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1. Introduction:

➢ Neutron-induced fission reactions play a crucial role in a variety of fields of fundamental 

and applied nuclear science.(N. Colonna et al., Eur. Phys. J. A (2020) 56 :48)

➢ The Th-U cycle is the most prospective new nuclear fuel cycle. The 232Th(n,f) cross section 

is important in applications of Th-U cycle and requested with 5% accuracy.(U. Abbondanno et 

al., CERN/INTC 2001-025 INTC/P-145 2001)

➢ China Spallation Neutron Source (CSNS) – the back-n white neutron source (back-n) has 

been built in Dongguan, China in 2018. It provides a great chance for nuclear data 

measurement.(Jingyu Tang et al., Chin. Phys. C 45, 062001, 2021) 

➢ The measurement of the 232Th/235U fission cross section ratio was carried out by a multi-

cell fast fission ionization chamber (FIC) using the time-of-flight method at the CSNS-

Back-n. It can provide new independent nuclear data.
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2. Experiment>>2.1 Cross section analysis:

➢ The 232Th/235U fission cross section ratio can be calculated by 
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2. Experiment>>2.2 The  Multi-cell Fast Fission Ionization Chamber

➢ The cathode of the fission cell is aluminum/stainless steel foil plated with high purity fissile 

isotopes and the anode is made of aluminum. 

➢ The schematic view and the main parameters of the FIC (Jie Wen et al., J. Instrum. 13 07, 2018; Yiwei

Yang et al., NIMA 940 486-491, 2019)
The main parameters of the FIC

Max number of cells 8

Fission nuclides 232Th, 235U, 238U

Sample thickness (232Th) 100-200 𝜇g/cm2

Sample thickness (235U) 200-300 𝜇g/cm2

Sample diameter 50 mm

Electrodes diameter 80 mm

Gap between electrodes 5 mm

Bias 200 V

Gas composition 90%Ar + 10%CF4

Gas pressure 0.8 atm
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2. Experiment>> 2.3 Experiment set up:

➢ One 238U cell, two 235U cells, four 232Th cells and one empty cell were mounted in the 

detector and were named as U8-2, U5-1, U5-5, Th-1, Th-2, Th-3, Th-4, Al, respectively.

➢ CSNS–Back-n: 1.6 GeV protons, tungsten target,  25 Hz repetition frequency.

➢ 77 m flight path, single bunch mode, beam power 40 kW, neutron beam ∅60 mm.         

(Yonghao Chen et al.,
Eur. Phys. J. A (2019) 

55: 115)
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3. Data analysis

3.1 Amplitude spectrum and detection efficiency

3.2 Timing and flight distance calibration

3.3 Fission events-neutron energy spectrum

3.4 Background analysis

3.5 Corrections

3.5.1 Neutron flux attenuation

3.5.2 Beam nonuniformity

3.5.3 Isotope correction

3.6 Results
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3. Data analysis>> 3.1 Amplitude spectrum and detection efficiency:

The central channel of the valley

➢ The amplitude of each 

signal was counted to 

obtain the amplitude

spectrum. 

➢ There are a large number 

of events in the low 

amplitude region and a 

count valley from about 

250 ch to 500 ch.
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3. Data analysis>> 3.1 Amplitude spectrum and detection efficiency:

➢ The loss of fission fragments (FFs) mainly comes from threshold setting and self absorption. 

The detection efficiency can be obtained via (Li Y et al., 1998)

NL is obtained by the rectangular extrapolation along the flat valley from threshold to 0 channel

mass thickness of 

the plating

the lost count of FF

of which the PH is below the 

threshold

average range of FF 

in the plating

total count of FF of which the

PH is above the threshold

휀 = (1−
𝑡

2𝑅
) ⋅ (1−

𝑁𝐿
𝑁𝑈

)

Cell U5-1 U5-5 Th-1 Th-2 Th-3

𝜀 94.90% 94.65% 95.94% 95.68% 96.00%

uncertainty 0.23% 0.28% 0.14% 0.12% 0.13%
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3. Data analysis>> 3.2 Timing and flight distance calibration:

➢ In addition to producing neutrons, the spallation target also emits 𝛾-flash. 𝛾-flash is used 

to determine neutron energy. The rise time of FF waveforms is about 30 ns (10%-90% of 

the rising edge). 

𝑇𝑂𝐹𝑛 = 𝑇𝐹𝐹 − 𝑇𝑛

= 𝑇𝐹𝐹 − 𝑇𝛾 +
𝐿

𝑐𝛾-flash

fission
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3. Data analysis>> 3.2 Timing and flight distance calibration:

➢ 𝛾-flash and neutrons are produced simultaneously, so the difference of the time they are 

detected by the FIC can reflect flight distance. 

𝑇𝐹𝐹−𝑇𝐺𝐹 =
𝐿

𝑐
⋅ (

1

1 −
1

𝐸𝑛

𝑚𝑛𝑐
2 + 1

2

− 1)

➢ The resonance peak of 235U(n, f) at 8.77 eV 

is chosen for flight distance calculation for 

its long TOF and high cross section. 

➢ The neutron flight distance at the U5-1 cell is 77.073 m with an error of 3 mm and the 

flight distances of the other cells are calculated through the geometry of FIC. 
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3. Data analysis>> 3.3 Fission events-neutron energy spectrum:

➢ The fission events as a function of incident neutron energy based on 232Th, 235U and 238U 

were shown below. 

➢ As for 235U, there is a 

clear distribution of 

resonance peaks in eV-

keV energy region. 

Besides, a hump caused 

by the second chance 

fission is observed in 

6–8 MeV. 

