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Neutron capture resonances in**Nd and *Nd
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The neutron capture cross sections'®Nd and **“Nd which were determined recently with the Karlsruhe
41BaF, detector have been reanalyzed at low energies. The parameters of 52 resondfités and of 78
resonances in*Nd were extracted by means of a shape analysis program, yielding a more reliable determi-
nation of the averaged cross sections below 20 keV. This study confirms the previously reported stellar cross
sections, so that the-process study based on these data remains unchdi8f#ib6-28138)03706-9

PACS numbefs): 25.40.Lw, 26.20+f, 27.60+j, 98.80.Ft

I. INTRODUCTION ment, that is especially important, since stellar model calcu-

lations indicate that most of the process proceeds via the

The experimental situation of neutron re in neo- ) )
ne experime Fa s.tuato 0 eu.t N .captu € €0 13C(a@,n)*%0 reaction at thermal energies of 10 keV or less
dymium isotopes is quite peculiar. With six reported mea-

surements per isotope, neodymium is one of the most fre[-6’7]'
guently investigated elements. However, for each isotope the
individual results differ by factors of 2—3]. Hence, a reli-
able set of cross sections is urgently required $erand
r-process studief2]. Experiment and data analysis have been described in de-
In an attempt to improve the experimental data, the neutail in Ref. [2]. Continuous neutron spectra were produced
tron capture cross sections of the six neodymium isotopesia the “Li( p,n)’Be reaction using the pulsed proton beam
HoNd, °Nd, Nd, Nd, *&Nd, and 18Nd were mea-  of the Karlsruhe 3.75 MV Van de Graaff accelerator. Cap-
sured using the KarlsruhemBaF, detector for registration ture events were registered with the KarlsruheBaF, de-
of capture event$2]. Compared to previous results, a five tector[8] with a time resolution of about 1 ns. The samples,
times better accuracy could be achieved for the stellar crosgnriched to 95.5% in“*Nd and 82.1% in**Nd, were lo-
sections akT=30 keV, and, for the first time, reliable val- cated at a neutron flight path of 78 cm. The sample mass was
ues were also obtained at lower temperatures for a comple®0 and 7.4 g, and the thickness 6.3 and>&18° Ab,
set of isotopes. With these data th@rocess abundances of respectively. Four runs were perfpr'med with differe'nt maxi-
the neodymium isotopes could be described quantitatively. MUM neutron energies and acquisition mofils All time-
In this study, the differential capture cross sections of°!-flight (TOF) spectra could be analyzed down to a mini-
142\d and “4Nd were measured with sufficient resolution MUm neutron energy of 3 keV, but the run with 200 keV

that single resonances could be resolved up to about 20 ke aximum neutron energy was omitted in the present analysis

neutron energy. Despite this feature, the stellar cross sectiofs < to its smaller signal to background ratio at low energies.
9y- P ’ After summation of the capture yields from the three

were first determined by averaging the observed Capturgy o runs, the resulting TOF spectra were analyzed with the

yieId. [2]'. This simplification_m_ay be justified to good ap- FANAC code[9] in the same way as described fofBa[3].
proximation according to a similar study dfBa[3]and on g global input parameters like strength functions or

three tin isotopep4]. On the other hand, the cross section atycjear radii were the same as in the calculations of the
these low energies could be affected by the treatment of g jiiple scattering and self-shielding corrections described
significant background due to the capture of scattered neyp Ref. [2]. Known neutron widths of- and p-wave reso-
trons. The isotopes*INd and **Nd are particularly sensi- nances as well as resonance spins were adopted from the
tive in this respect due to their extremely largevave  JENDL-3 evaluatior10].
strength function, that is exceeded only by a few isotopes in  The TOF measurement of the neutron energy is deter-
the mass range arourd=50[5]. Therefore, the response of mined by the pulse width of the proton bedth7 ng, the
the experimental setup to scattered neutrons is rather criticéilme resolution of the 4BaF, detector(0.5 ng, and the
for a reliable determination of the comparably smally)  sample thicknes$4.6 mm, resulting in an average resolu-
cross section of*Nd. tion in neutron energy of-55 eV at 10 keV,=35 eV at 7

The present work deals with a reanalysis of the cross sekeV, and £23 eV at 5 keV. Thus, the shape of the very
tions reported in Ref.2] by means of a shape analysis pro- broads-wave resonances is to a large extent determined by
gram for determining the resonance parameters. From theglee experimental resolution which means that it was not pos-
parameters new and more reliable data for the low energgible to derive the individual resonance paramelgrer I,
part of the stellar cross sections were derived, an improvedirectly from the present experiment. Instead, the resonance

areaA,=gl’, ", /(I',+T',) was determined in the fits.
If no information onI’,, is available, the average neutron
* Author to whom correspondence should be addressed. width can be calculated via the relatiphl]

Il. EXPERIMENT AND DATA EVALUATION
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NEUTRON CAPTURE RESONANCES IN*2Nd AND #Nd

TABLE |. Areas of capture resonances ffNd.

