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Er-166, Er-167, Er-168, Er-170 Xs(n,y) are of great significance for
understandlng the pathways taken during the s process;

Cross Section(b)

* Er-162, Er-164 Xs(n,g) measurements can help to better understand the
results of relevant photonuclear reaction experiments.
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Incident Energ y(eV) Isotopes| Er-162 | Er-164 | Er-166 | Er-167 | Er-168 | Er-170
Y%at 0.139 1.606 | 33.503 | 22.869 | 26.940 | 14.910
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Experimental facility: China spallation neutron source (CSNS), mainly used for exp. study of neutron scattering;

Detection system: four C,D scintillator installed 76 m away from the spallation target;

Neutron flux: measured using a silicon monitor based on the SLi(n,a)3H reaction, energy range 0.5 eV+200 MeV;

Experimental time: a total of 105 h, natural erbium target @ 72h in beam power 50.5-51.5 kW;

Experimental targets: "3gr, "aC, 197Au.

TABLE I. Information of experimental targets.

Material

Formula Diameter Thickness Mass

nutEr

nat C

197Au

Er > 99.742% Gd=0.018% Tm <0.005%
Fe <0.050% Mg <0.050% Ni <0.050%
S5i=0.012% C <0.010% W =0.035% 50.000(£0.001) mm 1.000(£0.001) mm 4.565(%£0.001) g
Ca=0.023% Tb <0.005% Eu <0.010%

Dy <0.020% Sm =0.010% Yb=0.010%

C >99.900% 50.000(£0.001) mm 1.000(£0.001) mm 4.583(+0.001) g
Au >99.900% 30.000(£0.001) mm 1.000(£0.001) mm 13.768(+£0.001) g
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« Experimental error: exp. conditions uncertainty, data analysis method uncertainty, exp. statistical error;

TABLE III. The statistical error and systematic error of the experiment

o Meaning Value

Experimental conditions

o (Beam power) Uncertainty from beam power <1.98%
o(ly) Uncertainty from energy spectra above 0.15 MeV <4.50%
o(l) Uncertainty from energy spectra below U.15 MeV <38.00%
Data analysis
o (PHWT) Uncertainty from PHWT method <3.00%
o (Normalized) Uncertainty from normalized <1.00%
o (In beam) Uncertainty from counts of in-beam BKG <6.51%
o(T) Uncertainty from target parameters <0.10%

Statistical error
o (Statistic) Uncertainty from mathematical statistics <0.18%
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- New data shows good agreement with some evaluated and
experimental data;

- The experimental data results could be greatly improved with a
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ool | more accurate response function of the beam-line.
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* 50 + 80 keV:
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e " f° ' s N - Three set of experimental data are basically the same and alll

lower the evaluation database, good agreement with JEFF-3.3.
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» The only experimental data (EXFOR) for erbium natural element in the 1-100 eV energy region are:

- Haddan et al. (0.1-1.2 eV), TOF, liquid scintillator, 1963;
- X.X. Li (2-100 eV), TOF, C.D, scintillator, 2021.
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TR TaE e « 42 + 50 eV: R matrix program fitting shows that
Experimental Data of s Worl T gy T .
— Theoretcal values From R-Matix — 165 — 16y the two nearby faint bumbs to 45.846 eV (due to
—— Data from ENDF/B-VIIL0 166, 170,

Er-162) are not real resonance;

©

« 505 + 69 eV: Er-162 should have weak
resonance peaks at 51.4 eV and 67.8 eV
(ENDF/B-VII.0), no obvious resonance structure
found in experimental data.
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| | | * 90 + 100 eV: three narrow resonance of Er-167
_ A i and a wide resonance of Er-170. Surprisingly the
£ = e Er-170 contribute seemed to widely off

S R e s Y 9 * Recommend a separate further measurement of
Incident Energy(eV) the Xs(n,g) of Er-170
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TABLE IV. Resonance parameters exiracted from the R-matrix analysis of experimental data
ENDF/B-VIILO

