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Figure 1. Schematic illustration of the ANNRI installed at the beamline BL04 of the MLF at the J-PARC (A)
Collimator, (B) TO-chopper. (C) Neutron filter, (D) Disk chopper, (E) Collimator, (F) Germanium detector
assembly, (G) Collimator, (H) Boron resin, and (I) Beam stopper (Iron).

Figure 2. Configuration of the germanium detector assembly.
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SEIGFENL . Au, Ag, Co, Cd, and Ta.

5,13, 23, 1 and 41 mg for Au, Ag, Co, Cd and Ta, Au, Ag, Co, and Ta foils are 5 mm X 5 mm in area. These metal
foils were placed side-by-side.

Cadmium standard solution (1 mL =1 mg of Cd) was evaporated to dryness on fluorinated ethylene propylene (FEP)
film. The Au, Ag, Co, Ta, and Cd sample (mixed sample) was sealed in an envelope (10 mm X 10 mm) of FEP film.

a BE+5 b 15E+5 T:LSBeV
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S 3E+5 P Co+Cd+Ta+(Au) £ Vo :\ A9
8 2E+5 Cd+F Co+Ag 3 roy 13,9 - -
C Ag ”u / C0.|.A% ACQ&-(Fg+Ge) O 5.0E+4 ! lw ‘ 110 130 150 170
o+ ot+tAu+Ge _
1E+5 J+Ta+Fe Vi L{ﬂ ol /M L J} N lw,[ﬂj'.'“l' -.J. Ml } l | Ta 14eV de 0.18eV
OE+0 . 0.0E+0 L a AU ~— I CS—
0 500 1000 1500 2000
Gamma ray Energy (keV) 80 800 8000

Time of flight (usec)

Figure 2. Prompt gamma-ray energy and time-of-flight spectra. (a) Intense gamma-ray peaks are labeled with chemical symbols. All intense gamma-
rays from Co overlap ones from other elements in the sample and the neutron shields, etc. (b) Some of resonance peaks are labeled. The inset
provides an expanded view of the spectrum in time-of-flight from 110 to 170 us, and shows a complicated peak that involves Co, Ta, and Ag peaks.
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Figure 4. TOF-PGA spectrum analysis by gating on the TOF peaks. The gated PGA spectra are obtained by being gated on the resonance peaks of
(a) Cd, (b) Ta, and (c) Co, Ta (and Ag) in the TOF-PGA spectrum for the neutron energy of 0.178, 10, and 132—137 eV, respectively. The SNRs
of the gamma-ray peaks of Cd, Ta, Co in the gated PGA spectra (a—c) are significantly improved compared to those in the PGA spectrum (Figure

2a).
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Figure 5.
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“ /51 1keV

U7

500 1000
Gamma ray Energy (keV)

1500 2000

PGA and TOF-PGA spectra of the Gibeon meteorite. (a) Intense gamma-ray peaks are labeled with chemical symbols of the strongest

component in the peaks. (b) The gated PGA spectrum is obtained by being gated on the resonance peak of Co in the TOF-PGA spectrum. The
SNR of the gamma-ray peaks of Co in (b) the gated PGA spectrum is significantly improved compared to those in (a) the PGA spectrum.

Anal. Chem. 2014, 86, 12030—12036

Table 1. Signal-to-Noise Ratios” of the Mixed Sample and
the Meteorite Sample

type of Co

spectra Co Cd Ag Au Ta Gibeon
PGA (05) (300  (011)  (004)  (D.20) (0.21)
TOF (1.0 1.4 6 1.4 10 0.6
MPGA 0.8 6 0.04 07 0.36
TOF-PGA 5 32 5 L5 19 2.3
TOF-MPGA 0.6 8 2.1

“Ratio of net peak area to background. Values in parentheses are
affected by the gamma-rays from other elements. The energy ranges of
the neutron and gamma-ray are from 0.1 to 500 eV and up to 2000
keV, respectively.




Table 3 Comparison between the guantitative results expressed in wti: for each element identified in the T-PGAA spectra, the certified values of
the two MBH standard metal samples, and the XRF results. Concerning the T-PGAA results, for manganese, Mn d is the delayed signal. The
guantitative values are reported considering an error of 0.01 except for the elements from Bi to Sbin the brasstable, which are elements present
in traces, but well visible in the spectra due to their high gamma cross section. We present the quantitative analysis of these elements for
comparison with the certified value, considering that for unknown objects, the calculation would be more difficult with such precision

A wt
T-PGAA Wt% Certificate wt% (TPGAA - Certif) XRF wt%
Leaded bronze
Cu 77.23 77.23 £ 0.1 — 79.0 £ 0.2
Sn 7.31 8.26 £ 0.05 0.95 6.76 £ 0.03
Ag 0.01 0.05 £ 0.01 0.03 <LOD
Mn 167d — — <LOD
Ni 0.53 0.69 £ 0.01 0.16 0.71 £ 0.01
Al 0.01 0.020 £ 0.001 0.01 <LOD
Pb 11.02 12.46 £ 0.10 1.44 9.31 £ 0.04
As 0.11 0.150 £ 0.002 0.04 <LOD
Bi 0.07 0.060 £ 0.001 0.01 <LOD
sb 0.69 0.560 £ 0.005 0.13 0.16 £ 0.03
0.5
Brass
Cu 94.80 91.81 £ 0.07 — 94.33 £+ 0.02
Zn 0.01 4.92 + 0.04 191 5.19 £ 0.01
Sn 0.09 0.060 £ 0.002 0.02 0.45 £ 0.01
s Fe 0.02 0.040 £ 0.001 — 0.003 £ 0.004
£ Ni 0.03 0.040 £ 0.001 0.01 <LOD
=] Al <LOD 0.00 — <LOD
Pb <LOD 0.090 £ 0.003 — 0.03 £ 0.02
As 0.03 0.0100 - 0.0003 0.02 <LOD
Te <LOD 0.020 £ 0.001 — <LOD
Bi 0.007 0.0060 + 0.0002 0.001 <LOD
Se 0.001 0.0020 + 0.0001 0.001 <LOD
K / P 0.001 0.0050 + 0.0005 0.003 <LOD
200 400 600 700 800 900 1000 200 400 600 800 1000 1200 1400 Ag 0.006 0.0060 + 0.0005 0.001 <LOD
TOF [us] TOF [us] Mn 0.670d 0.0006 = 0.0001 — <LOD
Sb 0.005 0.0090 + 0.0005 0.004 <LOD

Fig. 1 The bidimensional matrix representing the y-energy vs. the time of flight of the absorbed neutron resulting in the prompt gamma
emission from the leaded bronze (on the left) and the brass standards (on the right). From this representation it is possible to appreciate the
resonances in time of flight and some of the characteristics of the gamma spectra such as the annihilation peak at 511 keV.

J. Anal. At. Spectrom., 2020, 35, 331-340
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