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A new method is proposed for obtaining the interpolated
response function for any radiations measured by the proton
recoil type scintillators. This is the method that the
interpolation be performed using the reference response
5 functions which are in advance normalized so as their cutoff
pulse height agree each other. This method is found to be
useful for interpolating the response functions, especially in

the vicinity of the cutoff pulse height.
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1. Iﬁtroduction

To measure the radiation spectrum by a method with which
the spectrum cannot be directly obtained, the unfolding
procedure is necessary. We encounter the problem in neutron
spectroscopy using a proton recoil type scintillator. In the
unfolding method, information of the detector response to the
monoenergetic radiation is required, which is represented in
the form of a métrix. The energy response 1is usualiy obtained
by Monte Carlo calculation supported by experiment for several
specified neutron energies. At present, only few response
matrices are usually available, which are given by Verbinsgki
et al.l’z) for several sizes of NE213 liquid scintillators.*)
In principle, the pulse height mesh points of the matrix must
be coincident with those of the pulse height spectrum measured.
The energy mesh points must be selected according to the energy
region of the expected spectrum and the resolution of the
scintillator. So, one must prepare his own response matrix
corresponding to the experimental setup, by an interpolation
procedure using a reference response matrix such as the one by
Verbinski et al., or otherwise he must process the measured
pulse height spectrum so its pulse height mesh points will be
fit to those of the existing response matrix. In both cases,

- the interpolation procedure is necessary. In general, the
energy response for monoenergetic radiation (response function),
a set of which constitutes the response matrix, has the maximur

pulse height (cutoff pulse height) beyond which the response

is uniformly zero.

*
) made by Nuclear Enterprises Ltd.
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Therefore, it is seen that the interpolation of the response
functibnAwith respect to radiation energy is meaningless in the
‘region between two cutoff pulse heights of the response
functions for lower and higher neutron engrgies. Actually, the
interpolated function in this region is evidently not connected
smoothly at the lower cutoff mesh with the response function
below this pulse height mesh. Considering the fact that the
response function in the vicinity of the cutoff plays a most
important role in unfolding the pulse height spectrum,'utmost
attention must be paid for the interpolation in such a region.
In this report, a new method to produce a interpolated
response function is proposed. The response functions utilized
for interpolation are all normalized so that their cutoff pulse
heights agree to the common one. The interpolated response
function is then obtained by an ordinary interpolation procedure
using the normalized response functions, and the expected
response function is obtained by reversing the interpolated
function so that its cutoff may take the original value. To
obtain the reasonable results by the above method, it is
necessary that the normalized response functions be similar in
shape. The Lagrange's formulae for the two and three points

interpolations are used in each interpolation process.
2. Interpoclation Method

In this section, we will discuss a procedure of obtaining
the response function Rx(pj) of a radiation detector for
radiation having energy Ex, using two kinds of response

functions Rl(pj) and Rz(pj), presented by the dotted lines in

__2.....
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Fig.l, for the radiation energies E; and E,, respectively. The

pulse height mesh points pj's are common to the response

‘functions for any radiation energy. Here, the pulse height

mesh point be represented by phmp. As shown in Fig.l, in the
region between upper cutoff phmp Pl,up and pZ,up’ only Rz(pj)

is useful for interpolation, since Rl(pj) is zero there.
Therefore, the ordinary procedure is not suitable in this region.
In order to avoid the problem, following procedure is proposed.
As in Fig.2, two response functions used for interpolation are
normalized so that their cutoff phmp may agree to a certain
common pulse height p , which may be set arbitrarily. The

nori

PLorm is set to be equal to the cutoff phmp of the available
response function to the highest radiation energy of interest.
This normalization is equivalent to the variable transformation
with respect to the pulse height of each response function for

any radiation energy. This transformation Rl(pj) is performed

by setting the new phmp qq 3 as follows:
r
P
a 4 = p.—D2Ofm _ (1)
¢ 3 J p
l,up

The transformed phmp q5 5 for Rz(pj) is similarly given as
r

P
= p norm (2)

92,3~ 5
2,up

Once the cutoff phmp for any radiation energy EX is

determined using both P up and Py up’
I r

EX - E2 EX - El
Py wo = Plup——— * Py g T (3)
x,up lrup — 2,up -

El E2 E2 El p

the transformed phmp 9, 3 corresponding to the radiation energy
14

_3_



JAERI-M 6536

E is obtained using p as
x X, up
P
norm
L= [ rm———— 4
qxlj pj p (4)
X, up

Let the normalized response functions of Rl(pj) and Rz(pj)
A"
be denoted by k (g, .) and R (g, .), respectively. Then, the
1'*1,3 272,

normalized response function for any radiation energy Ex’

