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Neutron Energy Spectrum Calculation of Accelerator Target
for Fast Neutron Resonant Technology
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Abstract

Fast Neutron Resonant Technology(FNRT) has been studied the ability to characterize a
material at the molecular and atomic levels. FNRT has been able to determine
concentrations of elements H, C, N, and O in explosives and drugs comparable to many
other common materials. The way to detect them is to measure an object’s effective
attenuation coefficients and total atomic content. Contraband can be identified by their
characteristic elemental composition. The object-detector assembly rotates around the
neutron source and different energy(2~6 MeV) neutrons can be obtained at different angles
from a D-D neutron source. Target data was obtained using the DROSG-2000: neutron
source reaction.
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X-ray AMAIAELE BE 37
o] 7l X-raygE dFEH
(Attenuation C
oefficient)+ &3 2] AU = (Electron Density)9} X-raye oluxd EH3 @AAS 71A 2L
o A "ol HE AMESEE U A G X-ray #allol FE V]oqste F aflow
AF&H(Compton  Scattering) ¥ 334 & 3} (Photoelectric Effect)”} Ath. o714 BAd T 3=
Frled o] =2 Az E 7H B4l SkAIRE X-raye] AHAZF Sl whel
o wo] At} j-r7]§JJr o] e AAMTE 71W A AZEAEo] X-ray 7l
olaL U AE AN A A WstA ZITH1].
gl YA X-ray 7278 (Mutienergy X-ray Detection Equipment)© 7]&
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X-rays AT F Ae 724 FH2 s4AE ol &S 7]1Hi§}%°]4 FEstad =4
= o ZTuly =95 14 (non-intrusive) A &WWH[3-16]] <3+ o]& 7}

] e} I FAAE 7wte g 3 V&S AA 47}7<1i skt ohs

¥ 2ok " asFEAA 249 (Pulsed Fast Neutron Analysis-PENA)[G-8], B2~ 11&/9%
AL B4 (Pulsed Fast/Thermal Neutron Analysis—-PFTNA)[9-11], €& A &4 ¥ (Thermal
Neutron Analysis-TNA)[12-13] 8l FA4A F%H WA 945K Neutron Resonance
Radiography-NRR)[16] 2.2 &3 = glth, PFTNAL F2u&3AAr ga2ds 5948
o] HAALS 243k PETNA, PFNA 283 TNA 2% ddEdd $434E 2/ 8
g 971" EAv-rayd Wid HZ o2 925 AEE 4 gled, TNA, PEFTNAE 3544
8 Bhgol o3t EAv-rayelil PFTNA, PENA« H23std ddoyx] T84 HE& AREe
& FHe L U FARE AT T SAAA Hegadd o EA4dv-rays &
g AN s A gehed ereryE be FAAL
v-ray(10.8 MeV)E HAZE7]o 7153A %, w3 A o]
£ Rtk PFTNAE D-T 747 7H57](14 MeV)E ©] &3}
Fure wiEel AGAQl FAAE Aeastn F ZHolYe A
H 3l HAee T4 T 8 MeVET &2 oA

G o X2 FHZ(collimation) A A Ab&3te]l 24 33k
w28 AAA77] Y ol = EE(Cyclotron)y} #
127427 a8 02 vE FA(TNA) 3|
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TAA R A e ¥ & 3 Z%(contrast) & A7 flal 7147
25 1~8 MeV TAAE SAAA ddede F AT o daxdd 54 294
ge E4A 2akd oz JAstets AR Wlold tE Wy E Bl dyAEadsol 10
o o] FAIRE @] 234 FAe] Fheste] AlgHA el A 4~5d Febo #He ATE <l
3 =R Aol olFolA UA &k wekA B AgilAE nEFEA 18 7= (Fast

Neutron Resonant Technology-°¢]st FNRT)2| 24 2 &2 93 =
tiste] ATttt FNRTAA drglsior & Atgte = Ax, a3 digh Y2 E(Atomic



