablgcTl:;t?:;egtgiesr;gRﬁg’A\_’\\/’\e}lrf{;i%O.ltdggrﬁg ¢P thuslrnegstr;i_data
smaller in the keV region. In order to detect the correspond; q 4 ) b

tive energy signals were processed in the usual way by spec-

burning sites, was used in these activations. The spectru
was obtained by bombarding thick metallic lithium targets
with a proton beam oE,=1912 keV, just above the neutron
production threshold at 1881 keV. With this choice, all neu-
trons are emitted in a forward cone of 120° opening angle
The angle-integrated spectrum provides a good approxim
tion of the thermal case, but is truncated at 106 k&\8] as
illustrated in Fig. 3. The proper proton energy is verified via
the 106 keV cutoff in the TOF run with theLi glass moni-
tor. The samples were sandwiched betweenu®®bthick
gold foils determining the neutron exposure, since both th
stellar neutron capture cross section §fAu [8] and the
parameters of the'®®Au decay[9] are accurately known.
Two activations with different irradiation times were carried
out to account for the different half-lives of the produced
isotopes.

Compared to the activations with thermal neutrons, bot

1 ‘ . troscopy amplifiers and analog-to-digital convertéd®C)
S Maxwell-Boltzmann (kKT=25 keV) | with fixed conversion times of 800 ns. The data were stored
experimental neutron spectrum event by event for off-line analysis. A threshold level of

081 1 20 keV was set for each ADC.
1 In view of the low count rates expected for the activation
. of the isomeric states with very low intensities, the two
Clover detectors were arranged face-to-face with a distance
of only 3-mm, which corresponds to 13-mm distance of the
crystals themselves. The sample was exactly centered in the
gap by means of a special holder. For this very close geom-
. 1 etry the total and peak efficiencies of the Clover system were
e : determined in the range from 50 to 1200 keV using a set of
S —— '.‘“.‘*;5 . ((:glilt'&rat)ed zgulzcs/s. (I\l/logg(sjl;rergggti V{//el’?l 3egrf;)rm§§5a& 5\? keV
m), e , e s), e
NEUTRON ENERGY (keV) (®Mn), and 1115 keV £°Zn). For the last two sources, the
FIG. 3. The neutron spectrum used for the activations at the Vagascade-summation effect with x rays had to be considered
de Graaff accelerator. The experimental spectrum given by the higand was calculated with the codasc [10]. Typical uncer-
togram represents a good approximation of a thermal spectrum fdainties of the measured efficiencies are 2% including all
kT=25 keV (solid line). statistical and systematic effects.

NEUTRONS (arb. units)
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10° R AR . meric states were determined via the activity of greund
8- + experiment 8 x single crystal ] state decay as a function of time, hence the santiaes as
6F e « experiment calorimeter ] the capture cross sections to the ground states. This has the
o e T GEANT simulation 8 x single crystal advantage that all the uncertainties related to detection effi-
o 4t R GEANT simulation calorimeter ciency, y-ray and neutron self-absorption in the sample, cas-
é e e 1 cade corrections, and line intensities cancel out in the rela-
2 ) el tive measurement of the cross section ratios. The only
H Ol e ] remaining systematic uncertainties are due to the time corre-
e ¢ ] lated effects discussed below. The details of the data analysis
ol \‘\.\_\\\ | will be discussed ir] the next seption. .
ol ¢ ] . The .decay of all investigated isomeric states proceeds par-
0o e e e e e e o5 11551300 tially via the ground state. _The time dependence of the
y-ENERGY (keV) ground state abundance is given by
FIG. 5. The photopeak efficiency for the Clover system. The dN?

