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THE ACTIVITIES OF THE PHYSICAL DATA GROUP 

ABSTRACT 

We have developed a system in which neutron interaction data are 
collected from nuclear physics laboratories throughout the world, organized, 
evaluated, and then stored for easy access in our computer network. We have 
also developed computer codes that use the data to solve neutron interaction 
problems. The system supplies reliable up-to-date data, selects specific types 
of data on request, provides output in a variety of forms (reports, microfiche, 
microfilm) and functions rapidly and efficiently. 

INTRODUCTION 

All matter is composed of atoms and combinations of atoms called mole
cules. Atoms consist of basic particles called electrons which surround a 
nucleus (or core) of protons and neutrons. Electrons and protons carry 
electrical charges; neutrons do not. In the laboratory, it is possible to 
produce neutrons that will interact with the nuclei of atoms, thereby causing 
any one of a dozen or so reactions to occur. Among the most significant: 

• The nucleus may gain one neutron or lose one or more neutrons 
• The nucleus may lose one or more protons 
• Pure energy may be emitted in the form of radiation called gamma rays 

When these reactions occur in the laboratory, physicists can make measurements 
that allow them to deduce what happened during the interaction. The data 
gained from the measurements can then serve as a basis for predicting numerical 
quantities associated with nuclear reactions for which there are no experi
mental (measured) data. Eventually, after much processing, the data can be 
used as a basis for designing any system in which neutrons interact with matter 
(e.g., nuclear reactors, nu-lear weapons, biomedical diagnostic apparatus, 
etc.). 

More than 1 600 000 measurements have been made involving tha interaction 
1-17 of neutrons with cuclei. The Physical Data Group of the Lawrence Livermore 

Laboratory's Theoretical Physics Division has developed a system to collect 
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this mass of data, organize it, evaluate it, and then make it accessible to 
the Laboratory's scientists. In addition, the Group is responsible for 
developing and testing Monte Carlo codes. The codes have a wide variety of 
applications, one of which is to recognize deficiencies in the neutron inter
action data. Since the Group not only processes the data, but also uses them 
in its Monte Carlo calculations, it get immediate in-house feedback if there 
are any problems with the data (or with the computer codes for that matter). 
The Group can then immediately act to remedy the problem. This immediate 
knowledge of — and reaction to — data problems differentiates the Group from 
almost all other data .loalysis organizations. 

As mentioned, one of the activities of the Group is to organize the data. 
At present, the data are grouped as follows: 

• Experimental data for neutron-induced reactions 
• Experimental data for charged-particle-induced reactions 
• Evaluated data for neutron-induced reactions 
• Evaluated data for photon-induced reactions 
• Evaluated data for nuclear structure 
• Evaluated data for charged-particle-induced reactions 
• Calculational constants required as input for computer codes 
• Standard test problems (based on experiments that approximate actual 

problems) 
• Computer codes that produce and link the data 

The heart of the system is the evaluated data: ths experimental data only 
provide a basis for the evaluations, and the standard test problems only 
provide a way to test evaluated data. Most of the evaluated data have been 
produced within the group or in collaboration with physicists at other national 
laboratories. 

Once the evaluated data have been produced they are stored in computer 
disk files. They can then be used as a data base for the computer codes that 
have been developed by the Group. The codes solve nuclear interaction problems 
that are so complex that they can only be soived on the largest computers. 

Monte Carlo is a term used to characterize a probabilistic method that 
simulates physical processes. It is the most successful of the neutronics/ 
photonics methods because it requires the least assumptions. The method re
quires the use of random numbers, often called "rolling the dice"; hence, the 
term Monte Carlo. 
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As th^ capacity and speed of computers has improved over the past two 
decades, our descriptions of what is happening to a material have come closer 
to what actually occurs in nature. However, even with the enormous increase 
in computer capacity, it is still usually necessary to average or otherwise 
modify the basic evaluated data in order to minimize the running time of the 
codes and maximize the number of materials that can be included in a problem. 
This is because it can take several tens of thousands of numbers to set up a 
detailed representation of the evaluated data. The large number of entries 
results from the fact that the energy range of •»ei>t-rc"s, for example, varies 
by a factor of one billion from the least to the greatest energy. 

