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Measurement of Gamma ray Spectrum for the %’Al(p,3p+n)**Na Nuclear
Reaction by using 100 MeV Proton Acceleration System
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Abstract

Research about the proton nuclear reaction is actively achieving on the proton therapy including material
development of fusion reactor. The proton induced gamma ray energy(2754, 1386 keV) spectrum of
27A1(p,3p+n)24Na reaction was measured with 100 MeV high energy proton beam. The proton beam in the
experiment was derived from 100 MeV proton linear accelerator in the KOMAC. We measured the gamma ray
intensity ratio of the decay level from the energy spectrum. The previous results have been compared with the
current result. Strength of measured gamma rays will provide very important information though decide high
energy gamma radiation detection efficiency.

Keyword : Al, Proton, HPGe, Energy spectrum

2 o

of WAy
1 ol gstel ZAARL, 4G AHEHIo B W ougxmiﬂoa
TAE(KOMAC)®] 1510) Q= 100 MeV FHARG/H4718 ALg3tat. S48 drbie 712 dela dsts
shulRA ST 49 grhae] ZEE nuX okl AERES APk e Fad 4EE AF @ A

oz q7bEoel At

FAwo): AT, PR, AEE AZeby, A AAET

AEo)A L gty B3] FARLE <R Holdw

I. INTRODUCTION % HoFe woi slgalel e ek 7dsh Be

i £5o] o1 gl =3 g 7%

Ho pd Awgel g aoh ug guspy ] St A 1, g 7%

Corresponding Author: Samyol Lee E-mai | :samue|@gdsu.dongseo.ac.kr Tel: +82-051-320-2728
Addr. Dongseo University, 47 Jurye-ro, Sasang-gu, Busan 617-716, Korea
Received : November 24, 2014 Revised : December 20, 2014 Accepted @ January 25, 2015

55



56

"Measurement of Gamma ray Spectrum for the 2’Al(p,3p+n)*Na Nuclear Reaction by using 100 MeV Proton Acceleration System”

)
=

o,
)
o

wasle] gt Ao, Fehze AT

2
o}
AFeE Aol g AT 5 o2l 7k 71EEol

FAom wasty k. oleW gFRE FYA
herkE §3E Lol AFold me/mgow ¢
AA $AS Q4EE Wt BN B

1% do T

"R
i

N

E

1o,

e

i

o

ANre rr P ot % ko L oo ox oo 1% 2 v ol Jz wd

=45 A3t
ARE FggRdA AR E WAl gk A}
A H HFFE AR B S ARkl w9
28 AbgEo] A 5 Qe sk opuya) kA A}
WS AR A8 TR AT ok the SR
of i3t el HE o A5 E AFsh I
S F weoAe AFEE o7 HERY A
epde] 24E& Fato] 9] Al i Fa
Ang Agd. $FEe Fopol YoME -
gt 2 e AT Bl FAFtaL UE
p-process] EE Aol o x] A} kg AFE
T Fad 84N AR EH G, aeuA] FAA}
£ o] &% HTY A5 FoplA e wfg- EhdasiA
Tl AL ek o] wj AR = IR} ZH
AeAgel] Ot ARE A4 nEFe ol g
ey FEAE ARkE Am SAHLS A 344 T
ol ol B3 AA gk 53] AAASE 100

T ]
MeV ol/g2] Fd=k 1ol o3t nkg- Aol thdh 2}
2 u$ vESE AHolk weps
P el AT SNg A7 WA B
B Aol nlgol B
o & Fe ALgEolx

[
1
N
=
(7
N
of\
-
BN
it

100 %)) ¥gA+ FW o] ofsfr] TEOIA= “Na
THAA B A ek 2HERS 54
gto] ez 9 Ho| ZuE FAsta 71E ARE
o} v BT B A7e A5 aAs)
I 9= FATEE 71 ATAIE] (KOMAC: Korea Multi-

Purpose Accelerator Complex)9] 100 MeV FAdAAH
7101 AR B PAANE AEsiel A

& Sy,

II. EXPERIMENT AND METHOD

1. FAA 7173
BoAYe Az 71 ]
MeV FAAF 715718 o] &3to] AFsn) FAdAx
% =z

O
AR= 100 MeV A& AR TR 1038 A

2
-
ri‘
A
o,
i
[>
2
S

ZAEY, H AFE 03
o8l wle) Bz =27

= o
el Fgell F4 AIRE AAsta 58] WAL

22
o
N
Y
=2
>
N
>
&
2

Fig. 1. Proton beam out port and sample stand.
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Fig 2. HPGe detector for measurement of delayed gamma
ray from the Al sample.

Table 1. Charateristics of HPGe detector system for
measurement of gamma ray from the Al sample

Unit Characteristic
Size @ x mm 47.5 x 46
Window thickness mn 5
Applied vol tage Volt -3,500
Peak Compton Ratio - 46:1
. 1.8 at 1.333 MeV
Energy resolution keV 8.95 at 122 keV
Relative efficiency % 15

HPGe detector
Power Supply

(-3500 Volt)

Fast spectroscopy
Amplifier

Multi-Channel
ADC

.

