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Thermal neutron capture cross sections of tellurium isotopes
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New values for thermal neutron capture cross sections of the tellurium isotopes
1221 124Tg 125Te 126Te 128Te, and!3Te are reported. These values are based on a combination of newly
determined partiah-ray cross sections obtained from experiments on targets contained natural Te and
intensities per capture of individual Te isotopes. Isomeric ratios for the thermal neutron capture on the even
tellurium isotopes are also given.
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Reaction cross sections belong to the basic quantities iserved percentages of the sum of the ground- and isomeric-
nuclear physics. Their precise values are important for thetate populations in our recent experiments amount to
evaluation of many experiments as well as various applicat90+10% for each neutron capture in the case$?fe [16]
tions. Thermal neutron capture cross sections are one of thend *2Te [17], (80+15% for 1?°Te [18] and (80+12% for
most utilized quantities. In the last decades, many measuré2°Te [13]. The assumptions of the observed percentages are
ments were carried out to obtain precise values for all stablbased on the estimation of the most probable value of the lost
isotopes. In spite of this large effort, there are still someintensity ending at the ground or isomeric state. To obtain
usncertainties in the tables of thermal neutron cross sectionthese values of the lost intensities we combined the detection

Our publication reports new thermal neutron capture crostimits of the individual experiments, the systematics of tellu-
section values leading to the ground or isomeric states for alium isotopes, the population-depopulation balances of low-
stable Te isotopes except’Te and!?Te. In addition, sev- lying levels, and the two-step cascade spe¢frd, from
eral elemental partiay-ray cross sections are reported for thewhich the percentage of the two-step cascade intensity of
stable Te isotopes except f&°Te. The summary of previ- unresolved weak transitions can be extracted. These proce-
ously published thermal neutron cross sections is given imlures can be checked by means of the heavy tellurium iso-
Table |. These values were measured by means of activatidopes,*?Te, 128Te, and**°Te which can be normalized via a
[1-6] and pile oscillatof{7] techniques. Besides these mea-3 decay. A good agreement for all three isotopes between
sured values, also compiled values given in the BNL atlas ofthese two normalizations validate our procedure of normal-
neutron cross sectiori8] are shown in this table. ization of the light tellurium isotopes.

In the present work we used a combinatiomeafay emis- Partial y-ray production cross sections for the strongest
sion probabilities per capture, or absolyteay intensitied,,  lines of each major contributing isotope of almost all ele-
determined in(n, ) measurements with highly enriched tar- ments have been determingdi9,2Q at the old Budapest
gets, and elemental partigkray production cross sections PGAA facility [21]. The relevant value for Te was 22 b
(r‘fy'em of a natural Te target for the determination of the totalfor the 603 keVy-ray from the'?Te(n, y) isotope[19,20.
neutron capture cross sections of tellurium isotopes. However, its large uncertaintidue to low counting statis-

The experiments with the enriched targets were performetics) was not good enough for our purpose. Therefore, it was
at the thermal neutron facility iiReZ [12]. The 1®Te(n,y)  necessary to remeasure this number with substantially higher
experiments were performed at PSI, Villigen, Switzerlandprecision and provide partial cross section values for at least
[13]. Absolutey-ray intensities per neutron capture were de-one y line from each of the other Te isotopes as well.
termined using two methods. In the cases®Te [14] and The neW(r‘;'emvalues for Te were determined by using the
130Te [15], the knowny intensities of lines following thg  internal standardization methd@2,20d. The measurements
decay of the produced isotopes were applied for the calibravere performed at the new cold neutron PGAA facili§g]
tion. In other cases we made the assumption that the olef the Budapest Research Reactor. The neutron flux on target
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TABLE I. Summary of published thermal neutron cross sections of tellurium isotopes leading to ground and metastable states in barns.
Note that the products without index label the total thermal neutron cross secfiths

Target Product Serdfl] Pom52[7] Gvo59[2] Seh62[3] Man62[4] Ric68[5] Max69[6] BNLS1[8] Hon93[10] Alp95 [11]

1221¢  1237¢ 2.79) 3.45)%

1237 gm 1.1(5) 0.443)
1247¢  125Tg 6.513) 6.813)

1257 gm 0.04Q25) 0.04Q25) =1.0 1.127)
1251 126T¢ 1.4915) 1.5516)
126re 1277 0.7719 1.0415)

127Ted  0.7916) 1.034155) 0.9q15)

12frem  0.07315) 0.13523) 0.0636)
12817 1297¢ 0.33) 0.2158)

1297e9 0.13327) 0.17827) 0.2048)  0.20Q8)