Evaluated data are based, wherever possible, on measurements. Although 
more than 1 600 000 measurements ' * have been made for the data of neutron-
induced reactions, most quantities needed to provide evaluated data for 
neutronics calculations have not been measured. For almost all the unmeasured 
quantities, no adequate theoretical method exists for calculating the data. 
It then remains for the evaluator to use formalized empiricisms (or recipes) 
to provide the necessary evaluated data. This function can only be performed 
by qualified physicists who are familiar with the tools of evaluation; these 
tools include an available library of experimental data, theoretical model 
codes for the limited area of their applicability, and, above all, familiarity 
with the trends or systematics of the neutron interaction data from which 
empiricisms can be derived. 

SYSTEM DESCRIPTION 

Figure 1 shows the activities of the Physical Data Group. The first 
activity is tc collect experimental data. Two sources provide experimental 
data: 

• The National Nuclear Data Center (NNDC) at Brookhaven National 
Laboratory — The Center participates in an international effort to 
collect all experimental data for neutron-induced reactions through an 
interchange agreement with three other such centers at Obninsk, Vienna, 
and Paris. As data are collected by NNDC, copies of the magnetic tapes 
containing the data are routinely supplied to the LLL Physical Data 
Group. 
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Fig. 1. Activities of the Physical Data Croup. The direct responsibilities 
of the group are enclosed within the continuous border. The solid arrows 
represent process flow while the dotted arrows represent feedback that nay 
indicate problems with the data or codes. The numbers below the boxes are 
references. 
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• the physicists who measure the interactions of nuclear data — They 
frequently submit their data to us before publication. 

Figure 2 shows the activities that occur before we place the experimental 
data in our files. Before any data, either numeric or bibliographic, are 
entered into the collection, a report on the experiment is obtained and checked 
against the numeric data for that experiment. The bibliographic data are then 
reproduced as microfiche and copies are distributed to the physicists who 
produce the evaluated data. The arrangement of the various indexes and data 
displays shown in Fig, 2 has proved to be the best way of ensuring that 
physicists have easy access to the data. These standard indexes are produced 
by computer, then duplicated and distributed as reports for desk-top use. In 
addition to the standard displays that are produced routinely, we can also 
retrieve or display experimental data by arbitrarily choosing anywhere from 
one to a dozen characteristics of the data and then specifying the range of 
the characteristic(s). For example, we might want to examine data concerning 
the energy of neutrons and might specify an energy range. 

The five libraries or files of evaluated data maintained by the Physical 
Data Group are identified in Fig. 3 together with a schematic showing the 
processes used to produce the files. These files are updated routinely when
ever changes — either additions or corrections — are needed. Both current and 
past editions of the files are readily available to LLL personnel. 

A family of computer codes that updates, retrieves, and displays the 
evaluated data has been developed by the Physical jata Croup. Using these 
codes we can computer-generate tables and graphs tailored to the needs of the 
user. 

Most of the evaluations have been done by members of our group, either 
•in to to or in collaboration with persons from other national laboratories. 
The notable exception is the nuclear structure file (Fig. 3), which has been 
adopted entirely from literature evaluations. The documentation for each file 
identifies the source of the evaluation. 

SYSTEM DEVELOPMENT 

The system for encoding and processing the experimental and evaluated 
data files was developed by the Physical Data Group over the past 20 years. 
At each phase of development we investigated methods and subsystems developed 
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Fig. 2. Input (top box} and output (bottom box) processes for the experimental 
data files. The numbers below the boxes are references. 
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by others in an attempt to incorporate the best features into our system. Our 
ultimate purpose was to ensure that changes could be made easily as more 
detailed requirements were imposed. The system was designed such that each 
part would be adequate for a period of 3 to 5 years - with the understanding 
that some parts of the system would then have to be modified or redesigned. 