8.77 eV resonance 

peak of 235U (n, f)

second chance 

fission peaks
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3. Data analysis>> 3.3 Fission events-neutron energy spectrum:

➢ The comparison of the 

measured resonance 

peaks and those of the 

ENDF/B-VIII.0  

evaluation in 1-20 eV. 

The peaks of the two 

are in good agreement, 

which proves the 

reliability of the 

experiment and data 

analysis.
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3. Data analysis>> 3.4 Background analysis:

➢ The background signal from 

backing/collector can be 

evaluated by the Al cell.

➢ A few signals have been 

recorded as fission events for 

their larger amplitude and 

can be neglected.

➢ The amplitude spectra of U5-

1 were shown. The detection 

efficiencies change a little in 

different energy region.

95.25%

95.37%

94.83%

94.90%



July 25 2022 15ND2022

3. Data analysis>> 3.5 Corrections>>3.5.1 Neutron flux attenuation:

➢ MCNP code(Briesmeister J.F., 

2000) was employed to 

evaluate the neutron flux 

attenuation in the FIC. 

➢ The neutron flux 

decreases as the number 

of cells increases and the 

neutron flux attenuation 

of the last cell is 1.5%–

2.5% in 1–20 MeV.
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3. Data analysis>> 3.5 Corrections>>3.5.2 Beam nonuniformity:

➢ The nonuniformity of the Th-1, U5-5 and the neutron beam is about 11%, 9% and 10%,

which was obtained by an alpha-sensitive imaging plate and the simulation respectively.

➢ A correction factor Q, which represents the ratio of two fission rates under the conditions of 

nonuniform distribution and uniform distribution of nuclides on backing, is used in this 

measurement. (Jie Wen et al., Annals of Nuclear Energy 140 (2020) 107301) 

➢ The  Q values of the 232Th are 1.0023-1.0028. And Qs of 235U samples are 1.0026–1.0046.
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3. Data analysis>> 3.5 Corrections>>3.5.3 Isotope correction:

➢ The isotope abundance of the 235U samples is shown below. The correction factor 𝜂 can be 

calculated by the formula:

➢ The 𝜂 for 235U is 0.99988–0.99997 in 1–20 MeV energy region. The 232Th is  assumed to be 

100% abundant.

𝜂(𝐸𝑛) =
𝛿5 ⋅ 𝜎5

𝛿4 ⋅ 𝜎4 + 𝛿5 ⋅ 𝜎5 + 𝛿6 ⋅ 𝜎6 + 𝛿8 ⋅ 𝜎8

abundance of  

isotope

fission cross 

section

234U 236U 238U235U

Sample Isotope Abundance/%

235U

234U 1.256010-3

235U 99.985
236U 4.116010-3

238U 9.626010-3
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3. Data analysis>>3.6 Results:

➢ The time resolution of the detection system is the basis of energy bin division. The total time 

resolution (total_tr) contains neutron pulse width (n_pulsewidth), the time resolution of the 

detector (tr_det) and that of the electronic system (tr_ele). The relationship between them is 

shown below.

𝑡𝑜𝑡𝑎𝑙_𝑡𝑟2 = 𝑛_𝑝𝑢𝑙𝑠𝑒𝑤𝑖𝑑𝑡ℎ2 + 𝑡𝑟_𝑑𝑒𝑡2 + 𝑡𝑟_𝑒𝑙𝑒2

➢ The time resolution of the FIC and the electronic system is 5.7 ns and  the neutron pulse 

width of the CSNS is about 60 ns. Therefore, the total time resolution in our experiment is 

60 ns. According to the TOF range of 1–20 MeV neutron (about 5.5–1.2 𝜇s), the objective 

energy region is divided into 72 bins by the time resolution. The bin width ranges from 0.02 

to 1.85 MeV.
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3. Data analysis>>3.6 Results:

➢ The measured 
232Th/235U fission 

cross section ratio in 

1–20 MeV.

➢ The measured data 

agree with the 

previous experiments 

and ENDF/B-VIII.0 

evaluation well in 

trend. 
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3. Data analysis>>3.6 Results:

➢ The relative experimental uncertainties of the 232Th/235U fission cross section ratios are 2.9%–

24% in 1–2 MeV region while 2.0%-2.9% in 2–20 MeV region.

➢ The uncertainty mainly comes from the statistical error and the quantification of samples.

U-235 Th-232

NFF 1.0-1.1
2.5-24(1-2MeV)

1.3-2.5(2-20 MeV)

N 1.0-1.1 1.1-1.3

 0.2-0.3 0.1-0.2

A 0.2-2.0 0.2-2.0

Q 0.1 0.1

 10-4 /

Total
2.9-24(1-2 MeV)

2.0-2.9(2-20 MeV)
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3. Data analysis>>3.6 Results:

➢ The comparisons of the 

measured results and  

evaluations are shown.

➢ The average discrepancies 

of the measured data and 

evaluations are 4.3%, -1.4%, 

1.5% and 4.2% in 2-20 

MeV region. 

➢ The measured data agree 

with those of evaluations 

within experimental 

uncertainties at most energy 

points.
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4. Conclusion:

➢ The 232Th/235U fission cross section ratio in 1–20 MeV neutron energy region has

been measured by a multi-cell fast fission ionization chamber at the CSNS –Back-n.

➢ The measured data agrees with those of the evaluations in trend, and the average

discrepancies between experiment and main evaluations are from -1.4% to 4.3%.

The relative experimental uncertainties are 2.0%–2.9% (2–20 MeV).

➢ The measured data agree with those of evaluations within experimental uncertainties

at most energy points. The measured 232Th/235U fission cross section ratio could

provide support in relevant nuclear data evaluation and normal double-bunch mode

measurements.
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