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DATA REDUCTION PROGRAMS FOR TOTAL CROSS SECTION EXPERIMENTS*)

Introduction

The set of 5 data reduction programs (FORTRAN IV - IBM 1800) described
here performs the calculation of the transmission and of the total neutron
cross section starting from the measured sample-in and sample-out time-
of -flight spectra.

In this report the spectrum with the sample in the neutron beam is called
IN spectrum whereas the spectrum with no sample in the neutron beam is
called OUT spectrum.

The background is measured separately and introduced in-the program as
an analytical expression (cf. formula (4. 1)).

The 5 programs can deal with spectra containing up to 4096 channels using
an IBM 1800 computer of 32 K core storage locations.

The operations performed by each program are described as follows:

- Progr. CHROD: dead time correction of the IN and OUT spectra.
- Progr. KOLAR: smoothing the dead time corrected OUT spectrum
by the least squares method.

- Progr. CAOM: plotting the unsmoothed and smoothed OUT spectra.
- Progr. SITRA: evaluation of the transmission and total cross section.
- Progr. REPLO: plotting transmission and cross section.

1. Dead Time Correction (Progr. CHROD)

CHROD can be used with spectra divided into "sections' of different
channel width W ("accordeon system''). The dead time corrected spectrum
is

X

C.=8, . +R 1.1
;=5 i (1.1)
X 5% NDT 5

where j and i are channel indices, S is the spectrum to be corrected, X
the number of times all channels are cycled through (number of bursts)
and R a rounding term (in general R = 0. 5).

The sum appearing in formula (1. 1) is performed over NDT channels
preceding the jth channel depending on the dead time

DT = W . NDT (1.2)

When the range of channels covered by the dead time happens to contain
the boundary between two sections of different W, the sum

j-1
izzj-NDT
each of the two sections (see 10).

S. of eq. (1. 1) is split in two terms giving the contribution from
1

The statistical error of the spectrum not corrected for dead time is
ASi='\’ Si (1. 3)
Therefore the error of the dead time corrected spectrum is
/ 3o, 2 It 2c, 2
= L z —1 1.4
Ac 5, 5] ) %% npT S 35, ) (.4

according to the lawof error propagation.

*) Manuscript received on 18 November 1969,



This leads to the formulai 1 2 Ij-l . 1/2
_X'(S+S/ 1Z.nor 5 iZonpt S
AC; = 1 (1.5)
-2
X -2 NDT 53
j-1
The sum Z j-NDT Si is split at the boundary between two sections of

different W as for eq. (1.1).
The execution of CHROD is necessary for writing the disk files to be
read afterwards, even if no dead time correction is required.

2. Smoothing the OUT Spectrum (Progr. KOLAR)

This operation is performed on the dead time corrected OUT spectrum.
The fitting function included in KOLAR is a linear combination of Legendre
polynomials up to the 9th degree

9
OuT
C = Zo P, Yy (2. 1)
with (2n-1)x 1- (n-1) 2
v =13 yp =% n n
and

2(i-1 min)
x = -]14 Sopun

i -1,

max min
In the last expression i is the channel index corresponding to x and imax’
i__. are the boundary channels of the section or pseudosection (see

bmllow ) dealt with.
The smoothing is performed by means of the least squares method [ 1].

The error of the smoothed spectrum COUT calculated channel by channel is

2cOUT - 7 ( 3c20T Ap )2 vozn 5 A 20T 20T Ap, bp_ (2.2)
1=0 " >p 1 1=0 m=1+1 "1, m 2p ap 1 "m )
1 1 m
where A is the correlation matrix calculated by the subroutine UENDS

and Apl, Apr’nr%re the errors of the parameters P and P,

In order to improve the fit, sometimes it is convenient to divide an accor-
deon section in ''pseudosections! (see 11). The user must only introduce

in the input data the pseudosections as real sections and define the initial
delay, the channel width and all the other parameters as required for
sections.

It is also possible to exclude groups of channels from the ''zones of interest' i.e.
from the set of channels used in the fit (see 11). This is accomplished by
specifying an even number KNUM and KNUM boundary values called KCHAN(I)
in the input data. Channels falling between the boundaries KCHAN(I), KCHAN
(I+1) with I odd will be taken into account for the fit.

The user can drop channels at the edge of sections and pseudosections as

well as in the middle (see 11).



