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Abstract

Neutron resonance parameters of the 82183184186\ jsotopes were obtained
by a resonance shape analysis of experimental data measured at the time-of-
flight facility GELINA using the REFIT code. In this document the analysis
procedures of capture and transmission data are described. The deduced res-
onance parameters have been adopted in the new release of the Joint Evalu-
ated Fusion and Fission file, i.e. JEFF-3.2, maintained by the Nuclear Energy
Agency of the OECD.

1 Introduction

Accurate knowledge of neutron induced cross sections of tungsten is important in different fields such
as nuclear astrophysics, neutron dosimetry, and fission and fusion technology. For instance, in fusion
devices tungsten is used as a structural material of plasma facing components due to its high melting
point, high thermal conductivity and high resistance to sputtering and erosion. Despite the importance
of neutron induced cross sections of tungsten, the status of the nuclear data is not satisfactory [1]. In
the last decade, several benchmark experiments have pointed out the deficiencies and discrepancies of
evaluated data files of tungsten isotopes. A rather recent evaluation in the fast neutron range by Capote et
al. [2] underlined that no significant improvement seems to be possible without new experimental data,
in particular in the resonance region.

Measurements in the resonance region are best carried out with a pulsed white neutron source
that is optimized for time-of-flight (TOF) measurements [3]. The TOF facility GELINA [4] has been
designed and built for high-resolution cross section measurements in the resolved (RRR) and unresolved
(URR) resonance region. It is a multi-user TOF facility, providing a white neutron source with a neutron
energy range from 10 meV to 20 MeV. Up to 10 experiments can be performed simultaneously at mea-
surement stations located between 10 m to 400 m from the neutron production target. The electron linear
accelerator provides a pulsed electron beam with a maximum energy of 150 MeV, a peak current of 10
A and a repetition rate ranging from 50 Hz to 800 Hz. A compression magnet reduces the width of the
electron pulses to less than 1 ns [5]. The electron beam hits a mercury-cooled uranium target producing
Bremsstrahlung and subsequently neutrons via photonuclear reactions [6]. Two water-filled beryllium
containers mounted above and below the neutron production target are used to moderate the neutrons.
By applying different neutron beam collimation conditions, experiments can use either a fast or a ther-
malized neutron spectrum. The neutron production rate is constantly monitored by BF3 proportional
counters which are mounted in the ceiling of the target hall. The output of the monitors is used to nor-
malize the time-of-flight spectra to the same neutron intensity. The measurement stations are equipped
with air conditioning to reduce electronic drifts in the detection chains due to temperature changes.

To improve the quality of the neutron induced cross section data of tungsten, transmission and
capture experiments on natural and enriched tungsten samples has been carried out at the GELINA time-
of-flight (TOF) during the last years. A description of the experimental conditions is given in the JRC
technical report JRC-78725 [7]. The data reduction procedures followed to produce the experimental
transmission and capture yield are given in ref. [7] as well.



Table 1: Characteristics of the samples used for the transmission and capture measurements performed at
GELINA. The first column is the reference number. The uncertainties are standard uncertainties
at 1 standard deviation.

Sample ID Main isotope  Area Weight  Areal density
mm? g at/b

TP2013-005-001 natyy 5026.55 5.17 0.00036
NP20120-12-08 natyy 2827.72 544.66 0.063094
NP2012-12-08 natyy 2836.44 276.34 0.031913
to be assigned natyy 6060.55 118.2 0.006389
TP-NP-08/08 natyy 5030.12  20.5345 0.001337
ORNL W-182n. 6 182yy 3421.19  48.2836 0.004670
ORNL W-182n. 1 182yy 3421.19  47.6547 0.004608
ORNL W-182n. 2 182y 3421.19  45.4032 0.004391
ORNL W-182 n. 4 182yy 3421.19  47.1538 0.004561
ORNL W-183 n. 4 183w 3959.19  45.645 0.003792
ORNL W-183 n. 1+5 183y 3964.08  93.66 0.007771
ORNL W-184n. 1 184y 3919.88  45.2854 0.003781
ORNL W-184 n. 4 18dyy 3780.88  45.6467 0.003951
ORNL W-184n. 5 184yy 3615.22  44.7428 0.004051
ORNL W-184n. 6 18dyy 3657.06  44.9424 0.004022
ORNL W-186n. 2 186y 3801.82  44.9424 0.003828
ORNL W-186 n. 4 186y 3760.99  44.7659 0.003854
ORNL W-186n. 3 186y 3758.24  45.8759 0.003952

This report summarize the resonance shape analysis which has been performed to deduce from the
experimental transmissions and capture yields resonance parameters of the different tungsten isotopes.
The experimental conditions are briefly recalled in section 2. In section 3 the resonance shape analysis
procedures are discussed. The resonance parameters are reported in section 4.

