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Table 2, Response Function Matrix
(E)trz
E>2 1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 41.2 1.3 1.4
.1 1,000 990
.2 10 990
.3 7 28 960
.4 4 24 63 839
.5 5 11 26 65 743
.6 8 23 37 51 68 600
.7 7 19 33 46 71 64 473
.8 7 18 28 39 62 64 60 372
.9 6 15 25 33 49 60 65 69 323
1.0 5 12 20 27 38 48 52 58 71 289
1.1 4 10 15 20 30 39 42 45 63 75 219
1.2 3 9 14 17 27 33 37 39 48 69 70 144
1.3 3 9 12 15 24 28 30 31 37 41 56 67 135
1.4 2 7 11 13 20 22 25 27 27 34 36 53 67 120

E'’2 represents the top of the photon energy interval(MeV), (E’)!/2 is the energy corresponding to
the top of the pulse-heigh interval(MeV). To yield the matrix elements the numbers in the table

should be multiplied by 1073,
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Table 3. Inverse Response Function Matrix

~(E771'/2
B2 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4
.1 1000
2 —10 1010
.3 — 7 —29 1042
.4 -4 =27 —-78 1192
.5 -6 —12 —30 —104 1346
.6 —-11 —-33 —-54 —89 —153 1667
.7 -11 —-30 -53 -8 -181 —226 2114
.8 —13 —-31 —47 -—-78 —169 —250 —341 2688
.9 -9 -21 -37 -55 —103 -—211 -353 —574 3096
1.0 -7 =13 —24 -—-38 —60 —134 -—225 —398 —761 3460
1.1 -4 -11 -12 -17 —-38 —96 -—157 —251 —630 —1185 4566
1.2 -1 —-12 -18 -—12 —44 75 —149 —224 -—361 —1082 —2220 6944
1.3 -5 —-18 ~13 -—18 —45 —63 —87 —124 =—177 —22 793 —3447 7407
1.4 2 -4 —-16 -16 —25 =—20 -—59 -—-120 -—34 —135 —53 —1143 —4136 8333

E'/2 represents the top of the photon energy interval(MeV), (E’)!“2 is the energy corresponding to

the top of the pulse-heigh interval(MeV). To yield the matrix elements the numcers in the table
should be multiplied by 1073,
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Fig. 6. Response corrected spectra for gamma-
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Table 6. Photopeak Height of Response Corrected

Spectra
Matrix
Source Energy(MeV)
14X14 20X 20
187Cs 0.662 3,570 9,430
2Na 0.511 3,425 3,984
1.274 1,321 3,739
Co 1.173 2,783 5,552
1.332 1,850 5,435
138Bg 0.08 8,217 4,302
. 0.256 6,289 6,716
5Mn 0.835 126 274
5Co 0.122 290 193

Table 7. Comparison of Exposure Rates(R/hr)
Between Those Obtained by Calculation
and Response Matrix Method.

Dose Rate(R/hr)

Source
2020 14X 14 Cal
1837Cs 269.01-0.4 299.740.4 268.4
2Na 300.720.5 297,60.5 305.9
%Co 644.2-0.9 605.02-0.9 630.3
15385 119.410.1 134.9-0.2 134.3
%Mn 10.440.1 10.22-0.1 10.5
Co 1.0:+0.0 0.8%0.0 0.7
Zor, old] vldt inverse response matrix R™1.2

computer(P-E 8/32) & @Azl T v, old A&
¥ computer program & R.E-o] 33}, Table
33} Table 57} edej=l inverse response matrix R7!
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SHY2 2 JAH = AFETIES fraction o] Fr},
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Fig. 4019, 20X20 matrix & A}&3- 7.2 Fig. 5~
Fig, 7¢]t}. o] 2E 29 &L corrected spectrum ¢
Eokg wlassl Slele] 4 KB peak & FolE 102
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cted value & A}8319c}h. 2 ¥E peak sl Ax =

spectrum &
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FAE 2d 2 Al 2 AL € F dov, 244
A Aol & peak & o] H ofuiz} 1 peak 7} A3}
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Zro] & o]t e AL ok o] 799 mAH
spectrum & E®, & RF A7t Frhgd wet
F85F A X =6 2 o] f& smooth response spect
rum 58 histogram ¢ 2 F A% Wt 47, &
Az}l 245 sk spectrum o4 A= AFY 5
A A fluctuation o] &3+ A+HWo 2 Aw= 3 glc),
ol B4 2wl wrdojrx¢] zwk4l spectrum F
Aol o] while] AR R Aoz AA4HA, a3
v 27 kA sl FIEIESTHR spectrum Falzo] ¥
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(e T3 24 AT o3 2A4AFEL
Table 75} Zoh. o714 400 L, Ve Wae =%
Z 6.9cm, 347.3cm? 33.88eVI®L- A}8-3}4ct.
Table 78 A= BHRERL og o= T
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Rkl

X=2.765 X 10— (15)

: A4 %4 (R/hr/Ci)

: 23] 533213} &-§ (photons/dis. )
H S RO G R B (MeV/photon)

: Y A A FgAa(em™)
tAdes Held ﬂﬂ(cm)