A%}
Rx(qx j) will be obtained. Using the Lagrange's formula,
r
AY] . . .
Rx(qx,j) is determined: ( cf. Fig.2 )
E - E
A" n X 2
R . = R .
X(qx,j) l(qx,j) - &
1 2
E - E
v
v R (a, )—E— (5)
/] g - E
2 1

where ﬁl(qx .) and ﬁz(qx j) must be determined prior to the

Ij r

computation of eq.(5).
Since 9y 3 does not always agree to any cne of the sets of
r
A"} ny
ql,k and q2,k (k=1,2,*""}, Rl(qx,j) and RZ(qx,j) must be

obtained by the following interpolation formula:

g, - - g g, s - g
% - ™ X,s] lrk+l X,:J l,k+2
9 % T 91,k+1 %1,k T 91 k42
" 4, « ~ 4 d, = ~ g
] 1,k 7%,] 1,k+2

dqy,x+1 " Y1,k F1,k+1 T 91,k+2

N 9e,s ~ 91, Uy, 7 F1,k+1
+ R, (g ) . , (8)
1'71,k+2 _ _
91 xe2 T 91,k 91,k+2 T 91,k
where ql,k’ ql,k+1 and ql,k+2 are the nearest three phmp to
q. ., on the transformed pulse height axis for radiation energy

X,

El' R2(qX j) can also be calculated by the eguation similar to
r
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. . AV “
eq. (6) with the replacements of Rl(ql,m) by RZ(qZ,m)
(m;k,k+;,k+2) and ql,m by q2,m'

Then, the response function Rx(pj) for any radiation
energy is obtained by reversing the obtained Ex(qx j) using the

following relations:

_ Y

J
P

—porm ., (7)
P

As an example, an interpolated function Rx(pj) obtained
from Rl(pj) and R2(pj) is shown in Fig.l.

As described previously, the phmp of response matrix must
be in accordance with those of measured data. Therefore, it is
necessary to calculate the response function Rx(z) at any
desired pulse height z. This is obtained using Lagrange's

three points formulia as follows:

Z - P + zZ - p +
R (z) = R_(p) SEY k2
Pr = Pr+1 Px 7 Prs2
z - p z ~ P
k k+2
+ R_(p, ) .
p.4 J\:+l
Pre1 ~ Px Px+1l 7 Pr42
zZ - p Z - p
k k+1
+ R (P, ,,) : , (8)

Pr+2 ~ Pr Prs2 7 P4l

where Prr Pril and P4, are the nearest three phmp to any
pulse height z.

The flowchart is iilustrated in Fig.3 of the interpolation
procedure for the response function using Lagrange's formula.

The computational code was programmed in order to give shape to
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the above method. In the Appendix are included the

des¢ription of the code : i) description of input data, ii} the

“1list of the input data for sample problem presented in the next

section and iii) the program list.

3. Sample Calculations and Discussion

The response functions for 11 specified neutron energies

- were interpolated by the proposed procedure, referring to the

response matrix of a 2"x 2" diam NE213 liguid scintillator
given by Verbinski et al. as reference data. The interpolated
results are shown in Fig.4 together with the reference data.
The neutron energies are so selected that they may take the
mean value of each interval of the energy mesh points adopted
in the Verbinski's matrix. In Table 1 are listed the neutron
energies adopted by Verbinski et al. and those adopted in the
present study. The pulse height mesh points are the same as
those of the reference matrix.

As evident from Fig.4, the interpolated.response functions
are all smoothly varying functions up to the cuteoff pulse
height region. The rigorous examination of the validity for the
calculated results is to compare them directly with the
experimental results or the same results by Monte Carlo
calculation, but the experiment of the Monte Carlo calculation
is not always available. On the other hand, the proposed
interpolation procedure requires the assumption that the
normalized response functions utilized for interpolation be
similar in shape. Neglecting this assumption; that is, using

two response functions whose energies differ unreasonably,

_6__,
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makes fhe procedure itself meaningless. The intervals of
neutfon'energy mesh points satisfying the assumption cannot be
estimated guantitatively, but it is considered that the mesh
intervals, at least, of the response matrix referred to in this
study are small enough to satisfy the assumption. S50, the
interpolated results derived from such reference data are
considered to be reasonable. However, this is only true for
interpolation, but not for extrapolation. There is no
difference in calculational procedure between the two because
both use two responses which correspond to the nearest two
energies to the neutron energy of interest. However, the
extrapolated values are generally not so reliable as the
interpolated ones, and besides, their errors cannot be
estimated guantitatively. Therefore, it is not desirable to
use an extrapolated response matrix for the unfolding method.
The present method may be extensively useful for obtaining
the interpolated pulse height distributions for any radiation

obtained by proton recoil type scintillators.
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The response functions on the original pulse height
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axis. Rl(pj) and Rz(pj) are the reference functions,

and Rx(pj) is the

interpolated one.
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N=1,NMAX

Neutron Energy for
Read : E_(N) Response Function

Expected

Calculate P, up from exp.(3)

Select the Nearest Two

Energies to EX(N)

J=1,JMAX

Calculate ﬁl(ql,j) and ﬁz(qz,j)
from exp.(6) '

Calculate ﬁx(qx,j] from exp.{5)

Calculate Rx{pj) from exp.(7)

be—

Caiculate RX(Z) from exp.(8)

b S

End

Flowchart of the interpolation procedure for the

response function.
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Table 1.

