
Evaluation,  storage,  and  retrieval of neutron  cross-section  data  are of 
ma.jor  concern  to  the  international  community of lotv-energy  physicists. 
Discussed i s  an experimentally  evolving  program,  called SCORE, de- 
signed to perform  these  services. 

T h e  overall  concept of the SCORE program  and  the  programming  en- 
vironment  are  presented.  Cross-section  data  entry,  evaluation,  and 
curve  generation  are  discussed. 

INTERACTIVE  GRAPHICS IN  DATA PROCESSING 

Neutron cross-section evaluation 
by R. J. Creasy 

One of the major activities of many nuclear research centers  is the 
deriving of meaning from experimental data produced by nuclear 
particle accelerators and nuclear event  detectors. H. Horstman 
suggests the magnitude of the volume of data produced at  an 
accelerator center  by citing the  output of the one at Geel, Belgium. 
“If cross section data accumulated . . . were punched  into  cards, 
we might get  about 100 kg of punched cards  per  day.”’ 

A routine output of a  large  number of accelerator centers is 
neutron cross-section data. A nuclear cross  section is the  ratio of 
target nuclei reacting  per second to a flux of incident particles. 
For  any  particular  reaction, the nuclear cross section is dependent 
upon the  target material, the energy of the incident  particles, and 
the particle  type.  Nuclear cross-section has the dimension of area, 
the  unit being termed the barn cm2  per  nucleus), and is a 
measure of the probability of the occurrence of nucIear reactions 
(events). When measuring a large number of events,  each  reaction 
type is present in proport,ion to  its cross-section value.  Large 
quantities of cross-section data are produced because of the  num- 
ber of variables  present:  particle type  and energy, target  material 
and observed  events. 

This  paper relates primarily to cross-section calculations 
wherein the incident  bombarding  beam consists of neutrons.  Typi- 
cal nuclear  events might be the production of alpha  particles  by 
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Even  though  the programmed  techniques are general in  nature, 
such as  the scaling of data for plotting,  all  functions of SCORE are 
programmed  with cross-section data  and other  aspects of the 
nuclear  interaction process in mind. The specialized design of 
SCORE limits its use in  other fields, but  has simplified system  prob- 
lems. For example, some flow of control  can be implicit  for  certain 
functions, while it can  be explicit for  others. Not only is specializa- 
tion  convenient  for the user, the restriction  limits the anticipated 
functional  requirements  during the design phases. An advantage 
to  the user is  the minimal knowledge outside of his field required to 
operate the system.  Although  hundreds of parameters  may  be in- 
volved, the evaluator need only concern himself with  those  perti- 
nent  to  the  immediate problem. 

Computing  environment 

Using a  main  storage partition  under  the SYSTEM/~AO Operating 
System (OS/360) with basic graphics  support, SCORE uses the 2250 

Model 1 display console with  a 4K-byte buffer, character  generator, 
alphanumeric  keyboard, and light pen. The  program is written  in 
FORTRAN IV as  implemented in  the FORTRAN H-size compiler. There 
are  two exceptions: (1) the FORTRAN G compiler is used to sup- 
port direct-access data files on the IBM 2311 disk  units,  and (2) 
some graphics  routines that were originally written  in assembler 
language are being converted to FORTRAN IV. SCORE also uses the 
multiprogramming  provided  by os /360 .  

A typical session using SCORE on  a SYSTEM/~BO Model 50 requires 
less than 165K  bytes of main  storage  and CPU time of about  ten 
percent of the session time.  Therefore,  a  512K-byte memory allows 
concurrent  batch processing with good efficiency. In  this  multipro- 
gramming  environment, SCORE’S interaction  with the evaluator is 
very fast, ranging  from  a tenth of a second for  a  trivial  request to a 
minute  for the computation of a  complicated  theoretical model. 

System operation 

Normally, SCORE is waiting  for the user to  interact with the picture 
on  the 2250 display  screen, and  the CPU is released for  other uses. 
When an attention signal is generated  by  striking  either of two 
special keys or  by using the light  pen, the executive  program of 
SCORE decodes the action and  initiates  functions within the system 
in  combinations  inferred  from the context of the user action.  When 
a new decision point is reached, or more information  is  required, 
SCORE again  waits  for the user to resume the interaction cycle. 

Each function  can  manipulate both flags and values  contained 
in  the  data base  via common arrays.  For example, the point  deletion 
function  sets a flag attached  to a data element, and point correc- 
tion  requires both changing data  and setting an  update flag. Other 
functions  bring  information into memory from  magnetic tape or 
from direct-access data sets. A major  operation that  the evaluator 
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Figure 1 Initial request 

cannot  perform is the alteration of his original set of data, which 
must  be  performed  outside of the domain of the system  by change 
cards  produced  by SCORE. The system need not inspect combina- 
tions of functions  for  validity because full protection of the original 
data is  assured. 

The Sigma Center a t  Brookhaven  National  Laboratory  acts  as 
data a  distribution agency for  neutron cross-section data. Upon  request, 
entry data is written  on  magnetic  tape  as  card images and forwarded to 

the evaluator. A SCORE utility  program,  the Sigma Center  Infor- 
mation  Storage  and  Retrieval  System  Adaptation  Program (SAP), 

reads  these  tapes  and produces  entries  in the SCORE isotope  library. 
Initial processing by SAP produces on  other  tapes a  compact repre- 
sentation of the several  hundred  thousand data bytes composing 
the cross sections  for  a  typical  isotope. In  addition, SAP creates 
directory  information to  identify  the energy  range  for  all  reaction 
types for  each  isotope, which SCORE uses to load isotope data  into a 
direct-access data set  and  to locate the  data requested  by the 
evaluator. 

