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Fig. 1. Schematic diagram of online experimental setup of prompt ¥ ray platform.
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Table 1.  Major inelastic scattering peaks of various isotopes of Ge with neutrons.
e s (n, n") (n, n'e)

BRI 3 "Ge "Ge MGe "Ge MGe ™Ge
176.2 630.0 595.9 545.5 12154 691.6

e 1039.3 834.1 608.4 562.9 — —

v Bk REE keV
— — 867.9 1108.4 — —
— — 1204.2 — — —
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Fig. 2. Clover detector characteristic peak parameter fitting: (a) ¢ fitting results; (b) 8 fitting results.

1F

(a) — 5 cm /\

10 cm /
15 cm
20 cm

-

=

=]

<)

o

o 0.1F

2

=

<

~

0.01 F

1820 1830 1840 1850 1860 1870
Channel

K3 Clover ZRIN AR AN [ 5 FR [] — BE 1k B4R AE v S £ IR I JE X LE

1 [(b) — 5 cm

10 cm
15 cm
20 cm

=

2 /

<)

o

: /

2 |

= |

°

= Mf/\/f

0.1}

6480 6490 6500 6510 6520 6530 6540
Channel

(a) 344.278 keV £kl ; (b) 1212.948 keV Hi £k

Fig. 3. Comparison of the peak shapes of the characteristic gamma ray peaks of the clover detector at different source distances and
the same energy: (a) 344.278 keV ray peak; (b) 1212.948 keV ray peak.
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Fig. 4. Parameter fitting of coaxial HPGe of the characteristic gamma ray peaks: (a) ¢ fitting results; (b) S fitting results.
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WERE Sy, [RIAHfdE ] Th Fi152Eu gEf7 i, 455 —4
FEAE R 5 J Y y S e e 1 i, e Th & S 1Y
409.462 keV Fl 2Eu & §f 1Y 411.116 keV I [i1] 5
k. 1085.837 keV F1 1089.737 keV W [a] FE T /N, R
FAA SO AT I T LA RIRERCR DL (1A 8).
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Fig. 8. Fitting results of overlapping peak formed by
409.462 keV and 411.116 keV in multisource spectrum.

4.1.4 BEEWMA%TFHEE
TEXT 2 BE T A T AT, % TR v T
B A T2 BT £, BT 5 B ) 2%
DA PRSI AT 28 5, ELR I i 9 R S i 245 B
Wi P % 22, (A5 A L BRI 1) 59 R AR IS B3 TR
ME. D) 152Eu Z) BE RS Y 121.781 keV 4], 192Eu )
244.697 keV FEAEAN 06 () 45 2% A 119 keV
b, 5 152Eu 1) 121.781 keV BN EA . Y
0 2 S R I IR RE S FA =1, I3 22 A P
WepEZE PR E R, AU B BRAR IS LA i S B AR
¥, T BEAERECT I A BRS ih255 43 ((6) ),
i (1) 28, (3) 20, (6) AATRARARIIS . Ml
IR G, $IA X [ e i o s 4 — B4 4
A, ZEMI 610 18 2 450 680 i, &5 unlEl 9 fr
N, T BR300 2% 5 43 O AR IS REAR - b Al R R AiE
UEE A A A E T I A D P2 DX, T A o g it
GFRY , AU FH—A B BRAS IS sRBOKR B G-
X T A BB Y 22 BT o DX AL sl =
IR EUAY 121.781 ke V FRAEIA A TR FR LS5 3.

3 TAOTEOREL 121.781 keV AR
Table 3. Net area of 121.781 keV is obtained by

three methods.
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600 620 640 660 680 700
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9 RTELE R LG A R LA A5 2R L, Hh
1 8 & GammaVision 4bFERL

Fig. 9. Comparison of background fitting results with or
without Compton edges, insert is GammaVision processing

effect.

4.2 HFERIERMEESES T

1.2 MeV 175 Fe W IHAEL SRS AE 10
JiR, HFson g W . ASZE0E Rl LU H T0Ge
(n, n"), Ge(n, n"), ?Ge(n, n") = A T RL
N RS2, 5] ANk H 27Pb ) 569.7 keV 1 205T1]
) 583.1 keV J&57E Ge(n, n") #Y 562.9 keV |, 3k
H 2Bi [ 609.3 keV ¥57E™Ge(n, n"y) 1 595.9 keV
L AR (7) AR (n, nhy) 1, T (8) X
ik (n, n'e) 1, XI55 R RN RECHZE &
PUEFHIEIE. DL oSFe 5 Hp 7 52 iy 075 1) 9k & 1 5
TEL SR (18 10) S, &l 11 @R T 846.8 keV
PRSI FIBRASCR , FoAR A W UL & 25 R an i 12 Jir
AN ARG SR DA P A BRI 74 b T
PR U AR JECFTIRR (R, DT P LJORS B i B b
O I A BRI AR,

5000
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Fig. 10. Online experimental spectrum of the reaction of

1.2 MeV neutron with Fe sample.
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Fig. 11. Peak background subtraction effect of 846.8 keV
ray emitted by *Fe(n, n').
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Fig. 12. Partial inelastic scattering peak fitting results.
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Fig. 13. %Fe inelastic Gamma production cross-section.
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Abstract

In neutron reaction cross-section measurements, the prompt gamma ray method is a method of obtaining
cross-section data by measuring the characteristic gamma rays emitted by a nuclear reaction, thereby avoiding
the interference generated by competing reaction channels. However, the prompt gamma ray method is an on-
line experiment with abundant background sources, high background counts of the obtained experimental
spectra, and numerous interferences such as weak peaks, overlapping peaks, Compton scattering peaks, and
neutron effect peaks of Ge in HPGe, which cause the difficulty in analysing the on-line experimental spectra and
the high uncertainty in the results. In this work, we study and summarise the spectrum analysis techniques of
the prompt gamma ray method that can be used for measuring the neutron cross-section, and comprehensively
consider the physical processes of the formation of different characteristic peaks of the prompt gamma ray
method, so as to reduce the uncertainty of calculating the net area of the effect peaks in the process of on-line
experimental spectrum processing. The Compton edge, weak peaks, overlapping peaks, and the neutron response
peaks of the HPGe detector on-line experiment are discussed and analysed, and the net area of the effect peaks
is accurately extracted by combining several reasonable functions to fit the total energy peak, the background,
and the interferences. For the net area of weak peaks, this method can reduce the peak area selection caused
fluctuation from 30% to less than 1%, and the difference between the fitted value of the net area and the
theoretical value is comparable to the statistical uncertainty; for the overlapping peaks’ decomposition, the
difference between the results obtained by this method and the theoretical value is significantly lower than 1%.
The reliability of the spectral analysis method is simultaneously verified by efficiency curve analysis and

goodness-of-fit calculation.

Keywords: prompt 7 ray method, gamma production cross-section, spectral analysis, neutron, hyperpure

germanium
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