The neutron energies of the response functions in Fig.4.

No E (MeV) No.| E_(MeV) No. | E (MeV} No. | E_ (MeV)
n n n n
* *
1| 0.33570 2| o0.47 3 | o0.60 | 4 0.77
*) *)
5 0.946 6 1.10 7 1.25 8 1.40
*) *)
9 1.56 10 1.74 11 1.91 12 2.45
* *
13 | 2.98 714 | 3.47 15 | 3.96 ' |16 | 5.00
*) *} '
17 5.97 18 7.00 19 8.12 20 9.56
*
21 | 11.00 V| 22 | 12.70 23 | 14.40
%) .
reference energies
102: T T T T T 71 T T T T 7T T T T 177 FE
o) M SN i
R . W - 3
] s .
&, 0 i --i__ e
10k S SN g
c — -~ AR | 3
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L b\ g o= \:\--.._“_ I T\ \ m
_1— \\ :_)) ) [ i : ' \ —
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- 4 1 R 3
s \ ! e =
i I i Pl ]
: \ Vi ﬁ
-2 l‘l \ 1 \
10 — 1 sl L _l‘ L i LSS
102 g - - 10
PULSE HEIGH (LIGHT UNITS]
Fig. 4 The interpolated response functions (solid lines) and

the reference functions {dotted lines).

The

corresponding neutron energies are listed in Tabkle 1.
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The description of the program

(1) Input data format

(2)

1.
2.

3.

JMAX, KMAX, NMAX (10I6)

(EN(J), J = 1, JMAX) (6F12.5)
(PH(K), K = 1, KMAX) (6F12.5)
(DD(J,X), K = 1, KMAX) (6F12.5)

repeat (J = 1, JMAX)

(X(N),

N = 1, NMAX) (6F12.5)

Detail description for input

1.

JMAX

KMAX

NMAX

EN

PH

DD

Number of neutron energy meshes of the
response matrix referred to.

Number of pulse height meshes of the response
matrix referred to.

Number of neutron energies for which the
interpolated response functions are to be
ob=ained.

Neutron energy of the reference matrix.

Pulse height of the reference matrix.

Element of the reference matrix.

Neutron enerqgy for which the response function

is to be obtained.
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(3) Input data list

.n||*--.-l.---*-c-a2u.-o*¢|'¢3s--.*-..-4..--*-.o-5.o.o*--;.6.--.*-..07-¢|-§o-t-8

12 150 11

0,3350 0+6000 Q9450 1.2500 1,500 1.9100
2,9800 3+9600 5.97C0 B,1200 11,0000 14,4000
0,0100 0.0105 00,0110 0.0115 0,0120 0.0126
00,0132 0.0138 0,0145 U.0151 0.0158 0.0168
C.CiT4 D.0182 0.0191 G.0200 0.0209 0.021%
0.0229 0.0240 0,0251 U.0263 0,027> 0,0288
0.C302 0.03186 ¢,0331 U.0347 0.03€3 0.0380
G,0398 0.0417 0.0437 20457 0.0479 0,0501
0,055 0.0550 00575 0.C603 0,0631 0.0661
0.,0692 0.0724 0:,0759 0,0794 0,0832 0.0871
0.0912 0.0335 0.1000 0,1047 G.1096 0.1148
0,1202 0.1259 0.1318 0.1380 Uel4as 0.1514
0,1585 0.1660 C.1738 0.1820 ¢,1905 0.1995
0,2089 0.2188 0.2291 0.2399 0.2512 0.2630
0.2754 02884 ¢.3020 0«3162 Q3311 0.3467
0,3631 0.3804 0.398l 0.4169 0.4365 0.,u571
G.4786 0.5012 0.5248 05495 0.5754 0.6026
G.6310 0:6607 Q6918 0:7244 C.7588 0.7943
0.831¢ C.871C 0.9120 . 0.9550C 1,0000 1.0471
1,0965 1.1482 1.,2023 1.2589 1,3183 1.3804
1,4454 1:2138 1.5849 1.6598¢ 1.7378 1,8197
1,9055 1.9953 2.0893 2+.1878 2,2909 2.3988
2,5119 2.86303 2.7542 £.8840 3.0200 3.1623
3,3113 3.46T4 3.6308 3.8019 3,9811 4,1687
4,3652 45709 4,7883 5.0119 5.2481 5.4954
35,7544 6.,0236 66,3096 6.6069 6.9183 Te2b444
T.5858 Te9433 8.3176 #7098 9.1201 %.5499
18,8324 19,0890 19.3719 19.71e63 20,1452 20,6636
21,2583 21.:9029 22,5671 23,2245 23,8596 24,4637
25,0316 255504 25,9908 26,3007 2o bklu2 26,2396
25,7152 247859 23,4362 21.6932 19.6252 17.3319
14,9305 12.5399 10,4663 b,1925 6,3732 4,8343
3,5768 2+.5820 1.8194 1.2519 0.8416 0.5530
0.3553 02233 0.1373 0.0827 0.0484 0.0282
0.,0153 0,0089 0.,0048 00026 0.001% 0.0007
0.0004 g.0002 00,0001 0+«0000 0.0000 0.00C0

') L) [) L] . [

« ' + . ' .