Resonance energkeV) g | gr,@ Resonance aréa(meV)
Ref.[10] This work (meV) This work Ref.[5] Ref.[10]
3.271 3.277 1 64 24.6 2.7 15 25.1
3.382 3.391 0 343 56.6 4.8 38 38.2
3.996 3.993 0 828 51.9 5.2 47 45.6
4.145 4,142 1 85 20.6¢ 3.1 22 285
4.510 1 1 27 1.8 13.0
4,532 4.540 0 7572 49.5 6.6 44 425
5.063 5.054 2 1 78 39.4 2.6 40 41.1
5.156 5.152 2 1 90 38.% 24 47 44.3
5.426 5.414 2 1 98 50.& 2.7 50 45.9
5.491 5.47% 0 3305 50.7+ 5.1 41 39.6
5.958 5.95fF 1 1 38 7.F 3.7 17.9
5.982 5.965 0 1437 455 4.6 44 42.6
6.236 6.225 2 1 122 51.6 3.0 58 50.9
6.927 6.905 0 575 69.5 7.5 47 45.8
6.955 6.935 1 1 72 23.3+ 4.8 18 26.6
7.246 7.217 0 548 50.6 4.2 45 43.8

7.627 0 600" 82.1+ 4.9
8.261 8.231 0 533 394 2.2 32 31.0
8.423 8.392 0 1944 51.5 2.6 45 43.5
8.806 8.767 2 1 284 71.2 2.0 64 56.6
9.019 8.974 0 192 123.8 2.7 47 53.3
9.840 9.79% 2 1 290 59.1+ 5.6 70 61.6
9.885 9.84F 0 11840 84.1+ 8.9 64 61.9
10.15 10.11 2 1 540 84.2 3.9 78 70.9
10.30 10.24 1 1 66 30.6+ 3.3 16 25.1
10.96 10.91 0 10540 516 5.0 43 41.6
11.14 11.09 2 1 90 51.4+ 3.4 46 43.8
11.26 11.26 1 1 109 31.9+ 3.4 27 31.1
11.49 11.42 1 210 39.6 3.6 36 36.4
12.94 12.86 2 1 526 86.4 6.3 84 75.9
13.45 13.37 2 1 96 59.9+ 5.7 49 45.4
13.52 13.46 0 4282 98.4+ 16.5 84 81.3
13.66 13.58 0 89450 134+ 16 234 226.2
14.27 14.18 1 190 46.4 6.3 35 35.8
14.49 14.40 2 1 112 60.5 5.6 55 48.9
14.99 14.9% 1 1 52 10.£ 10 22.5
15.07 14.98 1 174 68.6 6.4 68 58.4
15.46 15.36 0 12890 432+ 4.4 43 41.6
15.66 15.56 1 106 67.x 3.2 53 47.7
15.94 15.83 1 254 68.6 3.6 87 75.0
16.26 16.15 0 54290 56.1+ 7.6 91 88.0
16.36 16.2% 2 1 346 70.1+ 5.6 82 72.3
17.07 16.96 1 1360 76.2 3.8 89 835
17.36 17.24 1 114 61.8 3.5 56 49.6
18.09 17.95 1 351 453 4.8 40 39.3
19.09 18.9% 2 1 280 76.3+ 5.5 77 67.2
19.27 19.1% 1 1 103 16.7+ 9.2 26 30.5
19.37 19.23 0 46580 77.2¢ 13.8 78 77.7
19.63 19.48 1 1 78 57+ 4.2 20 27.8
19.96 19.8F 2 1 106 52.8+ 4.1 53 47.7
20.23 20.08 2 1 212 89.9+ 4.7 100 87.4
20.48 20.4fF 2 1 144 81.2+ 4.4 50 46.0
20.66 70 60.2
20.83 20.7F 1 1 85 257+ 4.1 21 27.9
20.90 23 29.0

avalues forg, |, andgl’,, adopted from the JENDL-3 evaluation.
A =g\, /[(T,+T,).
‘Resonance energy was taken as fixed parameter.

dAdopted value.

