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Abstract

. This paper i1s & manual for operating several codes for an IBM-TOhL
autometic computor te calculate the pulse-height response functions
for gamma-ray scintillation counters. Using the Monte Carlo method
of computation the codes willF eglculate the pulse-height response
function of xyleme, (3] or Fal counterg of various gemetr:l:;al
configurations with cylindrical symmetry. Various mencenergetic
source configurations ere possible with s maximum source energy of
10.22 Mev,
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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, aor
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thersof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



LEGAL NOTICE

Thus repert wag pragared ag on accaunt af Govermman ppensered werk. Haither the Usawd $1aies,

ey thp Comnmaphegn, nir any garsen azling an bahall ol ihs Eamamad € 150

A, dhekea any warremPy oF pebdanbonen, e pEadded o mplad, woth repedt e the ogcwraey,
compleientts, or waafelnacs ol the nfermotion contawed i thir repeet, or theat the wee of
anp mloroaiion, oppoegiga, mofthed, wr proecmss disclosad an this repont mdy met ml-rmul
prevrite |y pwned -rrﬂ'll:r -

B. Avzymas say labilues with recpect 10 the vxa al, or for domages resubing Tram the v of
any wnlormwlien, oppareive, mithid, o paotba i doszhoand on they fiepart.

b yesd o ik obsvs, “phiton oeting on haholf of tha Canmizzies™ inebudes ony employew or

cantrector of the Commizssoan, o omplarae of sueh © ror, 12 the thygr anch smployey
wr condrgoton gl the Commiption, o smployss of wech somiracinr praperes, dassminews, ar
provides nooedn 1o, any nlormoinen pers eEnk iy hig? smploymanl or coatreet wilh thea Comminyeen,
ot hus amplaysssn wilth 3ph controntar.

i




Imtroduction . . . . + . . . . «". .
Ge_m.ra._l_ Descripttuq e e e e e e e
Mi nimum IH-I"-IT':Ih- Requirementa . .
Counter Geometiry .

- Source Geometry

Source Type 1, Monodirectional
Source Type 2, Conical Erterior

_Source Type 3, Point Isotropic Interior Source

Imput . . . . . . . . .

Number Format for Tnput . . . .
General Description . . ..
Input Formet . . . . .

-

Description of Input Parameters .

TIMANG . + v & o v & 0 4 e i e e i

Machine Operating Procedure. . . . o .

Program StOp8 . . - + + « - .« -

OQutput Propgram . . . . . . .
Error 3tops . . . - . . . . .
Progrem Stop Option . . . . .

OUtPut + + v v v v v v a . . .

Cutput Fusber Format . . . . .
General Description . . . . . .

Geperal FMotes . . . . & & & & = = =«

Note on Ceslun Icdide Program .
Note on Xylene Program . . . .

Pulae-Height Eesponse Functions for Complex Spectrs

Auxiliary Broadening Program . . . .

Il'l‘p‘l.l.t * a4 a & a -; = » 2 = £ ¥ *
Mpu-t L L L I B )
Operating Procedure . . . . . .

-~ % ¥ w ¥ * = = . w, 0=
L R . T S "
- - =
- -

.......

- PR
- - . &
= -

- - I

- =
- . . -
L -

-------- LI
- = LI T R IR

» v 4 4 ow -

- * 2 ® 2 = =+ = =

- = . - -

- & a - - =

= 2+ * F o o+ o+ A om = -

= ® a4 * m-oF * ow - -

* * *© = = ® & ¥ - -

- *

I T T I LI T ]

# F & & R & b o - s W

LI Y N L + - &

Fage Ho.

MWW W FEE R W W

T N
mmm\nm'\;';-'

b
RN

20
20

20

21

24
ok




Introduction

In the past few years there has been considerable interest generated by
various groups at ORNL in the analysis of pulse-helght response functions from
garma -ray scintillation counters. In particuler, the effect of waricus sbturcs
geometries and detector geometries and materials have been investigated experi-
nentslly to determine their effect on the response functlon, Realizing the
large amount of time and money being expended in this effort, it was decided
to code the geperal problem for an automatic computing machine incorporating in
the code as much verestility as possible to meet the requirements of present-day
interest.

The Monte Carlo methed of compubation was used to produce several codes
for predieting the pulse-height response functions from gamma-ray acintillation
countera. The results of calculations performed with these codes compared very
favorshly with experimental results snd will be reported in another paper along
with & conplete report on the project.

Pecauge it was inmpossible to survey and publish results for all possible
pacameters of interest, and because of the wide-spread interest in these codes
it seemed advisable to re.'ll.ease the code to those interwsted parties baving a
IEM-704 computing machine available to them. This peper describes the codes

and general mechanics of gperating them.