+ ’ . L] . 1]

[ * [ . ’ ’

’ L] » . . s

* . ’ ] . »

. . r Al + (]

] ] . * . ]

r ’ ] ’ ] ]
88,9265 8.8842 8.8255 8§.7670 8,7222 8.6988
8.,6968 B.7104 8.7304 -B.T478 8,7570 B.75T72
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lvoa*-ur-l..--'u---2-.--*--lc3-|l.*.-ol“t--.*o-..j-..-*..e.b.--.*ln.cT-n'-*.---s
8,7519 8.,7440 8.7537 8:7768 8.8240 8,9012

9,0131 901640 9.3567 345923 9,8687 10,1805

10,5183 10.8688 11.2142 11.5307 11.788¢ 11.9529

11,9859 11.8527 11.5273 10:9983 10,2736 9.3801

8.,3613 742707 b.1647 5.0%55 4,1057 3.2220

2,4698 1.86442 1.3429 0+¢9536 0.6604 0,44060

0.,2937 C.1886 0.1181 0.0721 0.0429 0.0249

0.,0141 0+0078 Q.0042 G.0022 0.0012 0.0007

0,0003 0.0001 0.0000 ' . .

L] L] . . v ]

v + . ' v 0

L] . . L [] L]

1 ’ + + . ]

] v . ] + .

L . L] L [] ]

' * . ’ . .

N " ) ] . .

. ] * . N [

’ * ] » '

’ + . ' . '
5.3772 5,3200 5.2499 5.1770 5.1094 5.0524
5,0070 4.,9709 4.9391 4.90e7 4,8701 4.8279
4.7807 4+7309 4,6807 46317 4.5847 4,5394
4,4949 4.4508 4,4071 4.3644 4,3235 4.2804
4,2508 4422086 4.1957 41771 4,1650 4.1629
4,1704 4.1596 4.2222 442697 4.3335 4.4140
4,5105 4-020‘} 4.7385 4.8569 4,9651 5.0504
5.0997 5,100 5:0417 4.9170 4,7234 4.4527
4,1409 3.7682 3.3582 Z+9261 2.4891 2.0538
1.6633 1.3059 0.9938 07331 0,5374 Q.3985
02573 041571 00902 G085 0.0242 0.0112
0.0047 Q.00L8 0.00086 0.0003 0.,000% 00,0000

N . ] . ) L]

4 » . + . '

+ Ll Ll L3 » *

[ . L] r + t

] . v + . [}

[} ’ L3 . * .

» . ' . B .

] . . 1] . .
3.9674 3.8694 33,7728 3.6822 3,021 3.5349
3.4804 Jeeles 3.3991 3.3648 3.33086 3.2952
3,2589 342227 35,1879 3.1550 3.1241 3.09486
3.0656 3.0363 3.00863 2:9757 2.5445 2.9128
2.8808 2:654768 2:81l45 2.7807 2.T468 2+7132
2.,6807 2:6499 2.6217 £.5970 2.5765 2.5610
2y5512 210476 2:5506 2:5604 Z2:5768 245999
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l"'*'llillt"*l"l20¢ts*i-
2,6290 2.6637
2.8539 2.8878
2,6937 25722
1.6398 13975
00,3431 0.2207
0.,0077 00030

. *

. *

[} ]

' [
3.4259 33120
Z.8862 2.8358
2.,6208 2:5749
243540 2+3126
£.1198 20892
1,9841 1.9670
1,8553 16292
1,7224 1.7083
1,6839 1.6913
1.,7911 lebl5d
1,8261 1.7968
1.3745 1.2293
0.,3541 0.2232
0.0041 ¢.0012

¢ .

. '

' .