R =—)\9.N9 D LA L
lower data points refer to single crystals, the upper to calorimetric dt (t) AT-NS(O) + a7 A NT(H),

spectra. Experimental data are given by solid symbegaNT cal-
culations by dotted lines. where\9™ are the decay constants of ground state and iso-
per. andy; the part of internal decays feeding the ground

analvsis made with theEaNT code[11]. The geometry of State- While the solution for the isomeric state is given by the
y [11] g y decay lawN™(t)=N™(0)exp(\"), the solution for the

the system, including the source holder, was carefully simu .
lated in the calculations. The resulting efficiency for a singledround state is
crystal is plotted in Fig. 5. The lower curves correspond to
the average photopeak efficiency and the upper curves shov\f\I
the calorimeter mode efficiency when coincident events in
the other seven crystals are considered. The efficiencies of
the individual crystals do not differ by more thanl %. The
advantage of the calorimeter mode for the detection effi
ciency is evident: the ratio of the photopeak efficiency in
calorimeter mode and for a single crystalqy(E)/Z€(E),

The measurements were supplemented by a Monte Car

m

9(1)=N0)-e M+ 7-NM(0) (e " — e~ 2%).

AI—A\T

This means that the time dependence of the number of
ground state nuclei, and vi&(t) =\N(t) the activity of the
ground state decay, is a sum of two exponential terms. Since
. the half-lives of the considered ground states are much
increases from= 1 at 50 keV(where most Compton scat- gy rter than the half-lives of the isomeric statads¢\™),

tered photons fall below the detection threshp[nb = .2 the activity after irradiation is first determined by the ground
near 1.5 MeV. Above 100 keV the results obtained in the at A% while the i d dominates at h
GEANT calculations(solid lineg differ by only a few percent state .(xe )'7\;th' e the |somer ecay domina ?S at muc
from the experimental values. Therefore the cross sectiolfter times ¢ze™* 7). The analysis obothexponential func-

analysis was completely based on lines above 100 keV. tions was only possible for?"*?***¥e since the ground
states of'?>1?Te are metastable or stable, respectively. The

IIl. ANALYSIS OF THE REACTOR ACTIVATION relevant part of the depay schemes are shown_in Figs. 6 anq
7, and the corresponding decay data adopted in the analysis
A. Determination of the neutron flux are summarized in Table Il.

. . . . L. H 7,129,13 H
The neutron monitor foils used during the irradiation con-  For the three isotopet’ o Te the half-lives of ground
sisted of 25um scandium, 1Q:m cobalt, and 0.25m and isomeric states are sufficiently different that the approxi-
gold. All foils were thin enough that neutron self-absorptionmationA9(t)=2A9- N9(0)-e " can be used immediately af-
and absorption losses during counting were negligibly ter the activation while at later times the activity is due to the

small. decay of the isomer

For %°Co, the correction for cascade summing could di-
rectly be measured by means of a calibrated source, while NN .
the 1% correction fof*Sc was determined as described else- A%(t)=A"(t)= fi-N™(0)-e M.

where[12]. Since the uncertainties of detector efficiency and AI—AT
pile-up corrections were also small, the different resonance o ] )
integrals of the three monitors allowed us to deduce the fluxn these cases it is not necessary to fit two exponentials, one
ratio. A best fit based on the three monitors led to a flux ratidit for early and later times would be sufficie(fig. 8.

of (5.5+0.5)%. The total neutron flux is not needed in the

following analysis. C. Results and uncertainties

Since the measurements discussed above aimed at the de-
termination of cross sectioratios, many uncertainties re-

In order to keep the systematic uncertainties as small dated to the experimental setup cancel in the analysis. Ac-
possible, the neutron capture cross sections feeding the isoerding to the previous section, one finds for the number of

B. Induced activities
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FIG. 6. Simplified decay schemes of those cases where the d
cays of ground state and isomer could be investigated. All energie
are given in units of keV. The transitions used for analysis are

indicated by thick arrows.

detector events caused by the ground state decays of th

produced Te isotopes as a function of time:
CcY(t)=ae M+be ™,
where

m
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a:=| o9f3— 7oy | PNge

AI—A™

b KofufCoum
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FIG. 7. Simplified decay scheme &°Te™ and®Te™. All ener-
gies are given in units of keV. The transitions used for analysis are
indicated by thick arrows.
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where ¢9™ denotes the partial capture cross section to the
ground, and isomeric state, respectively, the time inte-
grated neutron fluxNg the total number of nuclei of the
respective isotope in the Te sampég, the efficiency of the
clover detector for the geometry uséd,the relative inten-
sity for the vy line used for identification of the ground state
decay, and;, ¢/t the dead time correctioi,, accounts for
the correction fory-ray self-absorption in the sample. The
time factorsf,,=e *w andf.=(1—e *'m) account for the
fraction of nuclei that decay during the waiting time between
irradiation and measurement and during theay counting
itself, Cs,m for the summing correction. Pile-up corrections
could be neglected.