Figure 1 shows an example of the information the evaluator 
data enters when initially using the system.  Here,  he identifies himself 

evaluation to SCORE and requests data for the isotope  with mass number 23 of 
the element  with  atomic  number 11 (sodium 23). The  system 
automatically  locates the proper  library file, requests  mounting of 
the  tape,  and moves the isotope  information to  the disk. The re- 
quested  isotope data  set is used for  all  transactions  until  a different 
isotope  is selected. Since SCORE is aware of the disk  contents,  many 
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Figure 2 Typical cross-section plot 

operations may be accomplished on data for one isotope  without 
further  tape handling. 

Data from the disk file are selected for reaction type  and energy 
range as specified in Figure 1, and  are placed in main  storage. This 
data can be sorted into a  subset on the basis of experimental 
identification  tags or neutron energy. To select a new group of data, 
the RESTART option  must be used. Changes can be made to  data 
in memory, but no updating of the disk file (or the  tape  library) 
can occur directly. As a convenience, whenever a data element is 
changed, its last  value is stored  by the system  until  another  change 
is entered.  Except  for  operations that affect multiple data elements, 
the evaluator can erase the effect of his last change. 

Figure 2 shows the displayed data for a neutron-in-alpha- 
particle-out type of interaction  (n, CY) with the neutron energy be- 
tween the limits of 6 and 22 million electron volts  (MeV). SCORE 

has selected axis types  and scaling values appropriate to  the  data; 
textual  information  is also displayed. This  picture shows the  output 
format of the system; all information necessary to completely 
identify the  data  and  evaluator is present in a form convenient for 
publication. Also, a serial record of every  transaction is kept  in a 
sequential data  set, which can  be  correlated wit'h the picture 
number for a specific session. All sequences of operations leading 
to  a desired evaluation  are preserved for later use. 

Each  datum  in Figure 2 is shown plotted  with a letter. Data 
points  are identified with  particular experiments by keying the 
letters  with  the publications codes listed in  the middle righthand 
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Figure 4 New axis limits and types 

in Figure 5. Using options not shown,  error  bars are  added to  
Figure 5. Other  options  can 

Delete  and restore  points 
Sort data by reference or energy range 
Apply an energy-shifting transformation  to  experimental data 
Restart  to change  initial  parameters 
Quit the session 

The results of an eva1uat)ion are usually the parameters of a 
curve or a  mathematical expression that closely approximates the 
raw  data. These  results  provide  a  convenient  method for computa- 
tions  involving  isotopes  in  such engineering applications  as the 
design of nuclear reactors.  Methods are  currently available to  the 
evaluator,  under the SCORE program, for producing  curves that fit 
his data. Also, the ENL)F/B option  permits  superimposing, on the 
display data points,  a  curve  t'hat has been generated  from data 
distributed  to  the  industry. If the evaluator feels the  industry 
curve  represents the  data well in his region of interest,  he  may use 
i t ;  otherwise, he must produce the necessary curve himself. 

One method of curve  generation, selected by the DATA FIT 
option, enables the operator  to  enter, move, and list inflection 
points by the light  pen using options  indicated in  the lower right 
corner in Figure 6. The LINEAR option  connects the inflection 
point,s  with  straight line segments. By pointing to  the SPLINE 
opt'ion, cubic-curve segments,  continuous in  their second deriva- 
tives,  are caused to join the inflection points,  as  the example in 
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Figure 5 Expanded cross-section plot 

Figure 6 Spline curve 
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Figure 7 "and S-level curves 

1 Figure 6 shows.3 The AUTO FIT option  adjusts  the  ordinate values 
of each node to achieve the best  least  squares fit between the  data 
and  a cubic spline connecting the nodes. For all three  options, the 
CHI value is displayed on the right side of the screen, giving the 
evaluator  a  quantitative measure of t'he goodness-of-fit between 
the curve and  data (chi-square test). 

Two models that use parameters  to describe resonance regions 
provide a second method of curve  production. The "LEVEL option 

~ invokes the t x o  channel Reich-Moore multilevel model calculation, 
which requires about one minute of computation  time on the 
SYSTERI/YGO Model 50. Less time is required for the simpler Breit- 

' Wigner model, invoked  by the S-LEVEL option. In addition, resolu- 
tion  and  Doppler broadening are used in these  function^.^ The 
several hundred  parameters  can be loaded from  secondary  storage 
by the LOAD RES option,  and  can  be modified by the MOD RES 
option for resonance parameters or by the MOD PARM option for 
resolution and broadening. New data. can be  added by  the ADD 
RES option  and  stored for later retrieval  by the STORERES. 

Figure 7 shows curves generated by both models for plutonium 
241 data.  The next to  last curve  generated is identified by asterisks 
on the curve. (In Figure 7, the  output of the S-LEVEL model is so 
marked.) The  last  curve calculated  by SCORE can  be displayed 
alone or compared with the next to last  curve.  Pictures of the 
screen must be taken  to compare the shapes of more than two 
curves or curves computed out of sequence. 
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Concluding remarks 

SCORE is an experimental  prototype  program that has  proved the 
feasibility of computer-aided  neutron cross-section evaluation. 
Additional  curve  generation and stat,istical  functions,  such  as the 
ability to do a  least  squares fit on data, should be added to make 
SCORE practical for operational use. An improved  system structure 
is necessary to facilitate  future  system additions  and to make the 
linkage edit’or overlay representation more compact. For better 
modeling and  evaluation of data,  the  evaluator should be able to 
display  parametric  information  abstracted  from published experi- 
ment descriptions. Finally, some data handling techniques should 
be available for storing- and retrieving picture data efficiently and 
conveniently. 
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