Characterization of the RFT-30 Neutron Source
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Results and discus:

< Samege measurement results

< Accelerator-based neutron source

> RFT-30 cyclotron at Advanced Radiation Technology Institute (ARTI) [1] “TAme Mg A P Fe
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> Application field [2] s / PAnapNa :
« Development of novel isotope labeled compounds S, / ~ S
» Research on the cross-section measurement X *Fe(n.p)**Mn
> Problem & solution ” I \l
* Neutron interactions with matter are highly energy-dependent e R T R TR T R
- Necessity of the neutron energy spectrum, not yet been characterized Energy (keV) Energy (keV)
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Figure 1. View of RFT-30 cyclotron at ARTI and Be target with moderator Figure 6. Gamma-ray spectra of neutron-activated samples

- . . . Table 1. Nuclear data of the Samples with measured Activity
« Multi-sample Neutron Activation Analysis (NAA) Reaction _ Threshold (MeV) Half-life (s) Peak (keV)

Activity

» Sensitive, Non-destructive method with multi-element detection capability [3] 27Al(n,p)'Mg 1.36E+00 5.67E+02 | 843, 1014 | 8.29E-21
» Neutron flux and the energy distribution can be known if information is available: Z7Al(n,a)"Na 3.67E+00 5.40E+04 1368 7 47E-21
+ Constituents of the sample ) SFe(n,p)*Mn 3.40E+00 | 9.28E+03 | 846, 1810 | 6.72E-21
* Response function of activation reactions BNb(n,a)mY 0.00E+00 2.30E+05 479 2 95E-02
» Measurement activities of induced radionuclides %Nb(n,2n)2"Nb 9.00E+00 8.77E+05 934 2 86E-20
Materials Beiocior Co(n,y)*Co 0.00E+00 9.28E+03 | 1173, 1332 | 6.78E-19
- %%Co(n,p)*Fe 1.20E+00 3.84E+06 1291 4.04E-21
I f‘ﬁ‘/ . m %9Co(n,a)**Mn 1.45E-03 9.28E+03 | 846, 1810 | 1.78E-21
%9Co(n,2n)*Co 1.10E+01 6.12E+06 811 2.94E-20
Neutron generator @ Analyzing Software » Gamma activity from the samples are measured by the Calibrated HPGe detector
Excited state compound nucleus < Sample Response by Neutron Energy Group
Figure 2. The principle of the neutron activation analysis technique [4] 0 S 4
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+ Neutron Activation Experiment in RFT-30 cyclotron at ARTI = =
» Obtaining samples for activation experiment % 2
« Target of neutron energy spectrum: between 0-30 MeV »3“’ é“’
-> 4 samples are selected : Al, Co, Fe, Nb 2., 2.1
+ Size: 10 ®, 5 mm thick cylinder 3 g
> Neutron irradiation « A S SN «
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« 30 MeV, 10 pA proton beam operation 2 hrs on the beam line Energy (MeV)
» Sample Measurement

« High-Purity Germanium (HPGe) detector

< Activity of the foil were determined from full-energy peak counts

ample-

Energy (MeV)
Figure 7. Sample response by 2017-TENDL for 661 neutron energy groups
< Neutron spectrum unfolding results and Activity Validation
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» Validation check for neutron activation experiment Figure 8. Comparison of a) Neutron energy spectrum between MCNP6.3 simulations and
> Neutron spectrum unfolding was performed using GRAVEL [5] unfolding results b) measured activities and activities calculated from unfolded spectrum
- 9 activation reaction , Total 661 points of Energy spectrum + Flux obtained from the unfolding agrees with the MCNP6.3 result within 7%
* 4T Be target irradiated by 30 MeV proton “ The unfolded spectrum reproduces the measured activation observables within +27%
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« Unfolding neutron spectrum was performed with Al Co, Fe, Nb as activation foils

Neutron Beam « Neutron energy spectrum has been obtained by applying GRAVEL unfolding method

|:> « This study demonstrates the feasibility of reconstructing the neutron energy spectrum
using a limited number of activation foils.
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Figure 4. Geometry of MCNP 6.3 simulation [6]

(5] M. Matzke, Unfolding of particle spectra, International Conference Neutrons in Research and Industry, SPIE, Vol.2867, pp.598-607, 1997

1) Initial conditions 2) Predict / 3) Weighted mean 4) Update Spex ! .

N N . = n 6] Jo, Gyuhaeng, et al. "Characterization of 30 MeV Proton Cyclotron-Based Neutron Source by Utilizing Bonner Sphere Spectrometer.” Transactions of the
» ‘ = Z Ry ¢} W, = (uehy 4 )" = ¢flexp(r]') Korean Nuclear Society Spring Meeting (Jeju, Korea. 2024.)

N;: Measured activity W=\t Tof

1 Ly lig™ — ™1l
Ryj: Response function "™ 5 w-c?: = SWileg(Nscy ™ gr=— T
= —_— _ il i n-1 —
$f'=Neutron spectrum (MCNP) x z a2 = wa? fign=tll Acknowledgments

I ;
¢i'=Standard deviation of Ny SR S T This work was supported by the National Research Foundation of Korea (NRF) grant funded
by the Korea government (Ministry of Science and ICT) (No. RS-2022-00154676 and No. RS-
2023-00281276).

Figure 5. GRAVEL unfolding work flow diagram




