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1. Introduction
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« Carbon: one of the most widespread elements in nature and organism.
« (n, Icp) reactions on carbon in MeV region are of interest for both nuclear
technology applications and nuclear physics theories.

Carbon-based neutron Neutron dose Nuclear reaction
spectrometers, e.g. calculations in theories of
diamond detectors. human tissues light elements
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1. Introduction

« Simultaneous measurements of energy spectrum
and fluence of neutrons using a diamond detector;

Jie Liu et. al., Scientific Reports, revision submitted.
« Accurate neutron response matrix*-;

 Nuclear reaction data.
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Fig 1. The simulated response matrix of the diamond detector for neutron
energies ranging from 1.0 to 10.0 MeV (a) and 10.0 to 20.0 MeV (b).
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 Insufficient accuracy of the present
data for neutron induced reactions on
12C, e. g.2C(n, n+3a) reaction.
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Fig 2. The data of 2C(n, n+3a) reaction



2. Experiments C(n a,)Be & 12C(n, n+3a)

Cross section measurements

China Institute of Atomic Energy

1. 2H(d, n)3He reaction based on
Beijing HI-13 tandem
accelerator, E, = 9.50, 10.00,
10.50, 11.50 MeV;

2. 3H(d, n)*He reaction based on
Cockcroft-Walton generator,
E, = 14.27 and 14.67 MeV.

Samples

Detectors

Active target
Diamond detector

3.8 x 3.8 x 0.50 cm3
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Neutron fluence

measurements

. 238U (n, f) reaction;

. Associated a particles

from the 3H(d n)*He
reaction.



2. Experiments
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2.1 Experiments based on the HI-13 tandem accelerator

» Quasi monoenergetic neutrons: 2H(d, n)3He reaction;

> Neutron fluences: fission events of the 238U;04 sample (99.999%);
» Diamond detector: active target; at 0-deg with respect to the beam

> Neutron energy spectra: EJ-309 liquid scintillator.

Neutron source GIC Diamond
detector
Deuterium 281,04
D gas target
euteron
beam ; : |::|
| 3.0cm | l
e i
432 ¥ 234 !
i 154 cm | l
i 147.9 cm ;
E 350 cm

2

EJ-309 liquid

scintillator

1. Cathode 2. Grid 3. Anode 4. Shielding plate
Fig.3 Experimental setup based on the HI-13 tandem accelerator.
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2.2 Experiments based on the Cockcroft-Walton generator

» Quasi monoenergetic neutrons: 3H(d, n)*He reaction;

> Au-Si surface barrier detector: associated a particles from the 3H(d, n)*He;
reaction for measuring the neutron fluences;

» Diamond detector: active target.

Au-Si surface barrier
detector

« Positions of the diamond detector:
6 = 45°and @ = 80°.

Deuteron beam \

T-Ti target

------------- « E4 = 300 keV, mean neutron energies for
/ the two @: E, = 14.27 and 14.67 MeV.

~
-
~
~

Diamond detector
Fig. 4. The experimental setup based on the Cockcroft-Walton generator. 7
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Calculation of the cross sections:

N
G — events
lec ) ¢

» N,ens: Count of the 12C(n, ap)?Be or °C(n, n+3a) events;
» N> : Number of the 1°C nucleis in the diamond detector;
» ¢ : Neutron fluence at the diamond position.



3. Data analysis

3.1 Determination of the 12C(n, a;)°Be and 2C(n, n+3a) events (N, ,s)
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Fig. 5 The measured and simulated pulse height spectrum
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3. Data analysis

T

| ower threshold

3.2 Determinations of the neutron fluences (¢) .

5
31000

-- for experiments based on the HI-13 tandem accelerator ©

500 |

Fission events of the 238U;04 sample
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¢= = Fig. 6. The anode spectrum of the
N,z * & - O 238U(n, A events at £, = 11.50 MeV.
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it 238 i Neutron energy (MeV)
position and that at the U;05 sample position, Fig. 7. The neutron energy spectra

determined by Monte Carlo simulation. measured using the EJ-309 liquid scintillator.