2 Experimental conditions

The transmission and capture measurements were performed using a moderated neutron beam of GELINA.
The measurement, data reduction and analysis procedures described in ref. [3] were followed.

Two different setups were used for the transmission measurements. The first one used the 50 m
station of flight path 4 with a 6.35 mm thick and 101.6 mm diameter NE912 Li-glass scintillator enriched
to 95% in SLi. The second one used the 25 m station of flight path 2 , which was equipped with a 12.7
mm and 101.6 mm diameter NE912 Li scintillator. The experimental transmission is given as the ratio
of the background corrected sample-in and sample-out spectra. More details about the 50 m and 25 m
measurement stations can be found in ref. [8] and [9], respectively.

The capture experiments were performed at the 12 m capture station of flight path 5 and the 60 m
capture station of flight path 14. In both setups the prompt ~y-rays created in the neutron induced capture
events were detected by cylindrical C4Dg liquid scintillators. The detectors were mounted at 125° with
respect to the direction of the incoming neutrons. The total energy detection principle in combination
with the pulse height weighting technique was applied. The weighting functions were determined by
Monte Carlo simulations as described in ref. [10]. The energy dependence of the neutron flux was
measured with a 9B ionisation chamber placed approximately 1 m before the sample.

The details of all the samples used in the experiments is given in table 1. The areal density was



Table 2: Coherent Scattering length and thermal capture cross section for the 182183184186y jsotopes.
The data were taken from refs. [22] and [23].

Isotope beon o
fm b
B2W  7.04(0.04) 19.9(0.3)
183W  6.59(0.04) 10.4(0.2)
By 7.55(0.06) 1.7 (0.1)
186y -0.73 (0.04) 38.1(0.5)

based on a measurement of the weight and the area. The latter was determined by an optical surface
inspection with a microscope measurement system from Mitutoyo. Both enriched and natural tungsten
sample were used in the measurements.

In the data reduction procedure the AGS code [11] was used. This computer program, developed
at the EC-JRC-IRMM, provides the full covariance matrix of the data reduction process, starting from
the uncorrelated uncertainties estimated by counting statistics. Within AGS uncorrelated and correlated
components of the covariance matrix are stored in vectorized form which allows for a very efficient
storage of the full covariance matrix. This procedure has been endorsed by the Nuclear Data Section of
the IAEA [12] for preparation and storing of experimental data in the EXFOR data library [13].

3 Resonance shape analysis

To extract the resonance parameters from the experimental data, the resonance shape analysis code RE-
FIT [14] was used. In this code the the Reich-Moore [15] approximation of the R-matrix formalism [16]
is used to derive resonance parameter from the experimental data. The code accounts for various experi-
mental corrections, such as resolution broadening, Doppler broadening, multiple scattering interactions,
~-ray attenuation in the sample, sample inhomogeneity [17] etc. The least squares method is used to find
the best model parameters. The numerical response function of the time-of-flight spectrometer has been
calculated using MCNPS5, following the description given in ref. [18].

Because of the rather poor agreement of calculations using the parameters in the evaluated data
libraries with the experimental data, it was decided to create a completely new starting file. The pro-
cedure for this starting file has been established and tested already for the evaluation of the cadmium
isotopes [9]. In ref. [19], a set of starting parameters was derived from combining the results of transmis-
sion measurements by Camarda et al. [20] and the capture measurement reported by Macklin et al. [21].
These data sets are in good agreement in the energy region where they overlap. Another constraint for
the resonance analysis comes from the measured coherent scattering length [22] and the thermal capture
cross section data [23]. In table 2 the values that were used for the present evaluation are given.

In the resonance shape analysis of the experimental data, an effective temperature and the free
gas model were used to account for the the Doppler broadening. The functional relationship between
effective temperature, room temperature and Debye temperature can be found in ref. [24]. According
to ref. [25], the Debye temperature for a Tungsten metals is approximately 400 K. The exact flight path
length of the transmission stations were fitted using transmission measurements of 23¥U, which were
analysed with the same response function as used for the tungsten measurements. The uncertainty of
the resulting flight path lengths is dominated by the uncertainty on the energy of the 6.673 (0.001) eV
resonance determined by Derrien et al. [26].

