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Abstract

We developed a novel analytical technique that combines prompt gamma-ray analysis (PGA) and time-of-flight
elemental analysis (TOF) by using an intense pulsed neutron beam at the Japan Proton Accelerator Research Complex. It
allows us to obtain the results from both methods at the same time. Moreover, it can be used to quantify elemental
concentrations in the sample, to which neither of these methods can be applied independently, when a new analytical
spectrum (TOF-PGA) is used. A simple and accurate correction method was developed for the data processing in PGA,
TOF-PGA and TOF analysis. It includes the determination of neutron attenuation, gamma-ray attenuation, live-time
fraction and signal pile-up correction factor. The generalized correction method was validated by analyzing of several

materials.
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Figure 1. Schematic drawing of the ANNRI facility. The Ge detector array, which is located at 21.5 m from the neutron

moderator, consists of two cluster-Ge detectors, eight large coaxial-Ge detectors, and BGO anti-Compton shields

surrounding the Ge detectors.
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Figure 2. a) The detector setup in PHITS calculation, b) Gamma-ray yield distribution of compound

nuclei in a iron sample(6mm).
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Figure 3. The intensity distribution of 352 keV gamma-ray and the results of calculation (T-Deposit).

ol DFERATAEIIE -T2, FD, FE
Wi ETH -7 FEBIT ANNRLIZEBWT{T- 7,

23 T E—LOHCERIEE T RO
WRUSTEIIES

FvEF B — L0 B CIERBIR(NA) & T >~ RO A
CERREIR(GA) Z T 272, PHITS[4]IC L 5 v
Ralb—YarEERLE, BOEREE & T
WS C ORI RCHELIC & 5k R Tdh 5, Figa
Wy Ialb—ya yTHOWERBESRERZ T, K
HFOKES BGO Mg AR L, EONMIZ Y 7 A ¥
—Ge HHERNRH D, 7T AKX —Ge MHEFORNIIX
HE R & LT T D RGN °LiH &

SLIF SiRE SN TW5, £7-. AFm EICHER Ge
PN 8 BREINTWAHN, bk 5

%mméwk%zghétb LHEDY I 2 Lb—

AT AN TRV, NAIZ PHITS (k533 =
L— g TR IS Rl OGS & 2 R
&@ﬁ%\¢ﬁ%WEMEﬁkﬁﬂ¢®ﬁ%ﬁﬁ%
MNFTbDOTEIDREIZL S THLIL, X PHITS
#%ﬁ4vﬁbmﬁ%hélm3&GA®#ﬁf%
WAH AT NV—flERT, Z0KIX
0.lmm & 6mm JED Fe B O S5 352keV
DH=HDART NLTHY, ZOE—7 o
NDOELNS GA BRED, Ho~py —ADNA
T E— L0 CERIR BRI N TWD T
B, JEOEEH6mm) T B — A AFHANZR Y B35 5
ZENgnD (Fig2b) ONAA:GA€¢Pﬁ¥ﬂ:%w
X— o<z ¥—, BB O TEEZE X
THE L, kT 207 MEEICHW:,



Sk 28 4 HEF7- 7 M HE it R R ) 2 IR 7R
MRS R
[H27-2 ]

Time gate (a)
o
®
’ \\\\
| \\\
3 N
= X

Figure 4. Schematic drawing of the amplifier pulse shape. Pile-up signals are shown by red solid lines. Blue dashed
and green dotted lines represent the normal shapes of gamma-ray signals. The unshifted pile-up signal in (a) is

accepted by the DAQ while that in (b) which is shifted by pile-up is rejected.
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Figure 5. (a) TOF-PGA spectrum of the Fe sample. (b) Variation of live-time fraction with TOF. Percentages
represent the average values of live-time fraction. (c)(d)(e) Gamma-ray spectra by being gated on different TOF
regions. The arrow through spectra (c-e) indicates the change of the gamma-ray intensity ratio of 352 keV to 7631

keV. Note that all the ratios in the gated spectra (c-e) have been normalized to the ratio in spectrum (c).
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Figure 6. Calibration of pile-up correction factor with the data of Fe6. (a) Logarithmic relation between &x and .

For each gamma-ray energy, the denominator Oy,

1s a constant which is used for normalization. It is

approximately equal to 1/by. (b) Exponential relation between ay/byand .
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Figure 7. PGA and TOF-PGA spectra of Gibeon
meteorite which is classified as an Iron meteorite.
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Figure. 8. (a) and (b) are the TOF peaks as well as the backgrounds at 20.29 and 44.75 eV, respectively. (c) and (d) are the TOF

counts of different samples at 20.29 and 44.75 eV, respectively. (e) Net counts of 271 keV gamma rays produced by 4.28 eV

neutrons. (f) Net counts of 778 keV gamma rays produced by 44.75 eV neutrons. Note that, in order to compare the results of TOF

and TOF-PGA, the nominal contents of Ta and Mo in samples IN1-3 and TMS1-3 were used in Figures c-f.
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