Density)ell w2 AxQE0E dotopstn] @ 4o AR/t FHHA F& A9 AN =E
LAFEES AAA vk agER, viof, B vas) vl=d MRS AAgEvE TR 4
g d-nkoy s &, dwtel A8 A9-0FE B4, a5 S)-delHE FFaek dvh =
A, FNRTl A @3 445 A4 D-D v, p-'Li ¥ $ININ7] gske] 23715719 B4
E(target) A AE HAstsfoF deh AA, SAAANUA ~HAERS AP & FEAY T 7

A ﬁ]—?(Total Attenuation Coefficient)E 3l 7zt B4 drAdRW 28
B AT FNRTO 4437 98 gjgzdd d4us

Wzt ﬂcm% DROSG-2000 ZE=E o]gate] 287147
A= BAF A3t AFHAS A5517] ¢95te] Gongyin Chen[18]3}F H]
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2. NRR System
199 2 34

% FNRTE 3% AA= 29 13 2. 7}

o] F k= (deuteron) S 7HEA]
A

o)
12F A2 Radiography& AEFX 2 A3E&E —J(scintillatlon screen)a ALg-sko) A
ZAl o] gk CCD7RH ehe] AR &4 J8br] 913k Aola dlzs 9E JEHAIA CCD Hd
gy B 4s Rof F& A4S v FAAEZTH AAE o] G2 vl 7] wiol
dark chambers Ap&sto] W& xphA] Zin
Neutron Radiography®] =|ul] WA A2 A7 WAS op2oH[19].

N= N, e (1)

714 N2 #d 4o olal Nye= #47 gl 271 449 Folnk =3 pue
7 A4 (Effective Attenuation Coefficient—cri) 1L x¥= % QA4 & (Total Atomic Content—#/
af)elth, A AL oA F2E& 7FA A o o]of wet AT E SR e EH A
T FHe AR e dH A #AE AR AR = g

52

22 A9 7+A 2 A (Linear Attenuation Model)

n&FPA P Wg F WA A(single pea)F 4 FAAL AUA GG 15~25
MeV F7+& Aelste] AL§E 4 Qovt o e st Axe] AT 54 3 9o
9a% G4sn e drd U@ WAt Fesl dehis 532 Ao A T
ol el Axvt Lo} A2 A Ad So] WolAn FAA Fahgo] vk 2eA Wl
a9 nEFHA FY WSS AT S5t TR AUA We 2~6 Mevel HE 9=
FHste 99e degn,
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a4 5% H, C N, 2832 09 F wgdiAd S vehlia vk ey o] oy -3kell A
ME e dae dark ZA4 dvedt e s ool dagdiel Wi HAEAE &7
A% WHor AYALE RS st

= W 5AS EFste duA FRE, Els ddstan A T

A sy o]de] dAaEe]
e A idEAdY dEAEsta e F8AE 7SS oy EH’E}%Z‘:_’Q TS
28 & ¥ (Inter-Molecular Effect)9} 4Feh=%] 912} (Scatted Buildup Factor)+ L@ 8FA] &=t
TeA WA Ekke] J*—fj_ et U2 AAH A7 dae FAAAUAE A7) 3L

F BAA%F bE BIETAY BE Ax

apXpgt acxct ayxyt aoXot @omer X other="0 (2)

o3l AYIM ay, ac, ayn, @0, Aope= AA FHATOIL Xy, Xe, Xy, X 05 X O ©l
dAase] giolth 2 1dA Aol dA AT wsadu 4 A7 AT BE
SEHA Y ZA = &k 2 o]FE ouA e JiE S ESlE had 2 308 xdEd F
ATH
N= Ny f v oB) gpte N ¢ & AVE(0) (3)
E,— E, Jg,
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aypx1tapxytagxzt+...tajx;+...+a,x,= b,
Ay X1+ apxot apnxst...tayx;+...+ ay,x,= b,y