' *

' B

' 1
Z.8613 26860
2,1527 221004
1,9282 1.8989
1,7680 1.7418
1,6022 1.5753
l.4594 14391
1,3387 1.3190
1.,2302 le2148
1,1455 1+.1356
i.1143 1.1157
1.145) 141590
1,2004 1-1875

FJAERI~M 6536

"3"'-*|Il'4lllI*ttO's|0|'*nulu{’olll*"l!?'"l*"l'ﬂ
2,7029 2.7451 2,7882 2,8291
2.8962 248843 2.8484 2.785%4
2.4211 2.2418 Z2,0500 1,8697
1.1520 0,9139 00,6540 0,5016
g.1327 U.CT41 0,0382 0.0180
0.0010 0+0003 0.0001 0.0000

L) 1] . »

1] 1 ] '3 [
3.2043 3.1060 3,0197 249467
2.7917 2.7503 2.7088 2.6657
2.5290 Z:453% 2.4399 2.3970
2.2710 2+2302 2.1909 2:1539
2.0623 2.03%0 2.,018% 2.0009
1.,9487 1.9284 1.,9057 1.8811
1.8038 1+78G0 1.,7583 1.7391
1.6968 1.6881 1.,6828 l.,6812
1.,7035 17204 1.,7414 1.7655
1.8369 1.8512 1.8524 1.8400
1.7504 16858 1.6021 1+4987
1.0641 0,883¢6 0.6965 0.9154
0.1276 0.0655 0.0294 0.0119
0.0003 U0001 0,0000 '

1] 1 3 .

L] L] [] L]

. ' . .
245352 2.4080 2.3032 2.21%0
2.0582 2.0222 1.9895 1,9584
1.8709 1.8442 1.81686 1.7934
1.7147 leb867 1.6583 1.6300
1.5496 1.5252 1,5021 1.4803
1.4190 1,3990 1.3789 1.3587
1.2998 1.2814 1.2637 1.2466
1.1988 1+,1839 1:1699 1.1570
11276 141215 1,1173 1.1149
1.1192 1.1251 1.1309 1.,1332
1.1737 11815 l.1982 1.2034
1.1637 141287 1.0833 1+.0280
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P SRS S e P S FUE N S TR TS PR I S RN Sy TR L)
0.9623 O.8845 0,7917 V6824 0,5582 0.4265
0,2993 01897 0+1068 0:0528 0.0223 0.0080
C.0024 G.0006 0.0001 0.00C0 B .

' 4 ’ . . ]

’ L) . ] N [}

* 1 + A L] A

v ' ] ’ . *

[ * ] v » '

] t 4 ] v ]

L] . L} . ] L3

] ' . ' " '

[ * L] ¥ . L]

] r . . . -
2,0525 4.3794 3.,8086 3.3252 2.9169 2.5731
2,2849 2.044] 1.8436 1.6771 1,53%2 1.4253
1.3319 12557 1.,1943 1.1450 1.1056 1.0737
1,0476 1.0253 1.0060 U.9885 C.9723 0.9569
Q.+9417 0.9262 0.9109 0.8%46 C.8776 0.,8599
0,8415 08224 G.-B029 C.7832 C.7634 0.7440
00,7250 0.7068 0.6896 0.6735 0.6586 O.o447
C.6319 0:620G 0.6089 D+5982 0,5887 0.5793
0.5702 02611 0.5520 Q5428 0.5334 0.52642
0.,5154 C.5073 0.5003 0,4944 0.4891 0.4835
0,4800 G«47TT0 0.,4741 U709 0,4671 0.4627
O|‘4579 014532 004“88 : 01‘4453 0,"-‘330 00‘3418
0,4417 0.4423 C.4433 O, 4443 0,4453 Q.4463
0,4475 O+4485 O.4484 04455 0.4382 G.4238
Q.4081 0.3873 03664 U«34B4 0.3353 G.3255
C,3134 00,2902 0.2480 U.l1872 0,1192 0.0614
0.0247 0.0075 0.0017 0.0003 ¢.0000C '

’ L) [ ] L . -

L] ' * ] + ]

' ] . ] . .

1 ' ’ . . .

L] . . . L3 v

1 L] * . . [}

' L ) . . .

* . ] 1 N L]
5.,2401 409632 44,6368 42718 3,8822 3.4838
3.0914 2+7117 2.,3722 Z+0614 1.7884 1,554&2
1,3574 1.1952 1.0639 0+9591 0,8763 , 0.8112
0.7597 0.7185 0.6849 Ceb5T70 C,6332 0.6127
0.5948 G791 0.5653 0.5532 G.5426 0.5333
0.5250 05175 05104 0.5035 0.4965 O+4892
0.4816 0:4738 0.,4651 Qet564 U, 4674 O.4384
0,4295 0.4208 0.4123 04040 0,3959 CG,3879
0,3799 0+3719 Q.3638 0.3556 0.,3473 0.3397
0,3321 043251 0,3186 03127 00,3073 0.3021
C,2978 0412940 0.2907 0.2876 U,2847 O.2817
0,2786 0.2752 0.2716 0.2678 0.2640 0.2603
C.2568 02538 0.2510 0+2494 0,2491 0,2501
C.2525 0:2555 Q.2584 C.2602 00,2604 0.2590
0,2567 Ue2h4d C.2542 U.2554 0,2%83 0.26e2
0.2658 0+2670 00,2643 Ce2569 0,2458 0.2327
0,2201 0.2090 0.1983 o 0.1831 0,1567 041160



s v ¥,

Q.0687

-
I

66,1040
3.,5571
1,4510
0.65086
0.4291
0,3513
0,306
0.2648
Gy 2297
0,1933
0,1645
0,1388
00,1271
C.1152
u.,1038
0,1044
0.1024
0.0965
0.,1121
60,0732
0,00C0
L