®Adopted as fixed parameter from RgE2].
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TABLE II. Areas of capture resonances tNd.

12 427+ 7.9
120 40.1* 7.4
1309 27.6f

61820 89.9+ 14.7
1409 109.3+ 10.1

12.45 1

12.65 1

13.14° 1
13.24 13.23

13.38° 1

Resonance energkeV) g | o', 2 Resonance aréa(meV)
Ref.[10] This work (meV) This work Ref.[5] Ref.[10] ©
2.762 2.776 0 4091 1116 7.9 63 61.0
2.955 2.958 1 1 60 24.9 2.1 13.5 24.4
3.063 1 1 44 3.0 21.2
3.293 1 1 45 4.2 215
3.538 3.553 0 15940 456 9.1 43 41.6
3.631 1 1 42 1.0 20.7

3.677 1 1 a4 244+ 3.2
3.749 3.752 0 1386 47.1*+ 10.3 26 25.1
3.762 3.766 1 1 55 28.2 5.6 11 235
4.239 4.240 1 1 54 28.8 3.2 10 23.2
4.598 4.611 1 1 130 429 3.6 29 31.1
4.738 4.748 0 305 79.% 95 28 27.3
4.929 4.93F 0 24370 83.2+ 12.6 67 64.8
4.954 4.96% 1 1 207 49.4+ 8.1 34 34.2
5.147 5.148 1 1 74 35.6 3.3 19 26.4
5.648 5.660 0 3398 68.6 10.9 39 37.7
5.843 5.862 1 1 85 67.% 6.2 22 27.7
6.106 6.106 0 13530 85.9+ 18.6 62 59.9
6.138 6.12F 1 1 100 36.2+ 10.5 25 29.0
6.747 6.73C 1 1 74 257+ 7.6 19 26.4
6.778 6.778 2 1 116 47.3 55 48.1
6.788 6.788 0 48300 94.7+ 22.1 45 43.6
7.017 7.02F 2 1 71 59.6+ 10.9 36 38.1
7.048 7.05% 0 3477 64.0+ 16.6 35 33.9
7.173 7.178 1 1 63 335 55 15 24.9
7.400 7.398 1 1 140 63.8 3.3 30 31.7
7.473 7.516 0 5195 50.1+ 5.4 36 34.8
7.812 7.815 1 1 94 53.6 2.8 24 28.6
7.960 7.944 1 1 57 28.% 3.4 12 23.9
8.186 8.196 0 14370 98.3+ 10.0 55 53.2
8.226 8.22% 1 1 81 12.8+ 6.1 21 27.2
8.401 8.403 1 1 100 449 3.1 25 29.1
8.846 8.84F 0 3138 53.3+ 14.3 39 37.7
8.857 8.86% 1 1 85 49.8 22 27.7
9.115 9.118 1 1 120 64.3 9.0 28 30.6
9.239 9.236¢ 1 1 89 22.4 23 28.1
9.296 1 1 52 9 22.9
9.342 9.33¢ 1 1 106 47.6+ 15.1 26 29.6
9.372 9.368 0 36290 45.6+ 15.0 36 34.8
9.530 9.544 1 1 61 91.2 95 14 24.6
9.557 2 1 66 32 36.5
9.735 9.740 0 47930 1054 17.1 77 745
9.956 9.94% 1 1 133 82.9+ 7.6 19 26.4
10.04 10.0Z 1 1 64 48.5+ 8.0 21 27.2
10.12 10.1F 2 1 150 126.5+ 8.0 61 52.5
10.71 10.69 2 1 66 55.8 73 36.7
10.71 10.69 0 58500 115.3+ 12.2 46 445
11.24 11.2% 0 18590 117.2+ 10.0 64 61.9
11.39 11.46 2 1 120 79.7+ 7.1 60 51.7
11.64 11.64 0 15930 68.1+ 11.5 31 29.9
11.72 11.7% 1 1 53 39.1+ 7.9 33 23.6
12.07¢ 1 1 100 485+ 6.8
12.18 12.19 0 4322 64.5+ 9.8
1
1
1
0
1
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TABLE II. (Continued).