In a first step of the analysis procedure, the resonance energies and neutron widths I';,, were ad-

justed in a fit to the transmission data only. Whenever possible, the capture widths I', were determined
from the shape analysis of these data as well. In a second step, the energies of the resonances derived
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Fig. 1: Experimental capture yield (top) and transmission (bottom) resulting from measurements at
GELINA compared to calculations using the resonance parameters presented in this report and
the ones adopted in ENDF/B-VII.1 library.
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from the transmission data were used to determine the flight paths of the capture stations. Then the nor-
malization factors of the capture measurements were determined by using small resonances for which the
resonance parameters were uniquely determined in the analysis of the transmission data. These obtained
normalization factors were verified by additional measurements with Au, Ag and Fe samples. Finally,
the resonance parameters and their uncertainties were determined in simultaneous fits to the capture and
transmission data. Whenever possible the spin assignment of the resonance was checked. More details
on the analysis procedures and results will be available in the thesis of F. Emiliani [28].

4 Results

The result of a simultaneous least squares adjustment using REFIT to the transmission and capture data
is shown in fig. 1. The capture data were obtained at flight path 5 using sample TP2013-005-001. The
transmission data were obtained at flight path 4 using sample W-nat TPNP08-08. The experimental
transmission and capture yield are compared with the ones calculated with the parameters obtained in
this work and the parameters adopted in the ENDF/B-VII.1 library [29].

The resulting resonance parameters from a simultaneous analysis of all data are listed in tables 3-
6 for the 182:183,184,186yy jsotopes. The quoted uncertainties are standard uncertainties at one standard
deviation which result from only propagating the uncorrelated uncertainties due to counting statistics.
The average capture widths were calculated from the fitted values. The derived average values for all
the isotopes were then assigned to the resonances for which the experimental data were not sensitive
enough. Finally, the contribution of the resonances below approximately 1000 eV to the thermal capture
cross section and the coherent scattering lengths were determined. To match the literature values at
thermal energies (table 2) resonance at negative energies were introduced when required. The final
resonance parameters have been adopted in the new release of the Joint Evaluated Fusion and Fission
file, i.e. JEFF-3.2, maintained by the Nuclear Energy Agency of the OECD.
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Table 3: Resonance parameters (energy [, neutron width I, radiation width I',) for 182y

E. 1 r, r,
eV eV eV
4.144625 0 4942E-02 (6.E-05) 1.437E-03 (9.E-07)

21.078962 0 4.182E-02 (1.5E-04) 4.17E-02 (1.2E-04)

114.479984 0 5.6731E-02 0.2675E+00
157.490000 1 5.3E-02 3.26E-04 (1.5E-05)
213.036180 0 5.3E-02 2.58E-03 (1.3E-04)
248.655713 0 4.669E-02  (1.1E-04) 9.831E-01 (1.9E-03)
341.880533 0 5.3000E-02 6.17E-03 (3.0E-04)
376.580998 0 4.899E-02  (3.7E-04) 1.1907E-01 (6.8E-04)
409.116148 1 5.3E-02 9.6E-05 (2.6E-05)
428.962949 0 4.700E-02  (6.3E-04) 2.534E-01 (2.0E-03)
484781503 0 4.530E-02  (2.5E-04) 4.280E-01 (2.6E-03)
493.364461 1 5.3E-02 3.73E-04 (3.6E-05)
578.664806 0 4.236E-02  (6.5E-04) 3.0162E-01 (6.0E-03)
607.539249 1 5.3E-02 1.36E-04 (3.6E-05)
614.184145 1 5.3E-02 6.04E-04 (4.1E-05)
655.588719 0 4.187E-02  (7.0E-04) 1.435E-01 (1.9E-03)
663.448908 1 5.3E-02 7.6E-05 (3.6E-05)
670.576516 1 5.3E-02 5.83E-04 (4.3E-05)
687.483689 1 5.3E-02 2.31E-04 (3.7E-05)
719.257000 1 5.3E-02 6.6E-05 (5.6E-05)
720.210000 1 5.3E-02 6.51E-05 (1.2E-04)
721.352499 1 5.3E-02 1.67E-04 (5.2E-05)
759.887502 0 4.63E-02 (1.6E-03) 6.89E-03 (2.3E-03)
782.116607 0 2.25E-02 (1.8E-03) 1.03E-03 (1.6E-03)
858.359313 1 5.3E-02 8.44E-04 (5.8E-05)
863.513902 0 5.3E-02 8.84E-03 (2.5E-04)
907.414890 1 5.3E-02 3.32E-04 (5.0E-05)
919.292823 0 6.24E-02 (1.0E-03) 3.594E-01 (8.8E-03)
948.130693 0 6.50E-02 (6.4E-03) 2.254E-00 (4.8E-02)
1008.672509 0 4.734E-02  (7.7E-04) 4.731E-01 (1.1E-02)
1072.445160 1 5.3E-02 6.09E-04 (7.5E-05)
1095.671895 0 4.884E-02  (7.5E-04) 1.332E-00 (1.0E-02)
1137.860000 1 5.3E-02 3.03E-04 (7.0E-05)
1162.675511 0 4.563E-02  (7.6E-04) 5.028E-01 (6.6E-03)
1191.360000 1 5.3E-02 4 45E-04 (7.6E-05)
1269.555910 1 5.3E-02 4.51E-04 (7.7E-05)
1276.011625 0 3.33E-02 (2.1E-03) 5.10E-02 (4.6E-03)
1287.773290 0 4.37E-02 (1.1E-03) 1.042E-01 (5.6E-03)