(eneral Descripticn

The problem of predicting the pulse-height response functions for gambs -
ray scintillation counters hes been idealized to a certain extent for ease of

eomputation. In particular, the counter was sasumed ic have eylindrical
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syrmetry and to be susperded in a vacwum with no surrounding mwaterials to cause
spurlcus pulses by scattering the source rsdietion inmto the detector or scatiering
radlation leaving the counter back into it. The source radiation 15 assumed to
be purely monoepergetlic snd 1s restricted to three different configuratlions to
he degcribed helow under “"Source Geometyy."” The meximum source energy allowed
is 10.22 Mev.

In general, it was attempted to take into rconsideration those physical
processes that have the most significant effect on the response function. For
this reason account 15 taken of bremsstrahlung apd ammihilation rsdiation losses
a5 wall as losses by radiation scattered cut of the counter. This last statement
is qualified to a certain extent in the case of the xylene counter &8s described
below under "General Fotes."

For completeness, several other picces of information are computed begides
the pulse-height function. Bome of theze are the intrineie efficiency, pesk-to-
total ratio, analytic zero pulse-height response and others that are described
upder “"Cutput.”

Throughout this report pulse-height iz assumed to be measured in unlts
of Mew,

Three separate Monte Carlo codes have been written for the IBM-70L to
pradict the responee functions of counters composed of sodium jcdide (NaI), |
xylene (cEHlD'] , and cesium iodide (CsI), for monoenergetic sources. Secondary
rediations may (1) be entirely neglected, {2) include amnihilstion radiation
effecta only, or {3) loclude both annihilation radiation as well az szeondary
bremsstrahlung effects. Output histograms mey, if desired, be "smeared-out”

by a Gaussian broadening in order to match crystal resclutions. Each of these

£L3 D@d
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threa programs comprises & separste binary deck. In operation, each deck is
followed immedistely by sets of camds (18 each) carrying the necessary input
parameters for successive cases, These cards will be described below.

I additicm to the three responss function codes is & fourth for the
purpose of broadening unbroadened spectra and 1z desceribed under “Auxiliary
Broadening FProgram. ™

Te okhtain the hinary deck for sny of thege programe contzst either one
of the authors.

Minimts TEM-704 Raguirements

The minimm IPM-704 required to run the progreme described im this report
must have at least an 8102 core memory and built-in Floating Trap. Ho tapes

or drums are necegrary.

Counter Geometry

Figure 1 shows the most complex counter geometry allowed by the codez. The
letters shown on that figure refer to the respective dimensions Iin centimeter
unita and are jnput parameters to the code. By selecting certain values of esch
of theae parameters a variety of geometrical configuraticns can he obtained.

For instance, by selecting C, D, E, and F equal to zero one cvtaina the fa-
millar ¢ylindrical counter or by zelecting F equal to A the hole will pass
completely through the counter. .

The variouws g;ﬁmgtrical conf'igurations of .the counter cen be inferred
from Table 1 which displays the permitted ranges for the paraneters C, I, E,
and P for the four cases invalving the presence or sbsence of the truncated

- sonical end, each combined with the presence or absence of the hole. The

parsneters A and B are unrastricted.




Tehle ). Restrictions on the Perameters O, D, E, and F

Cone Heole ¢ D E F

Ho Ho c=20 D=20C E=0 F=0
Yes Mo 0z CgB D=0 E=0 F=0
Ho Yes cC=0 D=0 E=0 0 FL A
Yes  Yes 0L CAE D0 E>0 0L Fg A

Source Geometry

Each of the three response-function programs permits the use of any one
of three source geometries which are shown in Fig. 2. Each of these sources
is described below along with the required restrictions ¢n the paramters H,
I{ and J, If the source type does not require a particular parameter, set it
ggual to zero.

Source Type 1, Monodirectional

Thiz source iz 2 circularly collimated beam centered on the axis. The
output normalization will be for one photon uniformly distributed over
the area of the circle.

Farpmeter Restrictions: L. With no cone

J= B
2. With cone Jeu C

source Type 2, Conical Exterior

Thie source 1s for purposes of approximating a collimated {or uncollimated)
cpunter wvhen an izetropiec point source ig placed on the axis near the
counter, The radiaticon is assumed to be uniformly distributed in angle
within the cone gubtended by the cirele with radivs H. The n?utput will he
normalized to one photon uniformly distributed within the cone.

