pISSN : 1976-0620, eISSN : 2384-0633
https://doi.org/10.7742/jksr.2019.13.5.819 "J. Korean Soc. Radiol., Vol. 13, No. 5, October 2019"

Analysis of Proton Nuclear Reaction-Generated Nuclides for Different

Proton Energy

Samyol Lee

Department of Radiological Science, Dongseo University

Center for Radiological Environment & Health Science, Dongseo University

Received: September 17, 2019.  Revised: October 28, 2019.  Accepted: October 31, 2019

ABSTRACT

In this study, we proposed a method for identifying isotopes generated from high-energy proton "“Pb(p,xn)
nuclear reactions through the difference of gamma rays generated through nuclear reactions using different proton
energies. The experiment was performed by using a high energy proton generated from a 100 MeV proton linear
accelerator of the Korea Atomic Energy Research Institute. Gamma rays generated by various nuclides generated
through proton nuclear reactions were measured using a gamma-ray spectroscopy system composed of HPGe
detectors. Gamma-ray standard sources were used for accurate energy calibration and efficiency measurements of
HPGe gamma-ray detectors. For the proposed method, 100 and 60 MeV proton energy beams were used for the
same natural lead samples. This method was found to be very effective in identifying nuclides produced by
comparing gamma rays generated from the same sample with each other. The results of this study are expected
to be very effective in obtaining other proton nuclear reaction results in the future.
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II, MATERIAL AND METHODS
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Table 1. Specifications of the proton irradiation
condition parameters in the present measurement.

Proton beam energy (MeV) 100, 60
Average current (mA) 0.1
Repetition rate (Hz) 1
Beam size (mm dia) 300
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Table 2. Specifications of the sample for "Pb.

nat.

Sample Pb
Chemical form Metal
2py (1.4)
20ph (24.1)

Chemical purity (%) 07
Pb (22.1)

208

Pb (52.4)

Size (mm?) 10.0 x 10.0

Thickness (mm) 0.1
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Table 3. Specifications of the HPGe detector system.

Unit Characteristic
Size (mm dia x mm) 47.5 x 46
Applied voltage (Volt) -3,500

Energy resolution (keV) 1.8 at 1.333 MeV

Relative efficiency (%) 15
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Fig. 1. Gamm-ray measurement spectrometer system
(HPGe detector) of gamma-ray from the "*Pb sample.

II, RESULT
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Fig. 2. Gamma-ray energy spectrum from the proton
induced "Pb sample by using 100 and 60 MeV
proton beam energy.
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Table 4. list of the gamma-ray energy from proton
nuclear reactions.

Peak | Nuclei E(E:{,gf oo | ey L et | Q2 | o3
1 Wi | 8162 ) x | 414 | 340 ] 273
2 | MBi | 8185 x O | 576 | 502 | 435
3| g | 8203 O x | 414 | 340 | 273
4 | i | 8252 O x | 414 | 340 | 273
5 199g; | 8374 x O - | 670 603
6 | Bi | 8417 x O - 1670 603
7 | 2Bi | 8473 O x| 414 | 340 | 273
8 | i | 8526 ) x| 502 | 42.8 | 36.1
9 | i | 8762 O x| 502 | 42.8 | 36.1
10 | 2™Bi | 8992 O O | 342|268 | 20.1
11 | i | 902.0 O O | 576|502 435
12 | ;i 3};;5 O O | 342268 | 201
13 | i | 9182 O x| 342 | 26.8 | 20.1
14 | 22gj | 9273 O O | 502 | 428 | 36.1
15 | i | 936.2 @) O | 576 | 502 | 435
16 | "Bi | 946.0 x O - | 670 | 603
17 | 2PBi | 9545 O O |502 ]| 428 | 36.1
18 | 2gi | 9607 ) O | 502 | 428 | 361
19 | 2™Bi | 984.0 O O | 342|268 | 20.1

20 | i | 1014.1 O O | 576|502 435
21 | ¥Bi | 10228 x O - | 670 | 60.3
22 | 2B | 10265 O e) - 594 | 526
23 | %gi | 10338 | O O | 414 | 340 | 273
24 | i | 10528 x O - 670 603
25 | %gi | 10635 x O - - ] 69.8

208

Q1: Q-value of nuclear reaction from Pb
. L 207

Q2: Q-value of nuclear reaction from Pb

. 206
Q3: Q-value of nuclear reaction from Pb

IV, DISCUSSION
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