Sincea andb are determined by fitting the activity of one
v line, the ratio does not depend on most of the correction
factors:

o9fg AI—\™

V:=a/b: - -1,
7]i0'mfb }\m
hence
10°
oF ' ' ' ' :
2 4 . _
‘g «» experimental data
> 2 fit: a2 -1/0417h 4 1 2 -1/3325h
g
Eg
ef 6f
X
=
1031
< 13
6F L 1 L ) J
0 1 ) ] 5

3
TIME (h)

FIG. 8. Time dependence of the dechyfTe? after the reactor
activation illustrated by the intensity of the 150-keV transition in
134, Each point represents a measuring time of 20 min. The solid
curve corresponds to the sum of two independent least square fits
with exponentials corresponding to the half-lives of ground and
isomeric state.
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TABLE Il. Decay parameters used for analysis from Réf.

Isotope Half-life time Internal decay vy energy(keV) Line intensity

1237gm 119.7+0.1d 1 159 0.8404
12Frgm 127Ted 109+2 d; 9.35:0.07 h 0.976:0.002 417.9 0.0099
1297 12979 33.6+0.1d; 1.160-0.003 h 0.65-0.03 459.6 0.073%0.0024
18I 18178 33.25+0.25° h; 25.0:0.1 min ~ 0.259-0.00% 149.7 0.689-0.0006

@Adopted from this work(see Sec. I D.

o™ 1 AI_\M f9 While the half-life of 1**Te™ was reported as 302 h[6]
R - bm, a least square fit to the present data for the 150-kelihe
of vtL AT pfy shown in Fig. 9 yields

oM (NI—A™fP ty( 3T =33.25-0.25 h.
o9+ ™ (v DA M+ (NI-AM Y

The half-lives of all other investigated nuclei were known

The remaining sources of uncertainties are due to théefore with uncertainties of less than 1%.
adopted decay data, in particular related to the half-lives and For 2°Te™ the fraction of internal decays could be deter-
the internal decay of the isomer, to the time corrections, anthined by comparing the intensities of the 459.6-kg\ine
to counting statistics. The resulting systematic and statisticdfom the ground state decay with the 695.88-kg\line of
uncertainties are given in Table Il together with the isomericthe isomer decay at late times. With the respective decay
ratios. Except fort?Te(n, y), the total uncertainties are al- intensities of 0.03 059 0.00 096 (for the 695.88-keV ling
ways dominated by the systematic component. and 0.0736:0.0024(for the 459.6-keV ling[6] one finds

The isomeric ratios are compared in Table Il with previ-
ously reported data. This comparison is somewhat hampered
by the fact that the present experiment did not distinguish
between thermal and epithermal neutrons. This should not
cause a significant effect, however, sidethe thermal and  in very good agreement with, but more accurate than the
epithermal values given in Ref4] are very similar, andii)  value of 0.65-0.06 given in Ref[6].
the epithermal component in the present activations was A similar analysis was possible for the decay GfTe™
rather small according to the measured flux ratio of (5.5ja the y lines at 149.7 keV for the ground statd, (
+0.5)%. Given the discrepancies between Rpfand[5]  =0.689-0.006) and 200.6 keV for the isomerl [
the results reported here are in agreement with f&ffor = 0,07 546-0.00116). Since (5.070.66)% of the isomeric

'?°Te whereas they clearly support the valuesfiTe given  gecays emit also a 149.7-key/ray, one obtains
in Ref. [4]. For 3*°Te the sizable uncertainties of previous

data[5] could be considerably reduced. 151
Nevertheless, this comparison shows that the thermal Te 7;(~>"Te)=0.2594+0.0054.
cross sections need further improvement. While the present

experiment was aiming at cross section ratios, these resuligsnin o standard deviations, this result is compatible with
are indicating yet unsolved problems with the total capturethe previous value of 0.2220.016 reported in Ref8]
Cross sections. . . 6]

7,(1?°Te)=0.649+0.030,

IV. ANALYSIS OF THE VAN DE GRAAFF ACTIVATION
D. Other nuclear data

Apart from the isomeric ratios it was also possible to de- A. Determination of the neutron flux

termine some decay data of the long-lived tellurium isomers The induced®®Au activity was determined via the net
with improved accuracy. Accordingly, these values werecounts, in the 412-keV line of thé®®Au decay measured
used in the present analysis. with the 40-cni HPGe detector,

TABLE lll. Isomeric ratios measured in the reactor activation in comparison to previous data.