Resonance energkeV) g I o', 2 Resonance aréa(meV)
Ref.[10] This work (meV) This work Ref.[5] Ref.[10] ©
13.58 13.56 0 14180 123.8+ 13.2

13.83° 1 1 150¢ 425+ 8.4
14.00 13.98 0 41000 92.1+ 15.1
14.48 14.47 0 2017 104.5 11.8
14.82¢ 1 1 150 42.9°
15.00 1 1 184 106.1+ 9.4
15.24 15.25 0 2270 94.7 9.3
15.50 2 1 185 126.7+ 9.2
15.82 1 1 200 113.5+ 11.0
16.18° 1 1 180¢ 78.0+ 13.2
16.32 16.36 0 58710 194.5+ 22.8
16.72 16.76 0 26200 93.8+ 19.4
16.83 16.82 0 33900 108.1+ 20.5
17.33¢ 1 1 200¢ 842+ 12.7
17.54 17.52 0 10840 117.2+ 15.0
17.57¢ 1 1 200¢ 82.3f
17.98¢ 1 1 210¢ 102.5+ 12.2
18.19 18.18 0 8432 146.1+ 23.0
18.30° 1 1 220¢ 735+ 16.6
18.43 18.50 0 40830 177.6+ 17.7
18.95 1 1 246 98.0+ 11.5
19.20 1 1 246 102.7+ 11.5
19.41 19.48 0 28590 104.6+ 18.2
19.63¢ 1 1 260¢ 88.5+ 13.8
19.90 1 1 260 104.3+ 11.1

avalues forg, |, andgl’,, adopted from the JENDL-3 evaluation.

A, =gl ', /(Ty+T,).

‘Capture area gp-wave resonances calculated with an average capture width of 41 meV.
dcalculated according to EqR); g and| arbitrarily set to unity.

®Resonance energy was taken as fixed parameter.

fAdopted as fixed parameter from REE2].

95(T 2 )13= 11395035 VEv,(E), (1)  '*Nd this information exists up to 11.7 keV. At higher en-
ergies, thegl",, were calculated according to E@) and the
where the quantitieg, D, S, v, andv, denote the statistical g values were arbitrarily set to unity. The systematic uncer-
weight factor, the mean level spacing, the strength functiontainties due to lacking neutron widths agdvalues can be
the number of possible channel spins, and the penetrabilitijeglected in the present study.

factor for the respective orbital angular momertaFor In a first step the energies of well isolated resonances
p-wave resonances, this expression reduces to were determined. The comparison with a recent high resolu-
) tion experiment by Gub€f12] showed that the energy dif-
)= JE (kR) 2 ferences are linearly increasing with resonance energy.
9(Tn)1=DsSVE———. 2) are 1r
1+ (kR) Hence, this relation was used to calculate the resonance en-

ergies for all unresolved multiplets consistent with the en-

The reliability of the resonance areAs depends on the ergy scale of Refl12]. These energies were then adopted as
available experimental information on neutron widths andfixed parameters in the fits. In the second step, all resonance
spins. For the two neodymium isotopes under consideratioareas were determined. These results are given in Tables |
the situation is much more favorable compared to the previand Il; the preliminary data of Guber can be found in Ref.
ously investigated tin and barium isotopE&4]. As dis- [13]. For a few exception& cases in*Nd and 6 in1*Nd,
cussed in these references, the systematic uncertainties of thestly for p-wave resonances close to swave resonange
resonance analysis depend on the quality of the availablthe p-wave areas of Refl12] were directly used as fixed
s-wave neutron widths. These data are most critical folinput parameters to obtain a more reliable fit of the nearby
144Nd due to its larges-wave strength. For both investigated s-wave resonance. The quoted statistical uncertainties are
isotopes the neutron widths of alwave resonances are pro- those provided by the FANAC code. The experimental cap-
vided by the JENDL-3 evaluatiofil0]. For p-wave reso- ture yield of 1*Nd and the FANAC fit are compared in Fig.
nances algg andgl",, values are known fot*Nd while for 1, the respective figure fol*Nd can be found in Ref13].
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iy ALY \ o FIG. 2. Sum energy spectra of capture events in fiNd
o gk Ul Yo7 Sy Ty Wi Tl Wy sample and in thé°®Pb scattering sample illustrating the proper

| ! 3 correction of background from scattered neutrons and from isotopic
impurities. The data refer to 1 run of the experiment and the neutron
energy range from 10 to 20 keV. The region marked by arrows was
used for evaluating thé*Nd cross section.