Table 4: Resonance parameters (energy E,, neutron width I';,, radiation width I',)) for 184w

E, 1 r, r,
eV eV eV
101.942300 0 3.96E-02  (3.3E-03) 3.795E-03  (3.2E-05)
165.954500 1 5.7E-02 5.32E-05 (5.0E-06)
184.165500 0 5.304E-02 (1.0E-04) 1.1634E-00 (1.6E-03)
235.044500 1 5.7E-02 1.17E-04 (1.7E-05)
242946232 0 5.1E-02 (1.6E-02) 2.482E-03 (4.7E-05)
310.764500 0 4.026E-02 (3.4E-04) 8.216E-02  (5.5E-04)
423.337308 0 5.075E-02 (9.0E-04) 5.047E-02  (4.2E-04)
593.485000 1 5.7E-02 2.37E-04 (3.7E-05)
641297929 1 5.7E-02 5.10E-04 (4.7E-05)
674.052046 1 5.7E-02 7.74E-04 (4.9E-05)
681.716900 0 5.900E-02 (6.1E-04) 7.17E-01 (5.9E-03)
703.828600 0 5.7E-02 7.22E-03 (7.3E-04)
722.822876 1 5.7E-02 5.27E-04 (5.1E-05)
784.642700 0 8.92E-02  (7.9E-03) 1.904E-02 (9.7E-04)
799.890700 0 5.38E-02  (2.1E-03) 2.011E-00 (2.8E-02)
852.354264 1 5.7E-02 2.61E-04 (6.0E-05)
900.551429 1 5.7E-02 1.89E-04 (5.8E-05)
926.318141 1 5.7E-02 4.58E-04 (5.9E-05)
957.706300 0 7.06E-02  (3.4E-03) 1.228E-00 (3.9E-02)
999.197500 0 5.27E-02  (1.1E-03) 9.75E-03 (2.0E-03)
1085.756506 0 5.05E-02  (1.0E-03) 3.552E-00 (1.2E-02)
1092.858040 1 5.7E-02 1.06E-03 (1.4E-04)
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Table 5: Resonance parameters (energy E,, neutron width I'y,, radiation width I',)) for 150w

E, 1 r, r,
eV eV eV

18.827814 0 4.516E-02 (2.0E-04) 3.2521E-01 (2.3E-04)
171.008863 0 5.026E-02 (9.0E-04) 3.128E-02  (2.8E-04)
197.070000 1 4.0E-02 3.28E-04 (2.7E-05)
218.036757 0 4.500E-02 (1.4E-04) 5.292E-02 (9.3E-04)
286.967333 0 4.354E-02 (5.3E-04) 3.193E-02 (2.5E-04)
316.957000 1 4.0E-02 1.00E-04 (1.7E-05)
406.087302 0 4.323E-02 (3.5E-04) 9.759E-02  (7.6E-04)
456.465105 1 4.0E-02 2.87E-04 (2.5E-05)
510.071229 0 4.751E-02 (7.3E-04) 9.16E-02 (2.6E-03)
541.573451 0 5.001E-02 (5.9E-04) 5.036E-01 (7.1E-03)
655.060000 1 4.0E-02 5.59E-04 (3.8E-05)
663.564545 0 6.461E-02 (7.5E-04) 6.728E-01 (2.5E-03)
721.180163 0 5.436E-02 (6.3E-04) 1.9994E-00 (4.6E-03)
729.543186 1 4.0E-02 5.83E-04 (5.4E-05)
771.448230 1 4.0E-02 4.64E-04 (4.3E-05)
831.760853 0 5.24E-02 (2.0E-03) 3.220E-02 (7.3E-04)
855.383648 1 4.0E-02 3.84E-04 (4.6E-05)
964.571615 0 4.87E-02  (8.8E-03) 1.123E-00 (8.7E-02)
1012.383648 1 4.0E-02 2.14E-04 (5.1E-05)
1068.813241 1 4.0E-02 4.83E-04 (5.7e-05)
1071.877039 0 4.571E-02 (7.6E-04) 5.287E-01 (5.2E-03)
1122.291586 0 5.588E-02 (8.8E-04) 3.227E-01  (4.5E-03)
1188.200370 0 4.078E-02 (6.9E-04) 8.473E-01 (6.6E-03)
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Table 6: Resonance parameters (energy £, neutron width I',, radiation width I') for 183w