Wetd 9 4 4% m=neld W3NS E 5 9
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Examples of Elemental
D %0ther .
Substance %H %C %N %0 | %Cl | Signature
(g/cc) Element "0 0T N0 [ avc | cvm
Salt 0.77 0 0 0 0 60 40 0 0 0 0
Sugar 1.2 7 42 0 51 0 0 0.8 0 0 0
Sand 2.3 0 0 0 53 0 47 0 0 0 0
Water 1 11 0 0 89 0 0 0 0 0 0
Wood 0.62 6 47 0 44 0 3 1.1 0 0 0
Petroleum 0.87 14 86 0 0 0 0 0 0 0 0
Cement 2.3 0 0 0 35 0 65 0 0 0 0
PVC 1.32 5 38 0 0 57 0 0 0 15 11.5
Polyethylene 0.94 14 86 0 0 0 0 0 0 0 0
Fiberglass 1.7 3 46 0 35 0 16 3 1.3 0 0
Sea Water 1.02 10 0 0 88 1.2 8 0 0 0 0.03
Explosives
PETN 1.76 2.4 19 17.7 60.8 0 0 0.3 0.3 0 0
TNT 1.63 2.2 37 185 42.3 0 0 0.9 0.4 0 0
Dynamite 1.18 4.2 14.8 185 62.4 0 0 0.2 0.3 0 0
C4 1.65 3.6 21.9 | 344 40.1 0 0 0.6 0.9 0 0
Korean food [21]
Kochujang 1.23 82 24.9 0.2 57.2 0 95 0.4 0 0 0
Doenjang 1.24 79 174 0.4 56 0 18.3 0.3 0 0 0
Narcotics
Heroin
. ~0.87 6 62.1 35 19.7 8.7 0 3.2 0.2 0.1 15
Hydrochloride
Cocaine
~087| 65 60.1 4.1 188 10.4 0 3.2 0.2 0.2 16
Hydrochloride
Heroin ~087| 6.3 68.2 3.8 21.7 0 0 3.2 0.2 0 0
Cocaine ~087| 6.9 67.3 4.6 21.1 0 0 3.2 0.2 0 0
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gule] eAFES =Y 7FeA S Avieta AvH22]l 1Ea s AFE F oy a5
A5 X-ray gvlo )7t dret FadAMEd o8 AEste WS Ao EA Fds
% YolyntolES W9l HEsly aEFAx A (Fast Neutron Analysis)¥ A& 542
AWM (Thermal Neutron Analysis)S YA ENE Fo EA8x9 C%, 0% A&7t
H|=8ke] o]l FETE mabA bW 34 JH9@2~6 MeV)E 717 FNRTE A8 745 747t
o dux], 2= A FYites T3 daE HAATE 7 F deE FHE M

3. D-D Neutron Source Simulation ¥ 4]

3.1 7198 dlgx A=A A A(Variable Energy Neutron Source)

RFQ(Radio Frequency Quadrupole) 7171+ Z%& # 7] (oscillating electric field)o] A&

7bEehe JEHEA wF ddE AREstel W = F9lel 4709 9 ¥ d = (parallel vane)s &3
fielde Wtk E3F 2@ o= bunch REe} shddA 7k RES At ARSE & e
AR 7HAAL e ZHolrl BE 3~10 I E, A Aol 1~3 JER AFolBw ¥3, gy A

Hgad 5 oArHz3l
oA ddEEe] dAadEH, C N, O, 21 1o A4 b=
UAE Abae] F& FHa 99 225~25 MeVS ¥