6.0191
3.5778
1,4642
00,5649
C.2760
0.212¢
0,1919
0.,1698
0.,1465
0.31339
0,1197
U.1112
0.1025
C.,0888
U,0811
0,0681
¢ 0.0575
0.0511
0.0508
0,0520
0,0490
0.,0012

l.uc-*---|2---n*lc--3-u-.*o--iacuo.*....ﬁg-.-"'..n.6.!--*Il.l?c--|*----3
G0303 C.0094 0,0019 0,0003 0.0000
+ . . . .
5, 1848 5.4035 4.9734 44,5115 4,0367
3.1178 2:7004 2:322% 1.9883 1.6983
1.2437 1.071e 0,9308 0.8166 0.7245
0:5914 0.5439 G+5058 C,4749 04494
G411 0.3968 0.3837 0,3719 U.3612
03420 0.3333 ¢.3250 0.,3172 0.3097
0.2959 0.2893 0.2830 U.2768 Q.,2707
0.2589 0.2531 0.2473 0.2415 C.23586
02237 0.2176 02114 0.2052 0.1991
01878 0.1825 01776 0,1732 0.1688
0.,1603 0.1559 0.1515 0.1471 0.1428
0.1353 0.1326 0,13086 0.1291 0,1281
Uel259 0.1241 0+1219 0.1195 0.1171
0.1137 0.1125% O«ll1t 0.1092 C.1067
0.,1011 0.0994 0+0990 G.1003 0.1024
0.1058 0.10e6 0.106%9 0,1064 D.1049
0+0998 C.0971 0.0953 60,0946 0.0951
G984 0.1003 0:102¢4 0,1057 0.1097
0.1100 O.1027 Ua03929 ¢.0850 C.0804
040543 C.0274 0.0082 0,0013 G.0001
+ . . ] ]

527125 5.3460 4.9322 4.4877 4.0306
3.1432 2:.7373 £.36b66 2.0343 1.7406
1+2625 1.0724 U+39107 0,774l 0.6598
0r4869 0.,4235 U.372e 0,3322 0.3005
02572 0.2429 0.2321 0.2238 0.2176
0.20&5 0.2050 00,2017 0,1985 0.1952
0+1885 0.1850 0+1813 0.1776 Q.1737
0elb57 0.+1617 U:«1l57e U.1538 0.1501
Gel439 Cil414 01392 0,1374 0.135¢
0s132C 0,1299 041276 00,1250 0,1223
0:1171 0ell48 0.1129 0,1117 0,1112
0.,1112 0.,1112 U.1103 0.10686 0.1059
0.0880 0«08B72 U+0861 G.0B4T7 C.0830
0.0788 0.,0T64 0.,0740 G,0T18 0.0698
0.0EbD4 0.0647 C.0628 0.06086 0.0588
0:0565 0.+0552 Ui0535 0.05290 0.0512
00514 0.05186 U.05%16 U.0512 0.0508
CG+0520 G.0529 0:0529 0,0524 0.0519
C+0523 0.0521 0:0514 0.0507 Q.050¢
O.U&Te 0.0458 L.0392 0,0246 0.0085
0.0001 0.0000 . B . :
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o-o-*n--.1...v'wv--2w|o-*llr.3--u.*no-.4---.*010-5-010*11-le"ﬂ"'co'?ul-

. L] . L] N .

. L] + ] * [}
4,4761 43357 4,1763 4.0051 3.8291 3.86539
3,4819 343126 3.1429 2:9683 2.7845 2,5886
¢.3801 2¢1608 1,9350C 17082 1,48686 l.276}%
1,0817 0-306&8 0.7533 0.6214 0.511s O.4212
0,3484 02912 0.2470 U.2139% 0.1899 0.1736
0y1636 0+1589 0.1587 011624 0.1693 C.1788
0,1903 0.2033 G.2170 C.231u 0,2446 G.2572
0,2684 0.2776 C.2845 0.2886 0.2898 0.,2881
0.2835 042763 0.2669 (1.2557 C.2432 0,2297
0.2157 0+2014 0,1872 0+1735 0,1612 0.1508
0,1395 0+12%06 0.1213 0:1147 0.1097 00,1060
0.1033 0.1010 0.0982 0.0953 0.0910 0.0836
g,0789 00716 0.0643 0.,0577 0,0523 0.0483
0,0458 0.0444 G.0439 0.0440 0.,0442 0.0442
0,0439 0.0433 Q.0423 0,0412 0.0400 0.0368
0,0378 0+0369 0.C362 0.0355 U.0349 0.0344
0.0343 Q0343 0:,0344 UseD346 0.0348 0.0349
0.0349 00345 0.0340 0.0335 0.03390 0.0327
0,0323 0.0315 0.G307 00301 0,0298 0.0291
0.0281 0.0274 0.C0269 00285 0.0260 0.0260
C.0265 0e0263 0.0258 0.02p0 0.027G 0.0277
0.0271 0:0264 0.0260 0.0258 C,0259 0.0242
0.0211 00145 0.0049 U.0005 0.C000 .