Parameter Restrictions: 1. With no cone H=B
2. HWith cone H= C

Source Type 3, Point Tgotropie Interior Source
This source is self-sxplanatory with the exception that it must be cn

the axiz. One unsual feature that may be acshieved with :!:.h:i.s gource ig

‘f-f;:, C%E'
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that of a acurce buried in the counter. This is accomplished by removing
the hole.

Parameter Restrictions: 1. With hole
2. Without hole

;E'Eu‘t-
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Number Format for Input

The irput required three different types of number format. These are
"decimal number" which fa a decimally expressed number with a decimal point,
a "decimal integer” which ie a decimally expressed integer without e decimal
point which ia assumed to be at the right, and "octal nmber'” which must he a
l?-digit number of octal form without a decimsl point.

General Degcripticn

A1) three response-functicn codea uvtilize the same input format described
below and uge the NYINPE ) input subroutine to read eards on-line {Semse Switch 1
on). Eighteen (18) input numbers are required for each cage. These may be con-
venlently punched and printed on the yellow-sdged cards lapeled "UA SAF CARD 1,
as displayed in Fig. 3. In the case of decimal mmbers and decimal integers the
symbol DRC is punched in colums 8, 9, and 10. For octal numbers the symbol OCT
ia punched in the corresponding columna. The numbher, in sach cage starts in
column 12,

For those whe are familiar with the aptions allowed by NYTNFI, we remark
here that the 18 input parameters are initially stored in absolute decimal
addresses 1065-1082, inclugive. Thus, succegsive caseg, for which one, or
perhape few, input parameters change, may require but one, cor few, carde
carrying absolute decimal addresses for the changed parameters, followed by
A card reading TRA 3, 4. Alsq input cards may be firat transferred tc tape, the

tape mounted as tape I, and the programs run without cardas with Bense Bwitch 1 off.

¢3 ot
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Input Format
Symbel’
1. |
2, Q
3. Eﬁ
L4, SOURCE
5. A
&, B
7. c
g, . D
9, E
lal F
11. H
iz, I
13. J
1h, By
15. Bh
16, KEYORD
17. By

18,

Definition
Fumber of source-photon histories

Burber of equal ensrgy-intervals botwaen
¢ apd ESUBRM

Source energy (Mev)
Bource type: 1, 2, or 3}
Length {em)

Padivs (cm)’

Radius or truncation {cm}

Altitude of truncation {cm)
Hadius of hole {cm) L
Depth of hole (cm)

Radius of cpﬁical source (em)

Altitude of conical source (cm), or
depth of source type 3 (em)

Radius of moncdirectional source (em)

First broadening céefficieﬁt

Second broadening coefficlent
A number indicating \-.;hich secondary
radiations are to be included:
0 All secondaries '
1 Amnihilaticn radiation only
2 Ho secondaries .

The value, in Mev, of the maximum pulsze

helght- reported. in all response histograms

presented in the output

A number indicating the initial rand
num_ber to be used: :

0 Initial random number is immeterial,
i.e., use the next sequence
Specified initisl random number

Number Formet

Decimal integer

Decimal integer

Depimal numher
Decimal integer
Decimal number

Decimal number

" Zero integer or

decimpal number

Tl ®

Ll L1g

Decimel integer
Decimel Integer
Decimel integer

Decimal pivmber

Oetsl zero
10.Digit cectal

£63 008
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SHARE SYMBOLIC CODING FORM

FROBLEM o dium Tedide Crystal Input
COCER E B‘ Hﬂmtl I DATE I'hmh El, 1%3 PAGE l oF 1
H i LOCATION P ADORESLS, TAG, OECREMENT CoOMMENT S Fll.%EAh'II'TEH
4
1 H F B 7B w1k 15 TEZIT %
sas Saeee
! LEC 500 N
! DEC 25 Q
; DEC 2, B,
: DEC 2 SOURCE
1
: pec | [ 1.6z A
: LEC 3.81 B
: DEC 0 o
!
: DEC Q D
. DEC ) E
1
| DEC 0 P
i DEC 2. i
]
t DEC 5. L
' DEC 0 I
) | DEC L0465 Ay
; DEC 2
_E DEC O KEYWORD _|L
i 0CT I 3P 7724615 R I
1
: .1
1
1
1
) -
]
[ ]
]
]
:
1
wx=-3TEL 1 ¥=-57] HALG

Fig.




Demcription of Input Parameters

1. N, Fumber of Source Photon Histories

The value of thi= psrameter depends ¢ & large extent on the particular
problem being calculated. For & particulsr production problem where the data
is t¢ be used for compariscn with experiment, a minimm of 1,000 acurce
photens shouwld be uassd. For slightly better statistical aceurasy W can be
increased; however, no =ignificapt over-sll improvement occurs fo;* more than
approximately 3,000 scurce photons., In mest ceses very good comparisons with
experiments have been achieved with 2,000 scurce photons er leas. For problems
where it is desired %o compare the differsnt pulse-beight outputs for various
input parameters on a relative basils, fewsr scource photons can be used vith a
corresponding decrease in running time (see the section on "Timing").