129T1em  0.0153) 0.01617) 0.01%1) 0.0272)
1301e  1317¢ 0.53)

1BITed  0.22244) 0.276) 0.16124) 0.268) 0.276)

1BITeM  <0.0083) 0.041) 0.021)

dUpdated value is 3(9) b, see Ref[9].

amounted to %X 10’ cm™ s, 25 times higher than that of CombiningReZ and Budapest results, one can calculate

the old guided thermal beaf21]. the thermal neutron capture cross sections for the tellurium
We accumulated artn, y) spectrum of 0.312 g natural isotopes from the absolutg intensitiesl, (i.e., emission

tellurium-oxide powder to determine the relative intensitiesprobabilities per captujend the new elemental partiglray

of gamma rays in the natural Te. The sample was packed ioross sections—'iIem measured at Budapest using the equation

a thin Teflon bag and had dimensions ofX 77X 1 mn?. It

was placed in the PGAA sample holder and irradiated for clem

about 230 000 s. o =2y
In separate experiments with 0.194 g natural tellurium- g x

oxide dissolved in 2.151 g 20 mol % hydrochloride a¢id _ . .

contrast to the 1000 ppm ?CP standard )l/Jsed in F{éﬁs2((]]), wheredis the natural abunda_nc_e of the given !SOt@pﬁ]‘

we redetermined the elemental partiatay cross section for In order to reducg the statistical uncertainties the total

the 603 keV transition from th&3Te(n, y) reaction. The so- capture cross sections,, were obtained as averaged val-

lution was kept in a thin-walled cylindrical Teflon container. ues from at least three different lines for each isotope.

Two (n, y) spectra were accumulated for about 74600 s anJhese Weé_ghed a;/eretgjzeosoar? sumtmarlz_ed_llnb'll'atl)llle 1. Al
1000 s, respectively. From the shorter experiment we cros&0SS sections refer t m/sneutrons in fabie 1.
Our new cross sections have smaller uncertainties than the

checked the hydrogen concentration of the solution relative . .
ydrog nes given in the BNL repof8] except fort?°Te and*?®Te.

to its chlorine content. We found that it corresponded to th h th I " i ith the BNL
nominal concentration of the 20 mol % hydrochloride acid. ' "¢ NEW the€rmal NEUlron Cross sections agree wi 1 €
report values within the given uncertainties except'féte.

From the longer experiment we determined ﬂf}?mfor the . . . X
12 . In this latter case the difference is quite large. As our values
603 keV **Te(n, 7) y ray using several comparatorrays come from a consistent set of measurement®e# and

35, H
from the Cl(n, y) reaction and the onlyy ray from the Budapest, it is reasonable to conclude that the new cross

IH(n, ) reaction. ‘ ;
The new elemental partial cross sections for the 603 ke\;ectlon value is the correct one.

124Te y ray calculated from each comparator line are listed in

Table Il. The unweighed average and its external standard TABLE Il. Determination of the elemental partial cross section
uncertainty is 2.908+0.049 b. Using the partial cross sectio®f the 603 keVy ray from the'*Te(n, 7)'*“Te reaction on natural
of the 603 keV and the relative peak intensities obtainede!lurium.

from the spectrum of the natural tellurium oxide, we have

(1)

’
|7

determined the elemental partial production cross sectionsComparator lines 603 keyray

for some of the most intenserays of the tellurium isotopes. Element E,(keV) o, (D)  Uncertainty(%)
We stress .that these values are independent from the en- H 2923 2912 115

ergy distribution of the neutron beam due_ to the Qépen- cl 517 2975 0.90

dence[20]. All Weﬂcottg factors are practically unity. The cl 787 2 838 057

only exception is*?®Te, which has the value of 1.013 at cl 1951 5912 0.98

300 K according to Ref[24]. Since this factor is unity
within the overall experimental uncertainty, it has been ne-
glected. #Sum of 786 and 788 keV peaks.

Cl 1959 2.906 1.14
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TABLE IlI. Calculation of thermal neutron capture cross sec-  TABLE IV. Isomeric ratiosoy, /o, for the odd Te isotopes.
tions using newy intensities and partial elemental cross sections.