Z719 | X(1.293%x107%g/cm?®)
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olvt, mElT 3¢ W= ALY ZEAAINL
23S w, +1gR/hr o]l 2 1%w] 5ke]tl,
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¢ Bolx fE®l, I o] l4xX14matrix & o]
A F7H4 EV2=0,1(MeV)28 5 FupZAd oz 3}
A AR 4 EAT QA4 KFEo] TP
97 WFoz 4741, 2dn B4 #H
L A AF Al e AAE Ge nHA EE
A
ot

8w thx
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2

=

Inverse response matrix h-g it eHES
SeortiEs By 19 JiE spectrum § real photon
spectrum &2 #}F3, = o] F AT BHREES
AAFLE 8 e T ERE 4o

1. Inverse response matrix F¥-& BREREHR ]
J HIBIESHE spectrum 3} ol dEAoAY HE
Bl 7 A spectrum 2] el &3, el
T A Zko] 72 peak & 71A & spectrum fFHf
Bl B¢ oA Bl Jeht: BB Fl u
Al alA E3 FEL S gl 3k e}

2. o] HEe BN e BERERES AZ oL
A Zatetnd 1%0ukdlA Q& 4 Jged, o gEL
o] Egksh 102w wke] Ape] E Hole FL UAEF o
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3. Response matrix 4 4] oA T2& 23
9 Binoz Yy AxE: duyA AFZ uniform
3 BALE UE Aol BREZAA 2ob ebgge]
Jde Aoz ks gleh '
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Hi4% : Matrix Inversion Program

10 g%l\&];):PRINT TAB(12) “MATRIX INVER-

15 POKE 34,1

20 PRINT

40 READ R: REM DIMENSION OF MATRIX
50 DIM A(R.R), B(R,R)

60 DIM B1(R,R)

70 FOR J=1TO R

90 FOR I=1 TO R

110 READ A(J,I): REM INPUT ELEMENT
115 RI(J.H)=A(J1)

120 NEXT 1

130 B(l.DH=1

140 NEXT J
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— &5 S LA : Resopnse Matrix Spectru m o & & zhupfft =

HOME: PRINT “INVERT MATRIX: 7:PRI-
NT: FOR I=1 TO R: FOR J=1 TO R: PR-
INT AL 75 :NEXT J: PRINT: NEXT

I: PRNT: PRINT “ANSWER [S:” :PRINT

FOR J=1 TO R

FOR 1=JTC R

IF A(LD<> O THEN 210

NEXT 1

PRINT “SINGULAR MATRIX"

TEXT: END

FOR K=1 TO R

S=A(JK)

A(LK)=A(,K)

A(LK)=S

8=-B(J,K)

B(J.K)=B(LK)

B(LK)=8

NEXT K

T=1/A00L1)

FOR K=1 TO R

ALK} =T%A(],K)

B(J,K)=T#B(],K)

NEXT K

FOR L=1 TO R

IF L=] THEN 410
=—A(L])

FOR K=1 TOR

A(LK)=A(LK)+T*A(J,K)

I BAERE BF— —13 -
BLEK)=B(L,K)+T*B(J,K)

NEXT K

NEXT L,j

PRINT

FOR [=1 TO L

PRINT “(7;1;%):7s

FOR J=1T OR

PRINT INT(B{L ) *%10A6+.5);% *»;
NEXT J

PRINT® " PRINT® ”

NEXT I

PRINT: PRINT: PRINT

PRINT*MATRIX #INVERSION - — — > UNI-
TARY MATRIX": PRINT

REM TEST OF OPERATION
FOR I=1 TO R

FOR j=1 TO R

$=0

POR K=1 TO R
S=S+BULKY%BK, ]
NEXT K

PRINTINT (2%1000+,5)/1000;%";
NEXT J

PRINT

NEXT I

END

Analysis of Gamma-ray Spectrum and Assessment of Corresponding Exposure
Rate by Means of Response Matrix Method

Seong-Kwan Kim and Jae-Shik Jun

Department of Physics, Chungnam National Uriversity, Daejeon, Korea

= Abstract—=

A study has been carried out for figuring out real photon spectrum from an obse-

rved gamma-ray spectrum by means of response matrix methed, which is known

one of the relatively convenient method for the estimation of exposure rate of a com-

plex gamma ray field in comparison with graphical analysis and least square fitting

of the measured spectrum.

A 33" cylindrical Nal(Tl) scintillation detector in association with multichannel
pulse height analyzer and six reference gamma ray sources coverirg the photon energy
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range of 0.05 to 2.0 MeV were used.

In dividing the energy region for the construction of response matrix, two diffe-
rent approaches were attempted. One is dividing the entire energy region of interest
into 20 bins, one of which corresponds to a width of 0.1 MeV to form 20X 20 matrix,
and another is dividing the 2 MeV region into 14 bins to form 14X 14 matrix consists
of 0.1(MeV)'’2 intervals assuming the resolution of the detector is dependent on
square root of the incident photon energy. Inversion of thus constructed matrices
was performed by a computor(P-E8/32) using the program attached to the end of
this paper.

The resultant exposure rates obtained by this method were in good agreement,
within 10% with those calculated by ordinary formula widely used for a gamma-ray
field of known energy and flux. It is concluded that the photen flux obtained by the
response matrix constructed under the assumption of E!/? dependence is more realistic
than that obtained by the matrix consist of identical energy bins in dosimetrical
point of view.