By referring to the description of the output, one will see that there
are several numbers which are calculated from anelytical formulas. These
nmmbera, 1n mest cagea, are derived from integrels vhich ere solved numerl -
cally using a grid system which has the sams number of iﬁtermls s N. As
one would expect, If N iz very small the analytical vazlues become very
inaccurate. Thi= should be kept in mind when zelecting the velue of this
parameter.

2., &, Humber of Equal Energy-Interwmls Between Zerc and EH

This input parameter, the number of eguAal energy intervals between O and
Ey Dy assume any value from 1 to 600. It should be noted, however, that as
the number of intervals inereasss, the statizstice of the pulse-height gpectra
deteriorate rapldly, requiring disproporticnately greater numbers of souyce-
particle histories, concordant with longer running times. However, when Q@ Is

relatively large, in order to delineate in better detail any gharp psaks in
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the pulseheight spectra, it may ve found expedient to average pairs, or
even larger sets, of entrieg in the low-epergy tall to achieve smoothness
in this range.

3. E., Source Energy in Mev

G

This input parameter, the energy of the monoenergetic source photons in
Mev, is restricted to the range 0.00511 -~ ED£ 10.22 Mev.

b.13.

The sourgs paramster snd parameters Ao are deseribed in the sectione
"Counter Geometry" and "Source Geometry" along with certain restrictions
pertaining to these numbers.
1h-15. A.b and Bb, Broamdening Coefficients

Theze broadenlng cosfficients enter into the formuls for Cauvasian
broadening of the zero-resplution pulse-height curve which is caleculated in
thege programe. The first step in the computations is to compute the zero-
reseluticon curve in the form of a histogram with Interwal widths equal to
EM/Q. Thia histogram iz then used to generate the broadened histogram using
the relation

2
1 (E - E)
F(E,E’) = & \ o .

ey

The function P(E,E') expresses the probability that a pulee recorded et energy

E (Mev) on s zero-resolution counter would have been recorded at energy B’
(Mev) on & non-zero resolution counter. The factor o is a function of E and
is given by

vhich demonstrates the dependence of the Sauwssian breoedening on the brosdening

coefficients.

£C3 012
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The factor o is related to the total width, W, at half maximum by the

relaticon
W20 f2Ing = 2.39%8

&nd is related to the resolution, R, by

-

= 2.3548 Jut—t’ + By

fe

o
]
=

The value of each of the constents for a particular counter are best determined

by plotting the resclution against (1/+F } where E is id Mev units.

h box aff the

The broadening is carried cut by assuming the entry in the 1t
histogram of the urbroadened spectrum to be concentrated at the midpoint of
the box et energy E;. The final entry, F,, in the 3P box of the broadened

spectrum having energy limits E‘j and EJ+l is then caleulated using

E
+1
F, = Z F(E, ,E*') dE".
3 5 1
d

16. Keyword
This parsmeter is self-explanatory, however, it might be poipted out that

if sacondary effects ars expected to be small it 1s best to run the problem
with KEIHDBD get egual to 2 so that the secondaries are not caleuleted at all,
This will reduce thé running time to a considersble extent.
17. By

Thiz input parsmeter, the value in Mev, of the maximum pulse height
reported {n all reaponse higtograms in the cutput, serves two PUTTCBES.

First, when EM ie greater than the source espergy, Eﬂ, energy intervals above




E'.:I app-e-at in the hist.'agmm.. Althouwgh the unhrnaﬂgned pulse—i'leight spectra Ccan
never show contrihuti';:-na to these intervals, the broadened spectra will usually
do 20. The degree of this "apilling-over" into 1ntervals. ahove E, is of courge
dependent upon the magnitudes of the two broadening coefficients. ISecnnﬂ., when -
By 1s get less than E_, the histograms display Ienerg:,r intervals hetween zero
.and EH only. In this situation, annihilation rediation effects are not
included, nor ig bremsstrahlung from pair electrons; hovever, the-bremsstrahlung
from Compton =jected electrone is . included if one specifiss all secondaries. |
As EH decreases from EO dewnvard, the smocthness of the low-energy end of the
Compton tall may be improved by inereasing the number of hisfori-es‘ without &
proportionate increage in computing time, sinde a decrsase in EM vitistes an L
incresse in N. It should be noted that, when E, < EO’ the printed -mlue of the .
phatofﬁctim haz no meaning, and that the histogram of the broadened photo- |
peak is not printed. '