Reaction Thermdl4]  Epithermal[4] Thermal[5]  Thermak- epithermal(this work?
126Te(n,y) ¥ Té™Y  0.06-0.01 0.0796:0.0079  0.130.03 0.149 0.004(1.4/2.09
128Te(n, y) 2°Te™?  0.127+0.01  0.125-0.009  0.076:0.005 0.124:0.008(2.2/6.2
1301g(n, y) 31TEM9 0.07+0.04 0.067-0.005(3.2/7.3

a/alues in brackets are the statistical and systematic uncertainties in %, respectively.
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FIG. 9. Same decay as shown in Fig. 8 but for later times when  FIG. 10. The neutron flux versus distance between neutron tar-
the ground state contribution was completely negligible. Each poinget(6-mm diameterand sample, measured by irradiation of a stack
represents a measuring time of 5 h. The solid curve corresponds f gold foils. The linear dependence is confirmed for gold foils of 5-

a least square fit for determining the improved half-life. and 10-mm diameter.
C.=Ne.l t“veK fof according to the linear decrease of the induced activity with
Y vy yiw ims . .
tm the distance from the neutron target as measured by activa-

tion of a stack of five gold foil§Fig. 10. The uncertainty in

whereN denotes the total number of activated nuclei at thed€termining the mass of the gold foils was negligibly small.
end of irradiation € ,= (1.99+ 0.04)x 1075 the efficiency of The mformapon on sample mass and various run parameters
the Ge detector for the geometry usgtB], 1,=0.9558 & summarized in Table IV.

+0.0012 the relative intensity for the 412-keV lifie4], and
tiiye/tm the dead time correctiorkK,,, the correction for
y-ray self absorption in the 3pm-thick gold foils, could be
neglected. The time factorsf,=e * and f,=(1 With the method described in the previous section the
—e~*'m) account for the fraction of nuclei that decay during isomeric ratios have also been measured in the keV neutron
the_waiting time between_ irradiation and measurement andnergy range, thus reducing the systematic uncertainties sig-
during the measurement itself, and are discussed elsewhefgicantly. Though also the total capture cross section could
[7]; X is the decay constant of the respective product nucleusaye been determined, the main focus of this experiment was
Pile-up and summing corrections could be neglected in thig, ihe possible branchings caused by the yet unknown partial
measurement due to the 76-mm distance betwet_ar) sample apg s sections populating the long-lived isomef€7ife and
detector, and the compara_bly small de_gector eff|C|ency. 13176 which were unknown so far.

The total number of activated nuclef’™N, is given by After the first activation of 1.5 h the activity was counted
for 18 h with the Clover system. The spectra have been saved
every hour for determining the time dependence of the activ-
ity. From these data th&Te(n, y) cross section information
where @, = [ ®(t) dt is the time—integrated neutron fluX, \vere derived. The second activation las&d and the pro-
YN the number of gold atoms, angh,=648+=10 mb[8]  guced activity was counted for 16 d, again with the Clover
the spectrum-averaged neutron capture cross section. TRgstem. The spectra were saved every hour immediately after
time factor f,, corrects for the decay during activation, in- the activation and everd h atlater times.

CIUding the effects due to a time variation of the neutron flux The ana|ysis of the recorded Spectra was performed as
(for a definition see Ref.7]). Since the neutron flux is de- described for the reactor activations, using the different time

termined by the gold foils on both sides of the sample, corgonstants to separate the decays of the various isotopes.
rections for target geometry as well as for neutron scattering

and self-shielding are accounted for by averaging the neutron
fluxes obtained from the two gold foils.