The subroutine ENDN will broaden the section or pseudosection - if
necessary on both sides - to reach the closest multiples of 128: the
values of the fitting function will be extrapolated.

In this way complete records of 128 channels can be written on disk.

' (°)
3. Plotting the OUT Spectrum (Progr. CAOM)

The plot will show the dead time corrected OUT spectrum and the
- smoothed one overlaid. The execution of CAOM is optional.

4, Transmission and Cross Section (Progr. SITRA)

SITRA evaluates for each channel i the background BIN for the sample IN
run according to the formula
BiN =s elk + B, (4. 1)

and its error

ABL =\erlk(As2 +i%s%0Kk% + 2isAsAk Cg+ A B2

0 (4.2)

where As, Ak, AB_ are respectively the standard deviations of s, k, B

and where Csk is ?he correlation coefficient between s and k. 0

The energy for the ith channel of each accordeon section is calculated

in the following way

2
72.3 . DIST," ,
E = (s avow )

i DELAY+W.1i

where DELAY and W (initial delay and channel width) are the values
for the accordeon section considered and DIST is the length of the
neutron flight-path.

(4.3)

The transmission for the channel i is

k (C?N -k B;N)
Ti= 1 i 2 i (4. 4)
C.OUT -k B?N
i 371

where the spectrum CIN is dead time corrected and COUT is dead time
corrected and smoothed. The normalization factors are defined as follows:
ouT
o SLM-

1 LIVIIN

where LM indicates the preset local monitor count;

ouT
k,=1; , _B

2
3 BIN

where B indicates the background spectrum.

(°)

For what concerns the plot subroutines see (5]




The error in the transmission is

. actN?2 4 (1, acPU T2
AT. = ( 1 i i 5 i +
1O T
i 371
e (Vo BIY) D (cPVT Lk BIY) 2 1/2
+[k 3'7i 271 FARE 374 ABIN] ) (4 5)
1 (CiOUT ) k3B£N 2 i

The total cross section is

-1n Ti
°i © THICK (4.6)
where THICK is the thickness of the sample expressed in atoms per
barn.
The error in the cross section is
AT,
Ao, = (4. 7)

i Ti . THICK

5. Plotting Transmission and Cross Section (Progr. REPLO)

The execution of REPLO, plotting both the transmission and the total
cross section is optional. The data required for the plot can be supplied
in SITRA or directly in REPLO (see 9).

6. Operating Procedures

The IN and OUT spectra are taken either from tape or from cards. In

the first case the tape is prepared by means of the program CATAP [2]
before starting the data reduction. In the second case BCD cards, punched(o)
by the program KOCO must be supplied as specified in the input of CHROD
(see 9. 1),

The data reduction program‘s must be run in the order: CHROD, KOLAR,
CAOM, SITRA, REPLO. However, the programs doing plots, i.e. CAOM
and REPLO can be skipped without affecting the execution of the other pro-
grams in the sequence.

The results of the programs CHROD, KOLAR and SITRA are stored on
disk in order to be used by the programs following in the sequence.
Therefore the data reduction procedure can be interrupted after the
execution of each program and later on resumed.

This way errors appearing in one of the programs can easily be corrected.

(°)

See appendix 1
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SITRA can punch two types of cards to be used in programs performing

numerical analysis of neutron resonances:

a) cards containing the transmission (FORMAT 8F9. 7, 214) [3].

b) cards containing the energy, the cross section and its error (FORMAT
3E15.4, 25X, 110) [4].

The blank cards to be punched must be supplied at the end of the input for

SITRA.

If both types of cards are required SITRA must be run two times.

7. Time Requirements

A complete reduction of a spectrum of 4096 channels without plots and
punched cards takes 115 minutes on the IBM 1800 computer. It takes

45 minutes to punch 4096 cards.

Anyway the times used by CHROD (10'), KOLAR (60') and SITRA (45"
without punched cards) are printed at the end of the corresponding out-
put (approximative times).