For a crystal parameter stud;r,- from vhich enly intrinsic effic¢idhdies
are being considered, By, may be set very low (e.g., 0.00512 l'f!sv};. -and KEYWORD
get to 2 {no secondaries). Then a series of cases may be run comparatively
rapldly, since there are no secondary events, while the number of primary
colllsions 1 Teduced essentially t;:r the number of particles incident cn the
counter.
16. R, Random Mhabers

A11 three programs contain two ma.jc;hr loops. The first is concerméd with
Primary radistion effects, while the other works with the secondaries. "Both
of the loops use the same chain of rapdom oumbers, but separately add

independently. Whep any of the codes 1is first loaded and the PifBt dasé
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gtarted with the parsmeter R set to zero, both mejor loops start with the
firet random number of their identical chains. If 1t is deeired ,t‘:' ™an a
case 1in vhich one or both major loops start with some random number other
than their first, this may be sccomplished under Sense Swiltch control, as
deacribed below.

When Sepse Switch 3 1s depressed {ON} during program loading or input

reading, almost immediately after input has been read, the programe epter

very short loops which peas through the chain of random mubers very rapldly

(about 1 ms per pass). When Sense Switch 3 1s then elevated (OFF) the current

rapdom number st that ipstant becomes the ipitisl mpdom numober in the o jor

secordary locp.

The sam= applies to Sense Switch 4 and the initial random number in the

wajor primary loop. Wien both Switchez 3 and 4 are used, Switch 3 must be

ralped first, since the locp it controls is entered first.

In general, when running either = single casc or a serice of cases, 1t

1a best to start with both Switches 3 and 4 down (COW). Almost immediately

(1.1 ms)} following the reading of inmput, the loop comtrolled by Switch 3 is

entered. Switch 3 should then be lifted. At cnce the loop controlled by

Switch 4 Lz entersd. It should next be lifted, and computation will commence.

Thie procedurs insures randomlzation of initial random numwbers in btoth major

loops. Only a few seconds (or even a Tew tenths of a second) need geparate

the and of input, the ralsing of Switch 3, and the raising of Ew;.tch k. !:'pr

those cases following the Tiret, one need only set R equal to zero and ea._ch

random number generator will automatically continue in the chain of random

numbers from where 1t stopped on the previcus problem.
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If, for some reason, it is desired to start with a particular random
nmumber which may be displayed cn the output of some problem that had been run
previously, this can be accomplished by setting (R) equal to this mmher and
turning Sense Switches 3 apd 4 off. If R is different from zero both randem
nunber generstors start wvith the indiecated random number.

Ir (R} is not equal to zern this parameter will beccme the first randcom
mumber in each chain of rendom nunbers regardless of the operation of Senge
Suitches 3 and b as deseribed under "Machine Operating Procedure. "

Timing

Computing time, exclusive of imput and output, varies directly with B,

the munber of historieg. Tahulated helow are sgample timings for a 3.-1;*'2 in.

by 5-in. CeI erystal, with F = 1000,

Eﬁiﬂ Time (minutes)
E{Mev) 11 Eeéc riag acondaries

0.662 5.96 5.54
1.368 16.7 6.17
2.75h 22.8 6.20

The incresse in cotputing time with energy 1e due almost entirely to the
inerease in the number of secondary events. When no secondaries are called
for, operation is much faster, with computing time increasing but very
slightly with energy. Alse, for constant N, larger crystals require longer
timea.

Cryetals with holes and/or conical ends requive somewhat longer times,

due to more complicated geometrical celeouwlatlions.



Machine Operating Procedure

1. Place set/mete of inpul cards behind program deck. Follov vwith three
blank cards.

2. Sengse Switech 1 On.

3. {(Optional) Sense Switches 3 ard 4 On {see description of random nuﬁbers).

4. Clear and Load Cards. |

5. If Sense Switches 3 and 4 are om, turm off Swit-::th 3 firast approximately
one to two acconds after coaaputation starts and one to two seconds later
turn off Switch k.