. ] ] ] . +

v ] . ¥ M ]
2,6675 215281 Z2.3982 2:2786 Z.1701 2:0727
1.,9853 1.9051 1.8288 1,7528 1,6733 l.5887
1,4980 1.4018 1,3014 1.1986 1.09%4 0.9534
0,8939 07980 0+7062 U.6194 G.5381 014631
Q.3950 0,3344 0.2819 0.2375 C.2013 0.1729
G.l518 0+1373 C.1256 0:1248 0.1250 0.1283
Q1338 00,1407 0.1484 0-1565 0,1645 01723
0.,1797 0.1863 0.1919 Ce19pl 0,1983 G.1983
0,1956 0,1904 0.1827 0.1732 O,1l624 0.1512
0.140C3 0.1305 0.1224 0+11865 U,1129 0.1110
0.1111 01135 0.1182 Ovl2aé 0.1322 0,1402
0.1476 0.1535 0.1570 0,157 U.1546 0.1482
C.1400 0,1300 0s1154 0.1091 0.0997 0.0916
0.0850 0.0796 0.0755 G.0720 0.0689 G.065¢6
0,06e21 0.0585 0.0552 0.0521 00,0494 0.0469
C,0447 00432 0.0422 G.0417 Uv.0410 G.0393
00,0359 0.0313 0.0267 U+0234 W.0215 0.020%
0,0197 C.0191 0,0186 0.018¢ C.0178 0.0175
0.0174 0:.0174 0.0173 U.017s 0.0177 U.0180
0.0179 C.0171 0.0161 0.01586 0.0157 0.0157
0,0154 0.,0153 0.015¢ 0.0157 0,015¢2 0.0145
00182 0.0141 0.0143 0+0146 0,0150 G,0152
0,0149 Q0147 0.0154 C.Cl50 U,0144 0. 0140
0,0132 0.0124 0.0119 UG.0079 0.0020 C.o0Q1
0,0000 . . ' . '

0,47 0,77 1.10 1.40 1.74 LY

3,47 2,00 7,00 9,386 12,70
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The program list

saneleas

*
*

THE CODE FOK OBTAINING A

s sl et a3 e E e,

RS-

LT S T AU T

INTERPULATED RESPONSE FUNCTION

DIMENSIUN XCLOGY +ENCLO0Y +DDC254160) 4 Y100 2003 oFHC20U0) +NC(3)
TNAC3) oNBC3) WPRC200) «PUL200)+P1 (254200 vR{30) +Lw (30}

COMMON Y

+LOWCl00)
COML/ JMAXKMAX

JMAX/NUMBER OF NEUTRON ENERGY MESHES OF THE REFERENCE MATRIX
KMAX/NUMBER OF PULSE HETGHT MESHES OF THE REFERENCE MATRIX

NMAX /N

MBER OF NEUTRON ENERGIES FOR wWHICH THE
RESPUNSE FUNCTICNS ARE TO ®E UBTAINED

EN  /NEUTHON ENERGY OF THE REFENENCE MATHIX

PH /PULSL HEIGHT OF THE REFERENCE MATHKIX

0D /JELEMENT OF THE REFERENCE MATRIX
X JNEUTHON ENERGY FOR wHICH THE RESPONSE #UNCTION IS TO BE CEBTAINED

FORMAT ¢
FORMAT ¢
FORMAT (
FORMAT (
FORMAT ¢
FORMAT (

1016)
6F12.5)

1HU 12X+ 'PLS RETGHTY 4 3X46F 10,5

1A v&Xa I3 FlO,%46X+6F10,5)
1HUs 99X ? TUTAL '+6X+86F10,5)
1H )

FURMAT(lUl/I!{‘?Xtﬁ('('!iZl')'tb.KJ)

READ(5¢11) JMAXKMAX W NMAX WNPLOT s NPUNCH «ND1SK

READ(S»
READ (S
bO 117
READ (5,
CONTINU
READ (54
DO 141
DG 142

12) (ENCJU) «J=1 4 JMAX)
147 (PHAK) +E=1+KMAXD
JEl e JMAX

123 (DDCJeRIvR=1,kKMAX)
E

12) (AINYsN=1NMAX)
J=1aJUMAX

=1 +KMAX

[FCODCJRILLTV1.0E=06) GO TU 1141
CONT [NUE

Lw{J)=K
G0 7O 1
Lw(y)=K

41
=1

CONT INUE

DO 143
DO l4s

TF CABSCXUNI=ENCJI YW LT .1, 0E~C4) w0 TO 1435

N=1 +NMAX
J=l JMAX

CONTINUE

CALL SE

RIALCEN X (N v JMAX s NC)