In developing the system, we assumed that the intrinsic organization of 
nuclear physics, as with other well-developed disciplines, dictated the 
design of the system (i.e., the way that the data are organized and displayed 
is imposed by the nature of the data}. Thus, the data are tailored to satisfy 
the real needs of the users o£ the system. However, care was taken to insure 
that the system could be easily extended to accommodate new, but related, 
types of data as a need became apparent. An example is the system used for 
dealing with the experimental data of charged particle-induced nuclear inter
actions. When the system for neutron-induced interactions was designed, the 
design parameters were chosen such rhat the system would be hospitable to 
other inducing particles should a need srist. Such a need did arise and no 
redesign was necessary to accommodate the data of this closely related field. 

The methods or organization of the data and the computer codes used to 
implement the system can be modified with relative ease to accommodate the 
information of another discipline. This has been done in the case of thp. 
kinetics (division) of biological cells. WhiJe the organizational methods and 
some of the computer codes are similar for the two fields, the two systems are 
disparate. A superficial case can be made for creating a "super system" that 
could encompass not only these two fields, but also an indefinite number of 
others. However, experience has shown that economy of resources (manpower and 
computer time) can best be achieved by tailoring each system to its own 
discipline. 

-8-



REFERENCES 

The UCRL-50400 s e r i e s , An Integrated System for Production of fleutronias 
and Photonics Caleulational Constants, comprises the following volumes: 

1 . Vol. 1 Rev. 3 , ECS1L: A System for Storage, retrieval, and Display of 
Experimental Neutt-on Data, September 1976. 

2 . Vol. 2 Rev. 2 , Neutron-Induced Interactions: Bibliography of Experimental 
Data, J u ly 1976. 

3 . Vol. 3 Rev. 2, Neutron-Induced Interactions: Inde~ of Experimental Data, 
Ju ly 1^76. 

4 . Vol. 4 , Evaluated Nuclear Cross Section Library, AprJ.l 1971. 

5 . Vol. 5 Rev. 1 , CLYDE: A Code for the Production of "alculatic nal 
Constants from Nuclear Data, September 1975. 

6 . Vol. 5 Rev. 1 Tables and Graphs of Photon Interaction Cross Sections from 
1.0 keV to 100 MeV Derived from the LLL Evaluated Nuclear Data Librax-j, 
October 1975. 

7 . Vol. 7 Fa r t A Rev. 1, Major Neutron-Induced Interactior.8 (Z <_ 55): 
Graphical, Experimental Data, July 1976. 

Vol. 7 Pa r t B Rdtf. 1, Major Neutron-Induaea Interactions (2 > S>5): 
Graphical, Experitaental Data, Ju ly 1976-

8 . Vol. 8 Rev. 1 P a r t A, Supplemental Beuzron-Induaed Interactions (Z <_ 35J: 
Graphical, Experimental Data, Ju ly 1976. 
Vol. 8 Rev. 1 P a r t B, Supplemental Neutron-Induced Inte'-actions (Z > 35): 
Graphical, Experimental Data, July 1976. 

9. Vol. 9 , Thresholds of Nuclear Reactions Inducea by Neutrons, Photons, 
Deutrons, Tritons, and Alpha Particles, September 1970. 

10. Vol. 10 Rev. l , Neutron-Induced Interactions: Tabulated Experimental 
Data, Ju ly 1976. 

1 1 . Vol. 1 1 , Experiwental Data, Indexes and Techniques of Obtaining a Selected 
Set of Neutron Resonance Parameters, May 1972. 

12 . Vol. 12, An Atlas of Re3olved Neutron Resonance Parameters, Ju ly 1972. 
13 . Vol. 1 3 , An Atlas of Unresolved Neutron Resonance Parameters, September 

1972. 

14. Vol. 14, TARTNP: A Coupled Neutron-Photon Monte Co.rio Transport Code, 
Ju ly 1976. 

- 9 -



15. Vol. 15, Part A, Tfie ILL Evaluated fiualear Data Library (ENDL): Evaluation 
Techniques, Relation Index, and Descriptions of Individual Evaluations, 
September 1975. 