&. C(mpes run.conti'nuﬂusljr entil output is exbauvsted.
Program Stopa

Qutput Program

Al1 thres programs use the NYOUT3 cutput subroutine ,-and utilize the on-
line printer. There are mo programmed stops during the printing of cutput.
Any stopas during this time arige fmmll an echo-check eryor from the cn-liine
printer. Depressing START will cause the lipe in error to he reprinmted, srd
the program to continue. |
Error Stops

| 411 experience to date with the three programs has indicated that any
machine stops ﬁrior to output, or any "hanging-up' in loops can be attribited
to machine error. To restart a case feollowing such a stoﬁ , merely :mn any
remaining cards out of the ca.rr.ll reader, delete input cards for cases satia-
faci';oril:,r completed, and start over again, as listed ﬁn&er "Machine Cperating

Frocedure,”

15
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Should a machine errcr occur which fails to generate a stop (¢.g., a plek-

up or drop-cut in a stored comstant), but which crestes cbviously snomalous
results in the output, the only recourse is to relcad the progrem snd rerun
the case. ‘
Progran Stop Optdon

Scmetimee, whils a case is running, it may be desired to konow how pear it
is to completion. This informaticn may be obtained by depressing Sense Switch
2. This causes the Tolt to print con-line, as a decimal integer, the number of
hiatories remaining to be computed, apld then to etop. To proceed, turn Sense
Switch Z off, snd depress START.

Qutput

Cutput Number Format

The only number format in the output which may not he familiar iz the

floating decimal format. Thess mumbers are of the form

3
:

representing the decimal number

By
+ O.xoee 10

General Deseription

All thres programs produce cutput via the on-line printer. Figure 4
displaye the output derived from the input shown in Fig. 3. Clrcled mumbers
on Fig. 4 refer to numbers helow,

1. TInitial apd final random mmbers in ocetal.
2, The mmber {decimal integer) of primary-particle eollieicns before cutoff.

3. Added as & programuing aid only.
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Added &z & programming ald only.

e

The frection (decimal number) of source perticles inecident oh counter;

€.8., always unity for source types 1 amd 2 if the hole does not extend

completely through the crystal and alse unity for source type 3 if hele

is akeent amd G~ I« A; otherwlae, scme number lese than unity. This

pupber is calculsted from an apalytic formuls anpd is not & szitatistical

catimate.

Counter iptrinsic efficlency; a decimal fraction equal to the probability

that » source particle will make at least one collision in the crystal.

Thizs number is calculated from en anelytic formuls and is not & statistiemsl

eatimate,

Photofraction + stapdard deviaticom.

Twoe decimal fractions, the first of

which, the photofraction, 18 equal to the probsbility that a particle will

be completely absorbed, provided it makes at least obe collision In the

crystal. The second decimal fraction represents stapdard deviatiom of the

photofraction., Both of these numbers are statistical estimates.

Interval width in Mev. & decimal mmber equal to E,./Q.

Analytic Zero Energy Value (same units and normalization). The number'

printed here (in floating decimal) iz the zero energy pulse helght of the

GCompton tall as calcvlated from an analytic formula.

Number of intervals. @ as a decimal integer.

Responge hietogram of the Compton tall in units of counts per Mev in

ascending order, nermalized to a totsl response of one count. Numbers

presented here are all in floating decimal notation.

Fumbers appear 1in

pairs, Five pairs per line, reading horizontzlly, top to boetiom, The total

nunber of pairs printed is equal to the number of intervais chosen (Q), and

[
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13.

14.

15.

16.

17.

18,
thus the lmat row printed may coneisgt of less than five pairs. The First
number of each pair 1s & statiatical estimate of the mumkher of counts per
Mav in the appropriate energy interval. The second number is s rough
estimate of the standard deviation of the counts in the corresponding
energy interval. Because of the roughness of the esstimate (sometimes
even megative!) the standard deviations should not be given toc great a
slgnificance. Instead, the smoothnesz of the plot of the pulas-height
spectrum is 8 better indication of the statigtieal error. '

Ab and Bb a5 decimal numbers.

Fesponse histogram of the Compton tail sfter breadening {same unite and
normalization}. Here the format is the same as in the previous histogram
with the standard devistions Gmitted, but with Gauszian broadening applied
to the pulse-height spectrum of the first histogram.

Rb ard 'B.b as pafore,

Response histogram of the photopeak after broadening (same units and
normalization). The format here is agaip the same as in the previous
higtegrams. The nunbers digplayed show the effect of the same Gauasian
broasdening when applied to the total abscrption pesk, which, Decause of
the normalization, is here equivalent to the photofraction.

Responae histogram of the Coempton tall without secomdaries of broadening
(game units apd normalization). Agein the format 1s the same. This
histogram ia the samé as the first, with standard deviaticns omitted,
except that here the affects of any secondary radiations are not ineluded.