CCL=FLOAT(LW{NC(1)))
CC2=FLOATLLwWNC(22))
LOWCNY =F K CCCLIvCC2 ENINC L) Y SENENCL2) ) W X (ND)

60 10 1

43

CONT [NUE
LOw(NI=L Wi )
CONT INUE

0o 100
DO 109

[FCABSCENTIJI=XINI I LLT. 1. 0E=04) w0 TU 108

hN=ieNMAX
JJ=14 JMAX

CONT[NUE
CALL SERIALCENSXINI v JMAXINA)

DO 102

PKCK)=PHIR Y ®PHIKMAX} /PH(LOWINY)

DO 103

K=1+KMAX

[=1+3

)

INTERKRPOLATED
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103
102

106

101

1101

104

105

108

107
100

1116

1le

115
118

*
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PICNACTY sk ) =PHIK I ®PHIKMAX) FPRHCLWANACTD) )

CONT [NUE

CONT [NUE

DO 105 K=l .KMAX

DO 104 [=#1.3

DO 106 KO=1 KMAX
PJCKOY=PT(NACL) «KO)
CONT {NUE

PC 101 KOU=1+KMAX

[FCABS(PJIKO)=PR(K)) LT, 1. 0E=04) GO TO 1101

CONTINUE
CALL SERITAL(PJPK(K) sKMAX eNE)
N1=nNACT)

RCNACIYISENCDDINLWNB (L)) +DLCNLANBC2)) +DDINLNB(I))

TPJINB (L)) sPJI(NB(Z2H) TWPAINBL3Y)

[FCR(NACIDY . GEL 0. 0) GO TO 104

PK(KD )

[ A

KCNACT)Y=FRCDDCNLeNBCLY ) +DDINLWNBC23 Y WPJIINB LI ) PIINB(2)) +PR (KD

GO 7O 104

CONT INUE
RINACIII=DDINACT) vR O}
CONT INUE

Y{N+KI=FKRIRINACLII ) «ROINACZI D WENCNACLID Y JENINACZD ) o X(NJ)

CONT INUE

GO 7O 100

CONT INUE

DO 107 K™1.KMAX
YINVKI=DUJUWKD

CONT [NUE

CONT INUE

DO 1116 N=1.NMAX

Y (N+KMAX+1)=20,0

DO 1116 K=l KMAX
YINGKMAX*1) =Y (NaKMAX+1) +Y (NaKD
CONTINUE

NRQOW = &

NN=NMAX/fNEOw

DO 115 Nl=la.nN+1
NSs(N1=L1)#NRUw+]
[F(NS.GT+NMAX) GO TO 118
NF =NS+NRUw=1
TFONF . GT«NMAXD) NF=NMAX
WRITE(&+£29) (NeN=NSINF)
WRITE(6425) (X (NI «N=NSNF)
DO 116 K=1.+KMAX
[F(MOD(K+102 . EW,1) WRITE(6+28)

RITEC(E«Z26)Y KaPHIR) s (Y(NIK) JNENSINF)

CONTINUE

WRITEC(H e 21) CYINARMAX+L) N=NS NF 2

CONTINUE

CONT[NUE

STOP

END

SUBROUTINE SERTALCZ«S+MAXW]L}
DIMENSION Z€1)+X(200%4131C3)
DO 102 J=1+MAX

— 20 -

saeeB



*

LRC I i}

C

C

102

101

103

1
2

JAERLI-M 6536

R e I I TR A R L TR

X(JI=ABSLL(JI=S)
CONT INUE

DO 103 1=1+3
XMIN=1,0E+20

DO 101 J=1MAX
TFO(XCJY GELAMINY GO TO 101
AMIN=X(J)

JMIN=]

CONTINUE
[1CIy=JMIN
X(JMINI=1, 0E+30
CONT INUE

RETURN

END

FUNCTION FNCCLeC24C3481¢ER9E3+I)
INTERPORAT]ON BY PULYNOMIAL OF SECOND ORDEK
FNsCla(Z=E2)%(Z=E3)/((EL1-E2)#(ELmE3})
+C2#(i=E1)#(L=E3)/(CE2-E1)*(E2~E3)}
+C3N(Z=E1)#(Z=E2)/ (CEZ-EL)®(E37E2))

RETUKN
END
FUNCTION FKCCLvC2+EL10EZWL)

INTERPOLATION BY LINEAR EXPRESSION

*

FKaCie(I=E2)/(E1-E2)
+C2%(2l=L1)/(E2=ELl)

RETURN

END

LI S

»*
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