S £
5~5 MeVe X3 4 Q& vbE Wafjof girh old a2 W
[e=]

sk uhel XA Ao w
DD &ur2S AEslg on DROSG-2000 ZE[24]8 AFE3le] Zhmo] w2 A Ae] o4 A

HEEE AAed YA duA W e 4R F ke ui RS AEs
DROSG-2000 =& 577kA9 ©douvx] F4x A9 whg-& BARst7] 918 Z=eolt) ¢
Few= AA AR 7T F Uk A UA ] BnE AME o
A g glom dNkES Ta A" gddyA FAAAERRYH F
F A =¥ E¥l(white neutron spectra)S 73 4 23 (np), (nd), (nt
< 3 AR TE UG gaHAS A4 F Ak

3.1.1 D-D Z}#3x

rlo

DD uk-3-
2H+ *H= *He+ n+3.260MeV (5)

HES-o] Qgkel 3269 MeVelal AxHor FAA= Z AuA WS 7t
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Ed=250MeV
"""" Ed=225MeV
= = = =Ed=200MeV
Ed=1.75MeV
Ed=150MeV

0 Lo
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O 2 ZhEo] W& DD FAA | A

Zheo] e DD s/4#ke duA #Exe 29 29 2o FdAAUA 7ol 15~25 MeV
o W AR A= W 5.76~4.76 MeVolaL 1200 4] 2.23~2.18 MeV = ®Eoj 7t} 47}
AR E 100°8tt e Ztwo A FEAqYA ] &S & 5 AUt FAL FEA B H
5 AHEstr] Wil % 2 WL FAAA A A duAE 2w @A E Aolx, A T4
Aol YA &= B oA ~2HAEQS JHAA . wheF A FEAA U A 7F 25 MeVelal i
Aol FA7F 1.0 MeVold Al 421 0" A 576~4.76 MeVe] oA EX2 747t}

T 2 AFEAE AR AE AR ] el B4 v dpue ug A
of 9jste] F(9-Hrt F, FAAAT 7ZF G pixelol Al oA 2~
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3.1.2 3A Geometry

Target Detector
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a9 4 Zxe whE 33 AL v A=

Zheo] WE 3 A geomtryy 1% 49 zZom AR FdA WS FAEJ
i FAAAEY oA EEx7F GebA] 7] witel FNRTS A &3k7] faA
shubel A= FAste] Al el wet e AA Ak drh avEE FEEE



& ooAvA FRHE~1070)= AAs 2 pixelel Wi H, C, N, O, t& = shvfel gk A
HANE 78 7 Jduh VA dAE F AR Y olf= At HefdE wAE

GAR 1A AT ANY DAL YE o AT AAN WA BHE D
E P A

SRR SR e A

ek AWkE A d , ,

g 7be e e Rs W v8A Sk itk

A geomtry @529 ¥ (Tomography) ¥ &= E}EE}. Tomographyoll A 23 HE7]E 3
AN E 2He = & é(progectlons)o A7) gk oA ¥ FNRTE F9o] BetA A
3721 A dAE]ofof ghrh= Aol Mg JEA| AL Q)

4_ T T T T T T T T T T T T T T T T T T T T T T T T T T T | T T T T ]
I- | Neutron energy at|different angle B
[ | covers resonance|features. Hydrogen ]
L | (For Ed=2.5, Ed=0.6MeV) Nitrggen a
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r 90° Oxygen ]
A —
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r \m\ 50° ]
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= I ; ‘ g ]
5 rC 1200 0 [l ]
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Energy (MeW)

LI
o

5 the ZEd A FHA4 AuA

oE zmeld el FAA OUA REE Fakel a¥ 5 et %A
Eq=25 MeV, AE4=0.6 MeVZ 7143}t

2 = 49A ¥4 & (Deuteron Target)

RFQ A@7t&7120E 7H&d SdAdvAe S84 B8 FEs] FA4S DA
EAE e AA Aol ALY A AAE mAFolry, ey 1A FEREo A
FAA F&Gied)o] W3 nA EAES T 24 0 A4, 2gx 5AE gz A