The total flux uncertainty was determined by quadratic
summation of the various systematic errors, since the influ-
ence of the counting statistics in measuring the activity of the

B. Induced activities

198N = DN oa

TABLE IV. Parameters of the activations at the Van de Graaff
accelerator.

Sample Mass Irradiation Integral flux  Uncertainty

. _2 0
gold foils was negligible. Apart from the above effects, a 7% (mg) time (h) (em ) )
uncertainty was allowed to account for the flux at the posi- TE1 105 1.48 1.08 10 3.2
tion of the Te samples. This corresponds to a 0.5-mm uncer- Tg2 126 68.25 1.98 10 3.0

tainty in the position of the sample relative to the gold foils
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TABLE V. Isomeric ratios for a stellar neutron spectrum corre- V. SUMMARY AND ASTROPHYSICAL IMPLICATIONS
sponding tok T=25-keV thermal energy.

The activation at thermal energy has produced results in

Reaction Ref[15] This work' two areas. In addition to the intended improvement of the
126Tg(n, y) 12770 0.342+0.027(0.8/8.0 isomeric ratios of the four isotopE&Te,?fTe,1Te,
128Te(n,y) 12°Te"9  0.111+0.006  0.070:0.017(0.3/24.8 and3Te, the accuracy of some decay data, i.e., the half-life
130Tg(n, ) 134Ten 0 0.269+0.022(0.8/8.3 of 13Te™ and the IT decay branchings &t°Te™ and *3'Te™,

could be improved as well.

®alues in brackets are the statistical and systematic uncertainties in | the activations in the quasi-stellar neutron spectrum for
%, respectively. kT=25 keV, first experimental values for the isomeric ratios
of ?Te and '*°Te could be obtained. In all relevant cases,
o . . . ~overall uncertainties of 8% could be obtained.

The resulting isomerc ratios are listed in Table V, which Among these results, the isomeric ratio '3fTe was im-
alsc_J includes the only previous experimental value f(_)r COMportant for estimating the impact on the branching in the
panson. As far as the total capture cross sections of process reaction chain d@@'Te, in particular since this

120 %e are conce.rr;led, the values derived from ;he,lR—and hence the population of the 109-d isomer—is more
present data agree with previous experiments, but exhiby, 14 times larger at stellar temperatures than suggested
larger uncertainties since the activation times at the Van dSy the thermal value. So far, astrophysical models assumed

o . 1 . ,
GraaP;f acceleratpr were opt|m|_zed fo_r the_|somers }’ﬁ!—e that this isomer is quickly depopulated to the short-lived
and *°Te. For this reason, the isomeric ratio BfTe exhib- . . ; .
ground state by thermally induced transitions to higher lying

its a comparably large systematic uncertainty. : . )
Becau_ge of %/he ﬁighydetection efficiencyyof the CIovereXC'ted states with a decay branch to the ground state. With

system, the statistical uncertainties are below 1% for all thre[—th's assumption and W'th the pn_awou?s ly ?‘dOp“?d_ thermal
cases listed in Table V. In addition to the uncertainties of the/alué of the IR the effective half-life &t'Te is sufficiently
nuclear data use(able II), the f, factor, which accounts for short to reduce this branching to_a negllgd_)le level. With the
the number of decays already during the activation, adglarger stel_lar value of the IR obtained |n_th|s work, however,
significantly to the systematic uncertainties. Since the flux afhe question has to be addressed again, whether the 109-d
the Van de Graaff accelerator is not constant in time, mainlySOmer is indeed quickly destroyed by thermally induced
due to the degradation of the Li targé, needs to be deter- transitions. For example, if it turns out that it may survive at
mined numerically. The shorter the half-life of the producedthe lower temperature ofg=1, where the AGB stars pro-
isotope compared to the irradiation time, the larger the unduce 95% of their neutrons, téTe branching could be as
certainty off,,. This holds in particular for?®Te, where the large as 10% and could no longer be neglected in the inter-
isomeric ratio required a three day activation, whereas th@retation of the main branching at4.
half-life of the ground state is only 70 min. In this case the
23% uncertainty of thd,, correction completely dominates
the systematic uncertainty. ACKNOWLEDGMENTS
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