E. 1 ] r, r,
eV eV eV

7.634043 0 1 7.131E-02 (1.8E-04) 1.7541E-03 (1.7E-06)
27.057038 0 1 7.02E-02 (1.0E-03) 4.326E-02  (3.2E-04)
40.712995 0 1 7.48E-02 (2.0E-03) 2.006E-03 (1.8E-05)
46.274170 0 1 6.2998E-02 (9.4E-05) 1.6380E-01 (7.9E-04)
47901739 0 O 5980E-02 (1.7E-04) 1.226E-01 (1.1E-03)
65.391983 0 1 8.03E-02 (5.8E-03) 1.761E-03 (1.6E-05)
101.135466 0 1 6.412E-02 (3.3E-04) 1.1055E-01 (4.8E-04)
103.961887 0 0 6.55E-02 (8.4E-03) 8.36E-03 (2.8E-04)
138.008244 0 1 6.2E-02 3.538E-03 (8.6E-05)
144.327062 0 0 5.45E-02 (1.0E-03) 1.361E-01 (4.7E-03)
154.601270 0 0O 5.140E-02 (4.1E-04) 4.806E-01 (1.9E-03)
157.045867 0 1 6.50E-02 (1.1E-03) 5.441E-02  (5.5E-04)
173989152 0 1 6.087E-02 (6.7E-04) 6.105E-02  (5.7E-04)
192.219861 0 1 6.87E-02 (1.5E-03) 3.781E-02  (4.9E-04)
203.467209 0 1 6.2E-02 1.54E-03 (1.4E-04)
220.350963 0 1 6.2E-02 2.32E-03 (1.6E-04)
228.060016 1 2 6.2E-02 3.30E-04 (3.2E-05)
235272656 0 1 6.2E-02 5.56E-03 (1.8E-04)
240.334402 0 1 7.39E-02 (4.4E-03) 1.097E-02  (1.5E-05)
243723721 0 1 6.2E-02 3.02E-03 (1.9E-04)
258.813934 0 1 6.445E-02 (6.5E-04) 7.320E-02 (5.4E-04)
279.810225 0 1 5.983E-02 (3.2E-04) 1.7540E-01 (4.9E-04)
288.669155 0 1 6.2E-02 3.12E-03 (3.1E-04)
296.503251 0 1 8.58E-02 (3.1E-03) 2.694E-02  (3.0E-04)
322.066161 0 1 6.776E-02 (6.9E-04) 9.110E-02 (8.8E-04)
337275931 0 1 6.2E-02 6.97E-03 (3.4E-04)
347.768340 0 1 6.634E-02 (44E-04) 1.712E-01 (1.0E-03)
352939857 1 2 6.2E-02 5.19E-04 (4.5E-05)
360.668246 0 1 7.34E-02 (1.7E-03) 4.276E-02  (4.6E-04)
377.825362 0 1 5457E-02 (8.3E-04) 8.274E-02 (7.7E-04)
391.069999 0 1 6.25E-02 (2.3E-03) 3.210E-02  (5.0E-04)
418.037033 0 1 6.90E-02 (2.3E-03) 3.423E-02  (5.2E-04)
425.687658 0 0 6.46E-02 (2.1E-03) 9.84E-02 (1.8E-03)
429498370 0 1 5.56E-02 (1.1E-03) 5.566E-02  (9.5E-04)
460.132410 0 1 9.95E-02 (9.1E-03) 1.394E-02  (4.0E-04)
468.823928 1 2 6.2E-02 1.387E-03 (6.6E-05)
480.537704 1 2 6.2E-02 8.57E-04 (5.6E-05)
491.142261 1 2 6.2E-02 1.85E-04 (2.9E-05)
495728660 1 2 6.2E-02 1.082E-03 (6.1E-05)
510.269730 0 1 6.2E-02 6.06E-05 (7.6E-06)
512979980 0 1 6.2E-02 3.901E-03 (3.2E-05)
516.560000 1 2 6.2E-02 1.03E-04 (5.5¢-08)
534.612071 0 1 7.81E-02 (8.4E-03) 2.21E-02 (6.9E-04)
549.033844 1 2 6.2E-02 2.51E-04 (6.1E-05)
549780000 1 2 6.2E-02 5.6E-04 (3.6E-04)