Vol. 25, Part B, llie LL~ Evaluated Unclear Irata Library :EHuL): Graphs 
of Cross Sections ftvn the Library, Apr i l 1976. 

Vol. 15, Part C, The ILL Evaluated Sueleor uxta Library (E:/DLJ: Transla
tion jt' iV.'i'i. .'•'eutr.rn-l>:dujed Inierajtijn Dazi into the EUUh'/o Format, 
Apri l 1976. 

16. Vol. 16, Tabular and Jwpkiaal Presentation :f l"z "eutrsn Jrsup Constants 
Derived fiv: the ILL Evzlua.ed Scutron Jata Library IESDL.', Apr i l 1976. 

17. Vol. 18 , The LLL .,t.uirjr. Activ-atisn Data Libr,:rj (ACTLj: Evaluation 
TeSiniqucs, hea-jti~>: >:dex, Ji>.d L-ssairi:tLOK of Individual Evaluations, t o 
be i ssued . 

MSG/lc/vt/jf 
-10-



NOTICE 

H H tapon « • pnpuvd • air tecouac of wo* 
<pcm«UytHUa««dStUMt^niMat.J*i<iMrtkl 
Wu d Sum « * l i t I h M Smta Bnny M M * 
>. DnriopmM Mnialilntlca, not toy of Hub 
«mployMi*iioc lor of thrirfiOtttncton.wboQnkieloiti 
or ikdr wioloywi, iwkn my wniaaiy, mpfw or 
•oplkd. or aaiunu ny Itjd WtMttlY or rnrraMrWBy 
for tin iniirwy, cornptHtlKtl or UMAUHW of «ry 
teformatjon, appuilu, product or Broom <UicloaHl;or 
reprutnli Ihlt itl tiM wniM Ml 
privjrery-owBcd rights. 

Relcmpi !io. a osaipeay « pmdwct.MDio dots DM 
imply, approval rxiiuiiiaitswJalloftof Uw'prodiict ay 
IV U«mr*y of Calaferab ortk» US. EMrty Kntareh 

. A DmkprasM AdmtotilratlHi1 to iV> tsdualMi of . 
olhtnHut miy:H'inittWt., " .-,-' .¥• 

•rtatai in rt«:Uilll«il SWci of Americt 

-. '0 

"' Nitkmil Technical uforrnarnfi S e n * * V.. --; 

• VS. Dcfuitmeit of C«wner« 
52SS Port Royii Road 
SptWM*. VA 22161 . '-, 
rrtce: Praited.Copy J ; Miirondw SJ.OfJ 1 

- • t i m t t U l V " ' ; - ' ' ' Owriatlia •' 
• W Waan Ffhj*-'-'1' ." Papa Hanf> .-̂ v- •ma 

001-025 5 3.50 326-350 IDA) 
- 026-050 • 4.0D - . 3S1^37S 10.50 
OSl-075 J . 4.50 376^400 10.7$ 
v7«- l«> , SM : 4 u i - « 2 S , 11*0 
101-125 " S.S0 « & - 4 5 0 11.75* 
120-150 6.00 -• •• ' . * 5 l - 4 7 5 • 12 JO 
1 S I - 1 7 S ' > M S 476-500 12.50 
]7 * -200 7 JO 501-525 . : . '.' 12.75 

,201-225 7.75 526-550 : 13.00 
'236-250 .' MQ x.. 551-575 „ . ' 13.50 
2 5 1 - 2 7 5 " M O 1 .: 576-400 - •". ^ 13.7J> 
276-300 >.I5 601-up :• - * v> 

301-325 , . 9,75 
" • 

•'AM SW* <<x «ck mltlwirt IQOpfat Imsmml ipm M l to 1400 f t 
•at WJ0 for Hdi aNUkaal I M urn bmiMt m 1,000 ft) m-

• : \ 

• • ..J X<,M •MUMI-V* tM 