8. Use of Disk Files

CHROD
Operat. | Disk File Index( ) Contents Subrout.
write 1 |IRMA 1A Pead time corrected OCTAL
IN spectr.
" 2 | GRACE 1B Dead time corrected "
OUT spectr.
" 4 | TIBER 14 Dead time corrected "
IN error
n 5 | PADUS I1E Dead time corrected "
OUT error
KOLAR
read 2 |GRACE 1B Dead time correct. OUT INPUT
spectr.
n 5 | PADUS I1E Dead time correct. OUT n
error
write 3 JARNUS IC Smoothed OUT spectrum | ENDN
" 9 | ERROR 19 Smoothed OUT error "
" 6 |AGATA IF Miscellaneous data to be | UENDS
read by CAOM
CAOM
read 6 [AGATA IF Miscellaneous data from | Main progr.
KOLAR
" 2 {GRACE 1B Dead time corrected OUT| "
spectr.
" 3 |ARNUS IC Smoothed OUT spectrum "

(°) This index specifies the record number in the disk read/write statements.
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SITRA
Operat. Disk File Index Contents Subrout.
read 3 ARNUS IC Smoothed OUT spectr. Main progr.
" 9 ERROR IE Smoothed OUT error "
" 1 IRMA 1A Dead time corrected IN "
spectr,
" 4 TIBER 1D Dead time corrected IN "
error
w. &r 7 CLAES Iw Transmission "
" 10 CROS v Cross section "
" 11 DELES 1Z Error in the cross section "
write PINCO 1G Miscellaneous data "
REPLO
read 8 PINCO IG Miscellaneous data Main progr.
" 7 CLAES v Transmission "
" 10 CROS IA Cross section "

9. Input Data

9. 1. Program CHROD

number of channels therein (NPOIN < 4096)
number of sections of accordeon (NR < 8)

input spectr. from tape - output spectr. on disk
" " " "' - no output on disk
input spectr. from cards - output on disk
" " " " - no output on disk

punch and list the corrected spectrum
punch only the corrected spectrum

neither punch nor list the corrected spectrum

last channel of the Lth section of the accordeon

15 cara FORMAT (20A4)
Column
1 - 72 Alphanumerical information as TITLE
74 - 76 _IN, for IN spectrum
ANAM “OUT, for OUT spectrum
nd
2 card FORMAT(I1, 14, 15,12, E8. 3, 10I5)
1, no dead time correction
AD =’
1 KDEAD 2, dead time correction requested
2 -5 ID identification of the spectrum (ID # 0)
6 - 10 NPOIN
11 - 12 NR
13 - 20 X number of bursts (format E)
( 1,
. 2,
21 - 25 IT = ( 3,
( 4
( 1
2
26 - 30 = ( ’
6-3 Ic (3, list only the corrected spectrum
( 4
31 - 35) )
...... ) IND(L) the
66 - 70) system (L = 1, NR)
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3rd card FORMAT (11, F9.5, F10.5, 2F5.4, 8F5, 0)
1, when dealing with IN spectrum
¢ -
1 IOROU = 2, when dealing with OUT spectrum
2 -10 w the width of the channels of the last section
11 - 20 DT dead time (in the same unit of W)
21 - 25 ROUND the rounding term in the formula
NDT = DT/W + ROUND
26 - 30 R the rounding term used in the expression of
corrected spectrum (equation 1. 1)
31 - 35 )
....... ) YACT(L) the ratio between the width of the channels of
66 - 70 ) the LM section and of the (L-l)t section

(YACT(I)_ is read but not used; L. = 1, NR)

The following cards must be introduced only if a magnetic tape must
be read by the subroutine FLTPE (called by HROE), that is only if
IT =1, 2.

Optional card FORMAT (12, 1X, 2I1. 12, 4X, 14, I5)

1 -7 the complete identification of the spectrum (set the point
in column 3)
12 - 15 NFA =1
16 - 20 NTPA the unit where the tape containing the spectrum

must be mounted

If IT = 3,4, the spectrum follows with FORMAT (6X, 8F7.0).
Repeat the same scheme for IN and OUT spectra if required. Add
three blank cards at the end of the whole input data.

Limitations and remarks

The dead time range cannot exceed the width of a section. In output W
is the width of the channels of the first section. NPOIN must be a mul -
tiple of 128.