Continued on next page ...
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Table 6 — continued from previous page

E. 1 ] r, T,
eV eV eV
551.203475 0 1 5.93E-02 (1.3e-03) 7.48E-02 (1.2E-03)
558.654562 0 0 5.350E-02 (8.2E-04) 2.1090E-01 (1.6E-05)
568.148490 0 1 8.69E-02 (6.9E-03) 2.815E-02  (8.6E-04)
571493137 0 0 4.86E-02 (1.3E-03) 2.041E-01 (3.8E-03)
580.000000 1 2 6.2E-02 1.48E-03 (1.4E-04)
588.167670 0 1 6.93E-02 (4.6E-03) 3.794E-02  (9.9E-04)
603.306178 0 1 7.21E-02 (1.6E-03) 9.06E-02 (1.5E-03)
608.770000 0 1 6.5E-02 (1.5E-02) 1.595E-02  (6.9E-04)
647.193547 0 1 6.56E-02 (1.2E-03) 1.607E-01 (2.1E-03)
676.433391 0 1 5.87E-02 (2.2E-03) 4.99E-02 (1.4E-03)
690.658271 0 1 8&.7E-02 (1.7E-02) 1.785E-02  (8.9E-04)
695.514364 0 0 5.97E-02 (1.6E-03) 8.374E-01 (9.0E-03)
701.022162 0 1 8.28E-02 (8.5E-03) 2.83E-02 (1.5E-03)
723.406295 0 1 7.18E-02 (5.8E-03) 4.24E-02 (1.5E-03)
725.499569 0 0 5.20E-02 (2.0E-03) 1.109E-01 (4.6E-03)
752.7739581 0 1 8.87E-02 (1.6E-03) 1.873E-01 (2.5E-03)
761.868717 0 O 9.00E-02 (5.9E-03) 3.52E-03 (1.5E-03)
780.028348 1 2 6.2E-02 3.65E-03 (1.3E-04)
792422195 0 1 6.06E-02 (4.3E-03) 3.38E-02 (1.5E-03)
797.178269 0 0 5.24E-02 (1.4E-03) 6.93E-01 (1.0E-02)
808.280771 0 1 6.82E-02 (3.4E-03) 5.75E-02 (1.9E-03)
852.754633 0 1 6.2E-02 9.96E-03 (3.3E-04)
861.805155 0 0 4.69E-02 (2.0E-03) 1.450E-01 (6.7E-03)
867.878017 0 1 6.62E-02 (3.6E-03) 5.94E-02 (2.2E-03)
870.071356 0 1 6.19E-02 (1.7E-03) 1.220E-01 (2.8E-03)
894.287685 0 1 6.50E-02 (2.5E-03) 6.95E-02 (2.3E-03)
907.485072 1 1 6.2E-02 1.68E-03 (1.7E-04)
927.851371 0 1 6.2E-02 1.446E-02  (4.6E-04)
941.238847 0 0 6.27E-02 (1.5E-03) 4.04E-01 (1.1E-02)
951.260744 0 1 6.89E-02 (4.8E-03) 4.71E-02 (2.5E-03)
961.168010 0 1 6.79E-02 (1.8E-03) 1.722E-01 (4.0E-03)
970.058919 1 2 5.5E-02 8.4E-04 (1.3E-04)
983.591305 1 2 6.2E-02 7.79E-03 (2.3E-04)
1000.147455 0 1 7.87E-02 (2.1E-03) 1.421E-01 (3.6E-03)
1007.392704 0 1 6.33E-02 (3.1E-03) 6.94E-02 (2.9E-03)
1010.879970 0 1 6.00E-02 (1.5E-03) 2.215E-01 (4.3E-03)
1024.285207 1 2 6.2E-02 1.78E-03 (1.3E-04)
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