CAPTURE YIELD (mb)

areas scatter by more than a factor of two. There seem to be
several systematic effects involved which cancel out in the
sum. The most prominent examples are the resonances at
3.382, 9.019, 13.66, and 16.26 keV. The resonance areas of
the first 2 resonances, which exhibit very small neutron
widths, are systematically larger by 50 to 100% compared to
the values of Refg5,10,13, whereas the areas of the two
other resonances, which have very large neutron widths, are
lower by nearly a factor of two. These discrepancies for
2 E s-wave resonances might arise in experiments using long
01;' ' - = 2_0 flight paths and the pulse height weighting technique due to
problems with the neutron sensitivity and/or with the weight-
NEUTRON ENERGY (keV) ing function in case of resonances with very hard capture
FIG. 1. The neutron capture yield 6#%Nd and the correspond- ¥-ray Spectra. Though these problems have been widely dis-
ing FANAC fit. cussed in the past they seem to persist, in particular in case
of neutron magic nuclei such a¥?Nd, which are likely
The gaps in the data correspond to energy intervals withowthowing hard capture-ray spectra.
significant resonances. The comparably strong resonance at 7.627 keV is not
If the resonance energies are compared with the valudisted in the older data, but has also been found by Guber
given by Mughabghalet al. [5], JENDL-3[10], and Guber [12]. Adopting theirs-wave assignment and assuming a neu-
[12], one finds that around 4 keV all data sets agree on awron width of 600 meV according to the similar shape com-
erage to better than 6 eV fdf°Nd and to better than 10 eV pared to neighboring resonances vyields a resonance area of
for 14Nd. With increasing energy, there are linearly increas-82.1+4.9 meV. However, even an extreme neutron width of
ing differences. At an energy of 15 keV, these differences8000 meV, estimated via Ed1), has little impact on the
have reached valudi the order of the above citationsf resonance area, which then reduces to 76.2 meV.
30, 100, 50 eV for'*®Nd and of 0, 0, 60 eV for}*4Nd, In the case of'*Nd the situation is more complex. The
respectively. These deviations are compatible with an uncesum of all presenp-wave ands-wave areas are 60% and
tainty of ~1 mm in the flight path of the present experiment 70% higher than the respective values in the compilations of
which translates into a 40 eV uncertainty in the resonancélughabghaly5] and JENDL-3 10] which are both based on
energy at 15 keV. The large discrepancy with respect to théhe experiment by Musgrovet al. [14], indicating a severe
JENDL-3 data for**aNd is somewhat surprising since the normalization uncertainty. Compared to the work of Guber
data sets of Ref$5,10] are based on the same experimental[12] our results are systematically higher by 10% for the
results[14]. p-wave, but 33% for thes-wave resonances in the range
As far as the resonance areas are concerned there is gobdlow 15 keV. Here again differences up to a factor of two
agreement for th@-wave resonances dfNd. The sum of occur for individual resonances but—in contrast to
all p-wave areas obtained in the various experiments agree¥Nd—both types ofs-wave resonances, with very low
within 4%, and the scatter of individual resonance areas is iffe.g., at 2.762, 3.749, 4.738, 14.48 Re¥nd very high
most cases less thah20%, compatible with the statistical (6.788, 9.735, 10.712 ke\heutron widths are higher in the
uncertainties and with the fact that the limited energy resopresent experiment. There is no clear correlation with the
lution of the present experiment hampers the separation afeutron width, however, since other resonances in both cat-
multiplets. egories agree reasonably well.
For thes-wave resonances if*Nd the situation is dif- Due to the very largs-wave strength function of*/Nd,
ferent, however. Though the sum of sllvave areas exceeds the cross section is dominated by resonances Wijta 10
the value of the other data sets by orlyr%, the individual eV. Therefore, the prompt neutron sensitivity of the experi-
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TABLE lIl. Averaged capture cross sections YfNd and *4Nd.

Neutron energy Capture cross sectiamb) 2

142Nd 144Nd
(keV) This work Ref.[2] Ref.[12] This work Ref.[2] Ref.[12]
3-5 109.4+ 55 74.7+ 25° 90.8 205.5+ 12 255.9* 35 186.6
5-7.5 118.7+ 3.5 93.0+ 9.0 121.6 176.0- 10 207.8*+ 14 149.5
7.5-10 96.6+ 2.3 80.4+ 53 77.5 158.9+ 6.6 179.3+ 8.1 120.8
10-12.5 448+ 1.4 41.8* 3.4 44.2 120.6- 4.2 110.6*= 4.8 90.8
12.5-15 68.2+ 3.3 62.2* 2.6 70.9 93.3t 4.0 86.7x 35 78.4
15-20 346+ 1.0 350* 1.3 99.2+ 3.1 96.9+ 1.7