Frd

Added as a programming aid only. '




CRYSTAL DIMENSIONS

2132 =1 4452 2891 =1
2903 =1 %345 22712 -1
5398 “]1 539 2654 =]
5933 -] 5430 5906 =1
4000 2000 00090

RESPOMSE HISTOGRAM OF THE
A s 404500000
2140 2909
2763 2352
3368 3737
6204 8693
1024 w2 6472
P
Q0o cooo

S 1 + 1+ ] I 1 : | | + I

0000 0000
2; 2000 0000
1 1229 2099
P RESPDNSE HISTOGRAM OF THE LOMPTON TAIL WITHOUT
kj 2132 2691

2903 2272

2645 3458

5338 5786

2000 o000

SECCE = 11454

CERTIMETERS
A = Tek200
B = 18100
Lo 0000
b = w000
E = » GO0
F = w000

RESPONSE OF A SCINTILLATION COUNTER

DEMSITY

COMPOSTTIGN S0DIUM IOGEDE

34677 GRAMS PER CUBFC CENTIMETER

SOURCE TYPE COMICAL EXTERIOR

S50URCE ENERGY YN MEY =

SQURCE DIMENSIONS

CENTIMETERS
H = 2o 0000
I = 5 0000
o = « 3OO0

NUMBER OF HISTORIES =

240000
INITIAL RANDOM NUMBER
FIMAL RAMDOM NUMBER
PRIMARY COLLISIONS
PRIMARY WEIGHT CUTOFFS
FREMARY EMERGY CUTOFFS
5Q0

RESULTS INCLUGING EFFECTS QF ALL SECONDARY RADIAT JON

FRACTION OF SOURCE PARTICLES INCIDENT OM COUNTER 1-ﬂ00ﬁﬂﬁﬂﬂ'*“"f(:)
COUNTER THTRINSIC EFFICIENCY «6584 -—- we=——0o0
PHOTO~FRACTION + STANDARD DEVIATION o277 a0113T76 = —-ne —o——

500~

T -

RESPONSE HISTOGRAM OF THE COMPTON TAIL IN UNITS OF COUNTS PER MEV [N ASCENDIMG QRDER
NORMAL IZED TO A TOTAL RESPONSE OF ONE COUNT
INTERVAL WIDTH IN MEV =
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5187
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5270
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~1 &#22
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00400
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RESPONSE HISTOGRAM OF THE PHOTO PEAX AFTER BROADEKING (SAME UNITS AND MORMAL IZATION)
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Gencral Notes

Hote on Cezium Jpdide Program

The ceaium iodide code, in ita present state, calculatesz iis secondary
bremeetrshlung effecte from the sodium iodide bremsetrahlung spectrum, It is
planned to compute the necessary ceslum lodide spectrum and to incorporate it
in the program. ©Since bremsstrahlung effects becceme important only at the
higher source energies, present errors should be small except perhaps at
theme bigher energies.

Note on Xylepe Pragram
The xylene code includes no gecopdery bremastrablung effects be-::au‘ae of

the low-Z materials. Errocrs should be negligible up to moderate epergies.
Should the xylene code be supplied with KEYWORD = 0 {ell secondaries), it will

compute the effecte of amnihilation radiastion coly, and sc report in output.

Pulse-Height Response Functions for Complex Spectra

It is often the case in an expsriment that the source may produce a complex
spectrun of gamita rays consisting of photons at several different 4iscreie
energiea. The pulse-bheight response function for this complex spectyum can
ba cbiained by compounding the response functions for each separate energy of
the photons appearing in the spectrum.

To carry out the compounding of the response functions we assume the
broadened total sbaorption peak bas been added to the broadened Compton tail.
Both of theae are separately displayed in the output. In addition, w= assume
the intervdl width used in the histograms Por each source energy to be ,
{gentical. If we let G,(E,) be the entry in the 1B wox of the histogram
resgulting from a moncenergetlc aource atb; EJ s+ then the entry Ki in the ith o

of the compounded histogram is given by
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32 F{EJ]Y(EJ]Gi(EJ}

zj‘l F(z, }Y(EJ}

5

where F{EJ} is the fraction of the cowplex spectra that bas energy B, and

J
Y(EJ] ig the intrinsic efficiency recorded on the output for the moncenergetic
scurce at energy EJ'

The resulting histogram sfter compounding as indicated above will he
properly normslized to a total respomse of one count snd will have the same
| upite as the histograms for the monoenergetie sources,
| The ferc-energy pulse height for the complex specirum can be obtained
by using the same compounding formula given above but by replacing Gi{EJ} by
the corregponding analytic zero-energy vwmlue given on the output for the
meposnergetic source et energy EJ.