3. Data analysis

3.2 Determinations of the neutron fluences (¢)
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---- for experiments based on the Cockcroft-Walton generator

Alpha particles from the 3H(d, n)*He reaction

NA-S'
— u-st 3
? Q-d?

« Ny, count of the associated alpha particles;

« d: distance between the diamond detector and the T-
Ti target;

« :solid angle subtended by the Au-Si surface barrier
detector and the T-Ti target;

« G : a factor to correct the different of the angle
differential cross sections of the 3H(d, n)*He at the Au-
Si surface barrier detector position and the diamond
detector position.
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Fig. 8. The energy spectrum of the associated
alpha particles measured by the Au-Si surface
barrier detector at £, = 14.27MeV.
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4. Results

4.1 Uncertainty analysis

Experiments based on HI-13
tandem accelerator

___Source | Uncertanity (%)
3.7-6.6
5.4-14.1

1.0
D7 041-058

| Nawy 1.0
0.9-13
o 15
1.5-2.8
BV 15-30
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Experiments based on Cockcroft-
Walton generator

____Source | Uncertanity (%)
2.9-4.4
8.2-8.3

1.0
B  09-13

5.0
DN 0.14-0.20
A o0s5-11

« Uncertainties of 2C(n, ap)°Be cross section: 5.4 - 7.5%;
« Uncertainties of 12C(n, n+3a) cross section : 6.6 - 14.5%.
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4. Results

4.2 2C(n, a,)’Be reaction
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In general, present results are in agreement
with the evaluated data from JEFF-3.18,

In the range of 9.0 — 11.0 MeV, present
results are in agreement with the evaluated
data from ENDF/B-VIII.0% JEFF-3.18 CENDL-
3.270 and JENDL-5"" libraries.

In the range of 11.0 — 12.5 MeV, present
results, the data by Kuvin'? et al and
Schmidt'3 et a/. are all in agreement with the
evaluated data from JEFF-3.18,

The cross sections around 14 MeV vary
slowly with the neutron energy, in
agreement with the evaluated data from
JEFF-3.18 and JENDL-5" libraries.

13



4. Results
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4.3 12C(n, n+3a) Reaction
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Fig. 10. The cross sections of the 2C(n, n+3a) reaction.
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4. Results
e g X F
4.4 R-matrix analysis - by Prof. ZhenPeng Chen using RAC PG S
» For n + 12C, the reaction channels: > The level scheme of 3C from
(n, tot)= Chen8 was used as primary values,

. some levels from Ajzenberg’ was
(n, el)+(n, inl)+(n, a)+(n, p)+(n, d)+(n, t)+(n, g)+ ‘l— added in RAC.
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reaction channels: total width of reduced trace;
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Fig. 11. The level scheme of 13C 15



4. Results

4.4 R-matrix analysis - by Prof. ZhenPeng Chen using RAC
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4. Results

4.4 R-matrix analysis - by Prof. ZhenPeng Chen using RAC
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4.4 R-matrix analysis - by Prof. ZhenPeng Chen using RAC
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5. Conclusions
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« Cross sections of the 2C(n, a;)°Be and 2C(n, n+3a) reactions were
measured with higher accuracy in the ten-MeV region using a
diamond detector as an active target;

« The cross sections of the two reactions were measured
simultaneously, which could be checked against each other;

« The present results are useful to clarify the deviations among the
measurements and evaluations;

« R-matrix analysis for the n + 12C system were carried out using the
RAC code, and reasonable results were obtained.
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Paper preparation ...
Theoretical analysis of the two reactions ...

More neutron energy points ...

More reactions, i. e. 1¥N(n, a) and 1°O(n, a) ...

Thank youl!
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