Fig 3. Block diagram for measurement of delayed gamma
ray with HPGe detector system.
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II. DATA ANALYSIS
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Fig 4. Gamma ray energy spectrum from the standard

sources.
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Fig 5. Gamma ray energy spectrum from the proton

induced Al sample by using 100 MeV proton beam.
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Fig 6. Energy level scheme of #Na isotopes

B A A= 2757 keVE A HACH o] 2R
= 3 keVALE =2 7HS Yepdch ¥k ofye}
1368 keVe] Zupddo]l AE H 9o o] AL “Nagl Al
1097] o] #9191 1368 keVoll A S+ AejR B3
HHA A= ghepdolt & AtellA] S E 7]
1368 keVel 2aF W9l A w9 dXFE BT
ZAA A OK: 1460 keV) I F9) BAE9] A}
F2E(511 keV, Ka: 729}, 75 keV)oll 28+ WARA E0]
2R QMO 13683} 2754 keVZFTFA O] 9 B ol
oA =A% 3 v A 1368 keViE 23 W
el Al Y] & B o1} 2754 keVe
oF 3 keV U] 2 ks HAU o]AL
A Aol oM ok 0.1 %2l BUXE HoFa Q)
AL YA A FFALE o]& A A

FAHS Eoiwz Aom Hry ggek oyx]a
s 1% T Alde Ake-S F5 o

o] &

%% HolFal ok

o

Loﬁﬁ
1:41\9
:?‘:’xﬁi

O_u

Al

3. %Na 9192049 7nd A=

Fig. 69 Hi= A3} 7Fo] 4123 keV ©]7] ol A
o)== 2754 keV FHEEA ] 7} 1368 keV 7] F9]
oA A= b 11 o] o]RA o Zolof
gk weba] 2 Ao E SAE ek AA &

¥} 1 A9E ZA30] Table 391 YERIQTE 1 AT}
& HEE 206 £ 00327 oRujo] Xpo]E WY

1AL WE719) B8O A Aol A7te) A
oA ok 206H) AE Zo]2 Hol= Row =AEY

o} whebr] 2754 keV X 9] B$- 1368 keVoll L] 5.




"J. Korean Soc. Radiol., Vol. 9, No. 1, January 2015"

o} AL HE 58] 485 % WA SAFS O
[e))]
%

Table 3. Result of the decay gamma ray intensity of each
energy levels from #Na isotopes

2754 27157 £ 1 2381+ 19
1368 1369 + 1 4911+ 70
Ratio 2.06 £ 0.03

%_‘HJ#RE HE7]9] 588 AT oA
1333 keV © 2 T

IV. CONCLUSION

 ATE 100 MeV ¥ 7HE7IE o]8ato]

TAIp3ptn)*Na 3 &S O Na F9)¢AelA

dAEE A ebdSs HPGe HE7IE AR

27549k 1368 keV = #AvRIS SASAG oA E]

Auz= 71 L A3t st & A Sl
o

d
B, & ArelA dofxl AsbEd 5 PR ks
Ao HE7] duA 2 28 WA Fad du
A& sttt 53] 13014 3 MeV AFelo] o]
of ¥ HPGe HE719] &8 2 wA] g S
DS ol FF =L oy Hvpd HE] AS=
£ xol=d Wi T8% 7oE & o v|gE

Reference

[11 B. Naranjo, J. K. Gimzewski and S. Putterman, "Observation of
nuclear fusion driven by a pyroelectric crystal" Nature, 434,
pp.1115-1117, 2005.

[2] Steve Fetter, E. T. Cheng, and F. M. Mann, “Long-term

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

radioactive waste from fusion reactors: Part II" Fusion
Engineering and Design, Vol. 13, Issue 2, pp.239-246, 1990.

M. Al-Abyad, I. Spahn, B. Scholten, S. Spellerberg, S. M.
Qaim and H. H. Coenen, M. N. H. Comsan, "Cross Section
Mesurements of Proton Induced Reactions on 55Mn and
Comparison of Experimental Results with Different Nuclear
Model Calculation”" Journal of Korean physical Society, Vol. 59,
No. 2, pp.1888-1891, 2011.

A. Lancon, B. Rocca Volmerange, “Star formation in starburst
galaxies from near-IR spectroscopy and evolutionary population
synthesis”, Astrophysics and Space Science, Vol. 217, issue
1-2, pp.271-272, 1994.

Lomax AJ, Pedroni E, Rutz H and Goitein G, "The clinical
potential of intensity modulated proton therapy" Zeitschrift fur
Medizinsche Physik, Vol. 14, No. 3, pp.147-152, 2004.

Hiromi Hirabayashi, Hirokazu Ikeda, Harumi Ishii, Kazuaki
Katoh, "Measurement of a Cross Section for the 27Al(p,3pn)
,24Na Reactions at 12 GeV" Journal of the Physical Society of
Japan, Vol. 51, No. 10, pp.3098-3101, 1982.

M. U. Khandaker, K. Kim, M. W. Lee, K. S. Kim and G. N.
Kim, "Excitation Functions for the 27Al(p,x) 22,24Na Nuclear
Reactions up to 40 MeV" Journal of Korean physical Society,
Vol. 59, No. 2, pp.1821-1824, 2011.

Kye-Ryung Kim, Myung-Hwan Jung, Sunmog Yeo, Chan-Yeong
Lee, Jae-Sang Lee and Bum-Sok Kim, "Establishment of
Multi-purpose Target Rooms at KOMAC" Transactions of the
Korean Nuclear Society Spring Meeting, 2013.

Richard B. Firestone, Virginia S. Shirley, “Table of Isotopes”,
Wiley-Interscience. USA, pp.485, 1996.

V. A. Sole, E. Papillon, M. Cotte, Ph. Walter and J Susini, "A
multiplatform code for the analysis of energy-dispersive X-ray
fluorescence spectra" Atomic Spectroscopy, Vol. 62, Issue 1,
pp.63-68, 2007.

59