The fractlion of the scurce photons from the complex spectrum, z, making

' at least one collisicn in the counter is given by

z = %I F(E)¥(E,)

Auxiliary Prosdening FProgran

It has been noticed, in the procees of matching experimentsl pulse-height

spectra with those predicted by the 70h codea, that frequently the metching is
. good in all respecta except half-widths, and coocurrently small differsnces

in peak maxims and valley minimﬁt Bealizing that these differences might be
attriputed almest entirely to improper estimates of the broadening coefficlents,
an auxiliary program was written to demcnstrate the effect of different broadening
goafficients upon any unbroadensd spectrum. This program ls described cn the
rollowing pages.
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Input

Aa with th;e ‘other 3 main programs, input cards may be r:c:nvenienﬂj
punched and printed on the yellow-cdaed SAP cards. Displayed in Fig. 5 13
a sample input derived from the output showm in Fig. 4, but with sets &f
different brosdening coefficients. As one can observe from Fi..g. 5, it is only
neceessary to include the unhmd.emd spectrum and the constants other than Ab
and Bb in the first set of input parameters. These remein unchangeéd in the
machine until u,ﬁuther set of parameters including all the constants and
un'hmdened spectrum.data. iz read inte the wmachine. Affer the first set of
pumm:t&s are read 1n, subsequent sets of broadening constants ares used to
broaden the particular uﬁbruadenﬂd_apEctrum that 1s at that time in the
machine.

The Program accepts unbroadened spectra for all @ up to and including

] =. 300, For a given unbroadened spectrum, input consists of '

l. The six parametera appearing on the First sixl: lines of Fig. 5. The
parameters E,, d, EH/Q,, apd the photofraction can be cbtained from
the cutput shown in Fig. 4. All of these parameters except Q are
represented 2 "decimsl fractions” containing a decimal poimt. @ is
a "decimal integer.” | )

2. The unbroadened spectrum under consideration (linea 7 through 11 in
Fig. 5) are taken directly from the “counts 'ﬁer Mev™ displayed in

- the first histogram of the output from the main program shown in
Fig. b followed by a Earﬂ reading TRA 3,4%. These mumbers are
represented as “u-iecinﬁl fractions"” with & decimal point and are

cnnygnientlﬁ written five to & line with.a comma separating the
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SHARE 35YMBOLIC CODING FORM

PROBLEM Input for Auxiliary Broadening
coper H. 5 Morsn DATE  March 22, 1960 PAGE 1 OF
H § LOCATION op ACDRESS, TAG, DECREMENT COMMENTE I AL
1
i :! E| ¥4 elil a2 FLUTH
; LEC .08 A
; DEC .00 B,
||
! BEC 2. Eg
' DEC 25 Q
1
! DEC -1 E,/Q (INTERVAL WIDTH)
: DEC -2877 ( PROTO -FRACTION)
E DEC 213, sBal, 2071, 1927, 160
. | DEC 2903, 2272, 2573, .301%, 2883
E DEC 3398, .369k, .435%, .39L5, .7567
! DEG 5933, 5806, 5278, .2725, .4533
' DED [c,0,0,0,0
]
) TRA 1.4
: DEC 050 &,
1
' DEC 0026 B,
' TRA 1.b
E DEC .05 Ay
! DEC .00p8 B, ~
: TRA 3,4
!
i
1
1
L]
)
1
1
]
1
|

£2

WEN=2T51 (13T HRC

Fig. 5
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munbers. No spaces are to be included in the set of five numbers
-on each line. The card with symbel TRA is mandatory emept'when
Q@ = 300, in which case 1t must not be included,
3. Additional sets of cards containing. the parameters P‘b and Bb f;::llowed
by a card reading TRA 3,4.
4. PRepetition of items 1, 2, and 3 above for different cases as desired. .
Cutput 1s via the on-line printer. Figllure & d.ispla;}rs the output derived
from the input of Fig. 5. The broadened spectra presented here have the same
format as in the output of the 3 main programs. However, the spectra here
include the broadened photo-peak, instead of it being presented separately as
in the main programs.

Operating Procedure

1. - Flace sets/get of input cards behind program deck. Follow'syith ' -.

3 blank cards.
2. Sense Switeh 1 On.
3. Clear and Lomd Cards.

4. Cases run continuously until input is exhausted.
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Distributicn
1. P. R. Bell 11-60. H. &. Moran
2. E. P. Blizard 61. F. J. Muckenthaler
3. G, T, Chapman - &2. H. B. Murray
4, L. B. Holland 63. R. W. Peelle
5. W. H. Jordan 64-113, G. D. Zerby
6. H. H. lazar ilh. M. 7. Skinner
T+ T. A. love 115. Central Research Library
8. F. K. McGowan 116-127. Laboratory Records Department
9. F. C. Maienschelin 128. Isboratory Becords, ORNL R.C.
10. A. B. Meyer 129.1)3, Technical Information Serwlce, AEC
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