3 (lifetime)©] &obA= wAR A A B2 ww=s AAshs o[24], FNRTe #8387 &

Jgtslch Wb B A= DROSG-2000 =S ARE3le] Tkrke] oy XA tﬂ§‘r°ﬂ 2 A A
(Stopping POWer—OﬂLﬂX] EA)E At AHESH7] f1ske] T d AU A
Hsle w2 F vk S AAks ok

7h2s cell& H%E g2 QA (entrance window)S 7FH A@TFolry, JAHE FH wH(beam
stoper)S A-Fol Ha& sl EHAd W stope TS 3}

STEA W TYA 7 BH LA AUAE o BE qUAE Y. A A
H FAAE BE ZdEoA AR HA(spread) @Zol YERET FdAe] AA T dE/dAxE
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_dE _ 47re422NB
dx m U2

(6)

2 2
v v
c? )= c?

02
B=Z|In2 my=p ~In(l—

4714 veb zet QAFIAIY SEoh Astoli, N wel AAUe 544 AAe A4,
FA Ao YAUE, mg B e WA AAAZF HAstolrt, wiHS 1=
Zkel @3t o} 7] B potentials LEFWITE

FEA ol AR 19 63 2k

A 4

0.8 - Deuteron Gas at 3.0 atm. I
0.6 —
X
S J
w
o
~ 0.4 H
-
w
- J
0.2 4
0.0 T T T T T T

0 2 4 6 8 10
Energy [MeV]

29 6 371l TEAAUA EA

FEAANIA 2 MeV A A oyA] &4 ¢k 017 MeV/em oL, 04 F4A4E B4E
A FUAANYA HAT & oA spread’}t dojdtt}. dvistH NRRE] 2o BtA
A #] = EG L e g daE sk shy] ujited EAES 068 MeV vHE
A F oy #e 2A0A &8 AF#H(lateral straggling)2 ¢F 1.8 mm F =3t}

/44 & Yv DD ¥ aw s TS W dF 2 S 5245 7 o8 7+
otk 0°9] whewE A3 F wrsuwAe g 73 o] et



100 r

Total [b]
------- 0 degree [mb/sr]

Cross section
3

0.4 0.8 1.2 1.6 2.1
Ed [MeV]

9 7 DD wEgel A 0'eF v A

DROSG-2000 mE 2 A}835le] AAS 2y o 2XRE FAR 82 A&3ac. & =44
& (Ed=25 MeV, x=2 cm 18|31 AEd=0.75 MeV)<& F 44x10° neutrons/uA - sec g (°
ol A 1.9x10° neutrons/sr * A - sec ZHS At}

ofy

4. A5 4 R F5F A9

Mz

A 7k 371 240 ARGl td G Chene] A4k A¥ ghol 2 MeV Aol A oF
02 MeV/ecm®] oyAEAe]l i FW 4ol 1 mm AES #ES 7}7<lﬂ UA
DROSG-2000 #Z =% Ap&stoe] ®ARg A gk} ofgho] Apo]& Helt}, o] =

o] 9] XA rangeE AAFste WHolA Azke] A $ Bethe's formulag o] &3 A4t
o]l B Ao AME3 F =+ Bethe's formulaZd 7|22 3 Zieglere] A& E[24]5 Bz 4t
8 #olM o2& Zol(9F 15%)°]th.

T34 &S Z= EAF Adol] M3 G. Chen A Ad ghol

0x10° neutrons/UA - secZ

Ml oo

A JeEbgth o] A 2R E DROSG-2000 =g Abgste]l BAE AAA w&d A 4
ofetal AHEE BT =& & AeS & 5 A

+ A7l = FNRTE AdgAon A gsty] fl& gqd=dd dAEEs 7aala ofd w
2 dagenE A& om DROSG-2000 Z=E o] &3te] 2871457 BAES MdHow
A

FNRT| Awkel] "A Ag5744 A7 ZAats npeoz MCNP-4B Z=o] AlEdola {19
Az o)gste] WEde] dadEs A4 Aouh FF dA=AEel def An st
AETHA T A= A A 28T sleln.
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