Product Ref[27] Ref.[26]  This workk  Ref.[18]

Target y lines I oSem o BNL oy,

Y b
H%) (keV) %) (mb) (b)l; ®) i:e 0.173) 0.12320)
Ref. | e 0.16717) 0.13812
&Tsysg) %) 127Te 0.132°  0.1494)  0.15716)  0.0684)
el 12%7¢ 0.1248) 0.11X100  0.10810)
1221¢ 440 11.13) 11.4719) 4.0514) 1317g 0.0675) 0.0594) 0.0534)
[21'2]312) 58 19770 13;912216? ggg;g g;;ﬁgg “Calculated from the rati_o of the pop_ulation_ of the isomeric state to
’ ’ ' the sum of the populations of the isomeric state and the ground
15 Average 4.®) 3.9(5 state.
124T¢ 380 8.476) 25.17) 6.2517) :Deduced from the normalized populat.ions of the isomeric state.
47414) 427 6963) 201(2) 60&8) Calculated from the reported yleld ratld,n/oﬂy.
[16] 537 6.383) 17.713) 5.8%11)
693 6.274) 20.16) 6.7622)
6533  3.587) 949  5.685H 0.157+0.016, agrees well with a very recent result of Rei-
10 Average 6.0) 6.813 farth and Ké&ppelef26], 0.149+0.004. These recent works
1257 666 67.084 59.33) 1.256) support the lower ground state cross section valué-{@re
707115 695 65733 6.9431) 1.4910) obtained in our work.
[13] 754 14.67) 1322 1.287) Isomeric ratios calculated from. our measurements for the
other odd Te isotopes together with values reported in Refs.
6139  1.075) 0.8213) 1.0918) e . .
12 Average 1206 1.5516) [27_,2@ are given in Table IV. In the Iast_ column the isomeric
ratios from this work are compared with those published in
126Te 253  6.3(82 7.417) 0.623) Ref. [18], which had been based on the same experimental
18.8425) 473  8.9739) 9.0917)° 0.532) data. The differences are caused by different assumptions
[17] 543 5.323) 5.2740) 0.523) and approaches. The isomeric ratios reported in R&f.are
4081 11.1010) 12.517° 0.597) deduced from the normalized population of the isomeric
10 Average 0.5%) 1.0415) states. In that work normalized intensities used for calcula-
tion of the populations of the isomeric states'#iTe,*"Te,
12%Te 180  44.04 33717) 0.2417) and27Te lean upon the thermal neutron cross sections from
31.748) 359 7.608)  5.8247) 0.24%20) the BNL compilation[8]. On the other side, except for the
[14] 3703  10.31) 7.6666)° 0.23420) 123Te isotope, the values in this work are determined from
10 Average 0.28) 0.2158) the ratios of the total population of isomeric states to the total
opulation of the ground and isomeric states. Thus, the new
e 296 Arvd) 3832 02362 \eallies of the isomgeric ratios in this work do not depend on a
34.0862 2287 26.83) 2133  0.2334) used normalization procedure and any cross section. Uncer-
[15] 3347 3209 27.417) 0.25316) tainties in Table 1V reflect also possible differences between
6 Average 0.2€)  0.296) observed percentages of populations of ground and isomeric
aAbundances taken from ReR5). states. For thé?3Te isotope the estimation of this difference
"The systematic errafo?™was added in quadrature for evaluation iS around 20%. With respect to this large difference, the iso-
of the total uncertainty of the average. meric ratio reported in Table IV is determined from the
°A small contribution(3%) from the 122Te(n, y) reaction was sub- population of the isomeric state.
tracted. In conclusion, we have remeasured the partial elemental
A double escape contribution was subtradtéis +5)%]. (n, y) cross section of?°Te and determined accurate partial
®A single escape contribution was subtracf&rb +5)%)]. elemental(n, y) cross sections fol?2124:125126,128.13% for

the first time. Using previously determined emission prob-
abilities[13—-17 we inferred new total capture cross sections

. . . . . for these isotopes. We found a significant difference only for
Using the ratio of the population of the isomeric I1/2 12610 The new value is supported by several independent

state and the ground state, one can determine also the ISy rements of the ground state and isomer cross sections
meric cross section. The total thermal neutron capture cros[sil 17,26.

section of ?6Te mentioned above leads to a significantly

smaller value of the isomeric cross sectiomﬂ‘y The authors appreciate the support of the EU FP5 pro-
=0.086+0.013 b, than the value given in the BNL neutrongram (Grant No. HPRI-CT-1999-0009%nd two of the au-
cross section atlags], oﬂ"y=0.13510.023 b. On the other thors(T.B. and Zs.R.acknowledge the support of HAS. Fi-
hand, the present value of the isomeric cross section is conmancial support has been also received from the Grant
patible with the recently published value 0.0625+0.0056 bAgency of the Czech RepublidNos. 202/03/0891, 202/99/
[11]. It should be also noted that our isomeric ratio, DO87).
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