4ncluding statistical uncertainties.
®This energy bin was not used in the evaluation of Maxwellian averaged cross sections [ia]Ref.

mental setup has to be carefully considered. In the presefng] (see Table IlJ. This confirms the proper treatment of the
analysis, this problem is controlled in three wa§i$:Due to  background due to scattered neutrons, which is comparably
the short primary neutron flight path of 78 cm and the addidarge at low energies. For two entries in Table 1Hf3Nd,
tional 10 cm distance between the sample and the individu&—7.5 keV and 7.5—-10 ke\the difference with the previous
modules of the 4 BaF, detector, background from scattered analysis reaches thes2evel, but this occurs in regions with
neutrons is spread out over a large TOF interval that is defew resonances, where the large gaps between resonances
layed compared to the promptsignal from the respective were adding additional background to the first analysis.
resonancelii) The probability for capturing a neutron imme-  For 43Nd, excellent agreement is found with the data of
diately after scattering is properly considered by the FANACGuber[12]. The 25% difference in the interval from 7.5-10
code. (iii) Any differences in the capture-ray spectra of keV is almost completely due to thewave resonance at
individual resonances, that are difficult to consider in experi99.019 keV which has a 2.2 times larger area according to the
ments using the pulse height weighting technique, are autgresent experiment. In case 8fNd, however, there are sys-
matically accounted for in the # detector. tematic differences of up to 30% in the energy interval from
This is illustrated by they-spectrum of capture events in 7.5-12.5 keV, a region where broadvave resonances are
14Nd (Fig. 2 that was determined for the neutron energyclearly dominating the cross section.
range from 10-20 keV, where the cross section is dominated Based on the results of Table Il revised Maxwellian av-
by broads-wave resonances. The data of one of the experieraged cross sections for thermal energies between 10 and 30
mental runs are plotted together with the respective spectrurkeV are given in Table 1V together with the previous results
of the 2%%Pb scattering sample, demonstrating the reliabilityand the data of Ref15]. The differences between the first
of the background correction for scattered neutrons. In addianalysis and the present results are accounted for by the
tion to the scattering correction, which eliminates the pro-quoted uncertainties, which are now slightly smaller. The
nounced peak around channel 107 due to captures in the oddmparison with the cross sections of Guhedral. [15]
Ba isotopes of the scintillator, the correction for isotopic im-shows the same picture as for the average cross sections:
purities accounts for capture events #™Nd and *Nd,  perfect agreement fo¥*2Nd, but a significant discrepancy for
which are otherwise expected as a common line at channéf“Nd at low thermal energies, due to the problem with the
~90. s-wave resonances below 12.5 keV.

lll. RESULTS IV. CONCLUSIONS

The average capture cross sections calculated from the The improved analysis of the neutron capture cross sec-
resonance parameters listed in Tables | and Il agree withitions of 142Nd and 1*/Nd in the energy range from 2.8—20
the quoted statistical uncertainties with the previous analysikeV yielded the resonance areas of 52 and 78 resonances,

TABLE IV. Maxwellian averaged neutron capture cross section§*®id and **4Nd.

Thermal energy (ov)lvt (mb) 2

142Nd 144Nd
(keV) This work Ref.[2] Ref.[15] This work Ref.[2] Ref.[15]
10 65.1+ 1.9 60.1+ 1.9 65.8+ 2.9 147.0+= 45 153.1+ 45 1222+ 5.4
12 584+ 1.6 544+ 1.6 131.3+ 3.6 135.8+ 3.6
20 43.4+ 0.9 415+ 09 442+ 3.0 98.9+ 2.1 100.7+ 2.1 86.7* 6.1
25 384+ 0.8 37.1= 0.8 88.5+ 1.7 89.6x 1.7
30 35.0+ 0.7 34.0£ 0.7 36.6*+ 3.0 81315 821+15 732* 6.1

#Total uncertainty, but without the 1.5% systematic uncertainty of the gold reference cross section.
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respectively. The resulting averaged cross sections are mprocess studies based on the cross sections of Rei€]
good agreement with the first analysis which was based oare not affected.
the observed capture yields onlg]. This agreement con-

firms the reliable background subtraction in experiments

with the Karlsruhe 4r BaF, detector. The Maxwellian aver-

aged cross sections could be slightly improved for low The help of F.H. Frhner in using the FANAC code is
values but remain essentially unchanged. Therefore, thgratefully appreciated.
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