Epgernens(®V)  Eicwoane(€V)  Mass  abundance (%) [ 1 I o T(meV) T,(meV) T (meV) I,imeV)
600 573 162.00 0.139 000 000 0350 LOO 103.12 036 100.00 033
6.00 16700 22868 350 000 300 044 9561 032 10300 2069
775 162.00 0139 000 000 050 100 9946 058 10000 0.60
795 794 16700 2280 350 000 400 056  89.62 012 9880 0.17
. . 7585 164.00 1606 000 000 050 100 8469 059 9600 075
9.20 939 16700 2230 350 000 300 044 6738 930 8830 920
* The resonance peak of natural erbium in the energy [ s lawm i b o om b e Ik wm  im
15.55 15.55 16600 33503 000 000 050 10O 8861 193 9400 220
. . . . 2029 162.00 0139 000 000 050 100 10042 528 10000 530
reg IoNn O - e IS most y coO ntrl ute y r- an I- 0= 022 16700 22869 350 000 400 056 10038 452 8800 162
21.98 2198 16700 22860 350 000 300 044 12311 140 8700 130
- - N 26.27 26.27 167.00 22869 350 000 300 044 10222 108.60 92.00 94 86
162 although thelr abundance IS not the Iargest 27.41 2741 167.00 225869 35D 000 400 056 11609 9.96 8400 1049
’ ’ 3042 3046 164.00 1606 000 000 050 100 10442 235 9600 410
3288 3258 16700 22869 350 000 400 056 10878 677 9100 676
3482 162.00 0139 000 000 050 100 10519 313 10000 5.10
. . . . . s 16700 22869 350 000 400 056 12449 731 8200 711
39.44 16700 228360 350 000 300 044 13884 90.00 891
* Most of the discrepancies in the experiments that did not |z Wl e s 0w w0
4451 3. 162.00 0139 000 000 050 1.00 100.00 230
h 1 I d E l 6 2 . 4585 45.85 162.00 0.139 000 000 050 100 100.00 19.50
m atC ex p e Ctatl ons were re ate tO r- y 1961 149.61 164.00 1606 000 000 050 100 96.00 400
50.18 50.18 16700 22868 350 000 400 056 83.00 693
k0 53.60 16700 22869 350 000 400 056 9700 48.00
53.80 16400 1606 000 000 050 100 9512 96.00 230
- - - - 56.57 164.00 1.606 000 000 0350 LOO 10347 96.00 6.60
e Er-162 is the P nuclei in astrophysms_ Its resonance |* S 1M 013 0w 000 030 100 oS oo 200
59.92 5992 16700 22869 350 000 300 044 14333 9200 1486
. - e - - 6212 62.12 16700 22868 350 000 400 056 11834 85.00 569
Stru Ctu re |S Slg n |flcant fo r astro p hyS|CS |t WO u I d be 62.79 62.79 167.00 2869 350 000 300 044 11259 88.00 7.09
1 66.05 67.80 162.00 0.139 000 000 0350 LOO 10060 100.00 kRl
. . . . 9.40 69.40 16700 22869 350 000 400 056 12214 102.00 231
necessary to use the hlgh_purlty |Sot0pe Er_162 for flne 7179 7379 16600 33503 000 000 050 100 11132 7600 6500
7384 T34 167.00 22869 350 000 400 056 96.15 BR.00 569
. 75.69 75.69 167.00 22869 350 000 400 056 9333 8R.00 1.05
m eaS u re m e n tS an alyS I S 79.28 7928 167.00 22 869 350 0.00 3,[}(1 0.44 102.07 BR.00 1143
. 79.74 79.74 16800 26940 000 000 050 100 10032 5000 41.00
81.73 8173 166.00 33503 000 000 0350 LOO 12827 82.00 9350
8550 85.50 16700 22869 350 000 300 044 9006 88.00 142
9133 91.33 167.00 22 869 350 000 400 056 10012 BR.00 302
94.45 9445 16700 22869 350 000 400 056 8230 8000 1707
97.38 97.38 167.00 22 869 350 000 400 056 BR.77 BR.00 085
98.02 98.02 167.00 22869 350 000 400 056 8797 BR.00 021
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» This work has supplemented and perfected the vacancy in the measurement data of neutron capture cross
sections of the natural erbium in the 1-100 eV energy region;

» The results shows that Er-162, Er-164 and Er-167 isotopes have a greater influence on the resonance peak
of natural erbium in the 1-100 eV energy region;

+ Some experimental measurements of the resonance peak parameters and the ENDF evaluation database
are different;

* In particular, there are some possible weak resonance peak difference between the Er-162 isotopes
experimental measurements and evaluation database;

* We recommended taking further experimental studies for the neutron capture cross sections of isotopes of
erbium, particularly Er-162 isotopes;

« More accurate neutron source energy spectrum and detailed background measurements can significantly
improve the neutron capture cross sections and nuclear astrophysics neutron capture rate research.

M X.X. Li et alt results — New exp. measurements of nat. erbium(n,y) cross sections between 1-100 eV, 2020 nTOF