9.2. Program KOLAR

A. The following cards have to be entered for each accordeon section:
st

1 card FORMAT (18A4,13)
Column
1-72 TITLE alphanumerical information
73 - 75 ITITL not used
nd ‘
2" card FORMAT (2413)
1-3 NC the number of cycles of least squares fit (NC = 1)
4 -6 NV the number of parameters to be varied (NV = 10)

7-9 NX =1
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10 - 12 ID = 0 derivatives calculated by the subroutine CALCN
B 1 derivatives calculated numerically
13 - 15 0 each observation has a different weight
Iw = . .
1 each observation has weight 1
16 - 18 IP=0
19 - 21 IT=0
rd
3" card FORMAT (13)
1-3 NP the number of trial parameters to be read
plus one (NP = 11)
th
4" card FORMAT (8F9.4)
1-9 )
....... ) P(1) the Ith trial parameter (up to the 8th)
64 - 72 )
th
5 card FORMAT (8F9. 4)
1-9 P(9) .
10 - 18 P(10) ; the last trial parameters
19 - 27 P(11) the number of parameters read (P(11) = 10.)
th
6 card FORMAT (2015)
1-5 KNUM the number of boundaries of interest zones
(KNUM < 12; KNUM must be an even number)
6 - 10 ) h
....... ) KCHAN(I) the I~ boundary between interest zones
61 - 65 )

N. B. See 2 for explanations.

th

7 card FORMAT (7211)
1 )
cee ) K(I) All the values must be = 1 to show that all the
10 ) parameters must be varied for the least squares
fit (I = 1, 10)

Optional card FORMAT (8E9. 4) Only if ID=1)

1-9 ) =0 the derivative with respect to the Ith parameter
....... ) DP(I) calculated by CALCN
64 - 72) #0 the increment of P(I) for the numerical calculation

of the derivative (format E)
Insert two cards like that for entering up to 10 values of DP(I).

If data for another section of accordeon follow, insert a blank card before
the new set (A); if no more sections must be treated go on with the following
card (B).
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B. Last input card (containing information for plotting OUT spectrum)

FORMAT (215, 6F'10. 0, 2110)

1-5 KCHAI # 0, first channel of the first section to be plotted
6 - 10 KCHA?2 last channel of the last section to be plotted
11 - 20 wl Maximum value of OUT spectrum to be plotted
21 - 30 w2 minimum value of OUT spectrum to be plotted
31 - 40 S1ZX Length of the x axis
41 - 50 S1ZY Length of the y axis
51 - 60 LOGX _0 11nea1.' sca.le for x axis .
1 logarithmic scale for x axis '
61 - 70 LOGY _0 linear scale for y axis

1 logarithmic scale for y axis

N.B. KCHAl-1 and KCHAZ must be multiple of 128.

9.3. Program CAOM

This program will be skipped if no plot of the unsmoothed and smoothed
OUT spectrum is requested. The input includes only one card indicating
in the columns 1-3 the tape unit for the plot in the form *x*I (I can be any
integer in the range 0-3).

9. 4. Program SITRA

SITRA requires the spectrum subdivided according to the accordeon sections
determined only by the different width of the channels. No channel gaps be-
tween the different sections are allowed. Repeat the following set of input
data (except the blank card required at the end) for each accordeon section.
No more than 8 sections can be dealt with,

15t card FORMAT (18A4, 214)
Column
1-72 TITLE alphanumerical
73 - 76 ITILT the first channel of this region
77 - 80 ITOT the last channel of this region
N.B. ITITL-1 and ITOT must be multiple of 128.
2 cara FORMAT (3F10.0,2E10.6, 2F10, 0)
1-10 cl k)
11 - 20 C2 k., ) with reference to the equation (4. 4) of
21 - 30 C3 k3 ) the transmission
ii ) ‘;8 i li ) with reference to the equation (4. 1) of
the background (format E)
51 - 60 DS the standard deviation of s
61 - 70 DC the standard deviation of k
379 card FORMAT (3F10. 0,15, 5X, 3F10. 0)
1 -10 BO B as used in the background equation (4. 1)
11 - 20 DBO Standard deviation of BO
21 - 30 RHOSC Correlation coefficient between s and k used
for evaluating the error of the background (eq. 4.2)
31 - 35 KZQ not used .
41 - 50 DIST length of flightpath in meters

51 - 60 DELAY the delay in usec of the first channel of this
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-

accordeon section (channel ITITL)

61 - 70 WDH channel width in /usec
th
4" card FORMAT (F10. 0)
1-10 THICK thickness of the sample
th -
5 card FORMAT (4F10. 0, 315)
1-10 SIZXT length of energy axis for plotting the transmission
11 - 20 SIZYT length of transmission axis
21 - 30 TMAX upper limit of transmission
31 - 40 TMIN lower limit of transmission

_0 energy axis linear

"1 energy axis logarithmical

0 transmission axis linear

1 transmission axis logarithmical

0 no punch

51 - 55 IPCH =§ 1 punch energy, cross section and its error
2 punch transmission (8 values per card)

41 - 45 LOGET

46 - 50 LOGT =

6P card FORMAT (4F10, 0, 215)
1-10 SIZXS length of energy axis for plotting the cross section
11 - 20 SIZYS length of cross section axis
21 - 30 SMAX upper limit of cross section
31 - 40 SMIN lower limit of cross section
41 - 45 LOGES _Oenergy axis 11nea1: .
1l energy axis logarithmical
46 - 50 LOGS = 0 cross section axis linear

1 cross section axis logarithmical

If the punch option is utilized, insert blank cards to be punched at the end
of the input cards. Anyway, the last input card must be a blank card.

Remarks

The 5th and 6th data cards are required for each accordeon section. Never-
theless, only the information given for the last section will be saved on disk
file 8 for possible use in REPLO. If some value of the transmission is not
positive, SITRA will substitute it with the value 1. The corresponding value
of the cross section will be SMAX, the maximum value foreseen for the
cross section itself.

9. 5. Program REPLO

REPLO is reqpired only when the transmission and the cross sections
have to be plotted.

ISt card selecting the tape for the plot

1-3 *%*] (I is any integer in the range 0-3)
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A blank card concludes the input if REPLO receives data directly from
SITRA through the disk file 8. (Such data are also printed in the last

lines of the output of SITRA),

Instead of reading the disk file 8 REPLO can read the same data from cards.

22 Card (optional) FORMAT (1615)
1-5 KO first channel to be plotted
6 - 10 LM total number of section to be plotted (LM < 8)
_0 linear scale of x-axis )
11 -15 LOGET=, logarithmical scale of x-axis ) plot of
16 - 20 LOGT = 0 11nea1: sca‘le of y-axis ' ) transmission
1 logarithmical scale of y-axis )
21 - 25 LOGES .
26 - 30 LOGS ) the same for the cross section
31 - 35) th
....... ) KK(L) the last channel of the L. region (L=1, LM)
66 - 70)
3"¢ cara (optional) FORMAT (18A4)
1 - 72 TITLE, alphanumerical
th .
4 card (optional) FORMAT (3A4)
1-12 TITL1 alphanumerical
5P card (optional) FORMAT (3A4)
1-12 TITL2 alphanumerical
th .
6 card (optional) FORMAT (8E10. 4)
1-10 SIZXT length of x-axis ) for the transmission
11 - 20 SIZYT length of y-axis
21 - 30 SIZXS .
31 - 40 S1Z VS ) the same for the cross section
41 - 50 TMAX maximum value of the transmission
51 - 60 TMIN minimum value of the transmission
61 - 70 SMAX .
71 - 80 SMIN ) the same for the cross section
th .
7 card (optional) FORMAT(8E10, 4)
1-10 VI the quantity (72.3 % DIST)Z, already calculated
by SITRA
11 - 20 DELAY the delay of the channel KO, the first to be plotted
21 - 30 ) th
....... ) W(L) channel width of the L. section
71 - 80 )

N.B. If LM > 6, continue with the same FORMAT using another card.
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APPENDIX 1 - PROGRAM KOCO

This program reads one or more spectra from a tape prepared by the
program CATAP [2] already quoted (see 6), and punches BCD cards according
to the FORMAT (2X, 14, 817, 10X, 18).

Input
Repeat the following card for each spectrum to be punched:
FORTRAN N
Columns Symbol FORMAT (414,12, 1X, 2I1,12)
1-4 ITOT total number of channels (ITOT <8192)
5-8 NTAPA  unit for the tape to be read (NTAPA # 2)
9 - 12 ID = 1 if total number of channels in the range 1 - 4096
2 if total number of channels in the range 4097 - 8192
13 - 16 IDV the last four digits of the identification of the
spectrum
17 - 25 the complete identification with the point in the

column 19

Add blank cards to be punched at the end of the input cards (the first
blank card is just to be read).

Operations and limitations

A scratch tape must be mounted on the unit 2. Each spectrum cannot
contain more than 8192 channels.
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