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ABSTRACT

Two files of nuclear structure data derived largely from the
seventh edition of the Table of Isotopes are described. The files
are computer oriented, and have been constructed to so that every
decay can be traced either to an eventual ground state of to a
positive flag that indicates nothing is known about further decay.

The ENSL file contains level schemes derived from decay data,
and the CDRL file contains the level schemes derived from
particle-induced reaction data that have been merged into the ENSL
file.
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FOREWORD

The UCRL-50400 series, An Integrated System for Production of Seutronics and Photonics
Calculation^ Constants, describes an integrated, computer-oriented s>stem for the production and application
of neutronics and photonics calcuiational constants.

The system supplies reliable, up-to-date data, selects specific types of data on request, provides out-
put in a variety of forms (ultimately in the form of input to other computer codes), and functions rapidly and
efficient!). - - -

The UCRL-50400 series comprises the following volumes:
• Vol. 1, Part A, Rev. 3, ECSIL: A System for Storage, Retrieval, and Display of Experimental

Neutron Data, September 1976.
• Vol. 1, Part B, Program ECSX4 (Version 78-11: Conversion of Experimentally Measured Cross-

Section Data from the Four-Center-Exchange (X-4; Formal to the Lhermore ESC1L Format. December 1978.
• Vol. 2, Rev. 2, A Bibliography of the Experimental Data of Neutron-Induced Interactions, July

1976.
• Vol. 3, Rev. 2, An Index of the Experimental Data of Neutron-Induced Interactions, July 1976.
• Vol. 4, Evaluated Nuclear Cross-Section Library, April 1971.
• Vol. 5, Part A, Rev. 1, CLYDE: A Code for the Production of Calculational Constants from

Nuclear Data, September 1975.
• Vol. 5. Part B. Rev. 1, Relativistic Transformations between Center-of-Mass and Laboratory

Systems for Two-Body Nuclear Reactions, April 1978.
• Vol. 6, Rev. 2. Tables and Graphs of Photon-Interaction Cross Sections from ! keV to 100 MeV,

December 1978.
• Vol. 7, Part A, Rev. 1, Major Neutron-Induced Interactions (Z < 55): Graphical, Experimental

Data, July 1976.
• Vol. 7, Part B, Rev. 1, Major Neutron-Induced Interactions (Z > 55): Graphical, Experimental

Data, July 1976.
• Vol. 8, Pan A, Rev. 1, Supplemental Neutron-Induced Interactions IZ < 35): Graphical, Ex-

perimental Data, July 1976.
• Vol. 8, Part B, Rev. 1, Supplemental Neutron-Induced Interactions (Z > 35J: Graphical, Ex-

perimental Data, July 1976.
• Vol. 9, Thresholds of Nuclear Reactions Induced by Neutrons, Photons, Deuterons, Tritons, and

Alpha Particles, September 1970.
• Vol. 10, Rev. 1, Tabulated Experimental Data for Neutron-Induced Interactions, July 1976.
• Vol. 11, Experimental Data, Indexes, and Techniques of Obtaining a Selected Set of Neutron

Resonance Parameters, May 1972.
• Vol. 12, An Atlas of Resolved Neutron Resonance Parameters, July 1972.
• Vol. 13, An Atlas of Unresolved Neutron Resonance Parameters, September 1972.
• Vol. 14, TARTNP: A Coupled Neutron-Photon Monte Carlo Transport Code, February 1976.
• Vol. 15, Part A, The LLL Evaluated-Nuclear-Data Library (ENDLj: Evaluation Techniques,

Reaction Index, and Descriptions of Individual Evaluations, September 1975.
• Vol. 15, Part B, Rev. 1, The LLL Evaluated-Nuclear-Data Library (ENDL): Graphs of Cross Sec-

tions from the Library, October 1978.
• Vol. 15, Part C, The LLL Evaluated-Nuclear-Data Library (ENDLj: Translation of ENDL

Neutron-Induced Interaction Data into the ENDF/B Format, April 1976.
• Vol. 15, Part D, Rev. 1, The LLL Evalualed-Nuclear-Data Library (ENDL): Descriptions of In-

dividual Evaluations for Z= 0-98, May 1978.
• Vol. 15, Part E, Data Testing Results for the LLL Nuclear Data Library (ENDL-78), August

1979.
• Vol. 15, Part F, Experimental and Evaluated Elastic Nuclear Plus Interference Cross Sections for

Light Charged Particles, July 1980.
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• Vol. 16, Rev. 2, Tabular and Graphical Presentation of 175 Neutron-Group Constants Derived from
the LLL Evaluated-Nuclear-Data Library (ENDL). October 1978.

• Voi. 17, Part A, Rev. 2, Program LINEAR (Version 79-1 j: Linearize Data in the Evaluated
Nuclear Data File/Version B 'ENDF/B) Format, October 1979.

• Vol. 17, Part 3, Rev, 2, Program SIGMA! I Version '9-1 /: Doppler Broaden Evaluated Cross Sec-
tions in the Evaluated Nuclear Data File/Version B ! ENDF/B) Format, October 1979.

• Vol. 17, Part C. Program RECENT: Reconstruction of Energy-Dependent Cross Sections from
Resonance Parameters in ihe ENDF/B Format, October 1979.

• Vol. 17, Part D. Program GROUPIE: Calculation uf Self-Shielded Cross Sections and Multiband
Parameters from Evaluated Data in the ENDF/B Format, 1980.

• Vol. 17, Part E, Program EVALPLOT: Plot Data in the Evaluated-Nuclear-Data File/Version B
(ENDF/B) Format, February 1979.

• Vol. 17, Part F, DO WNER {Version 79-1): Group Collapse Cross Section and Transfer Matrices,
January 1979.

• Vol. 18, ACTL: Evaluated Neutron Activation Cross-Section Library, October 1978.
• Vol. 19, Neutron-Induced Angular and Energy Distributions: Graphical Experimental Data, April

1977.
• Vol. 20, Bonderenko Self-Shielded Cross Sections and Multiband Parameters Derived from the

LLL Evaluated-Nuclear-Data Library (ENDL), July 1978.
• Vol. 21, Part A, Maxwell-Averaged Reaction Rates (av)for Selected Reactions between Ions with

Atomic Mass < 11, February 1979.
• Vol. 21, Part C, Program SIGMAL (Version 79-1 j: Doppler-Broaden Evaluated Cross Sections in

the Livermore-Evaluated Nuclear Data Library (ENDL) Format, March 1979.
• Vol. 22, GAMIDENT: A Program to Aid in the Identification of Unknown Materials by Gamma-

Ray Spectroscopy, January 1980.
• Vol. 23, ENSL and CDRL: Evaluated Nuclear Structure Libraries, February 1981.
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ENSL and CDRL: Evaluated Nuclear Structure Libraries

ABSTRACT

Tvo files of nuclear structure data derived largely from the seventh

edition of the Table of Isotopes are described. The files are computer

oriented, and have been constructed so that every decay can be traced either

to an eventual ground state or to a positive flag that indicates nothing is

known about further decay.

INTRODUCTION

Shortly after the issuance of the seventh edition of the Table of

Isotopes, Dr. C. M. Lederer, of the Lawrence Berkeley Laboratory, gave

Mr. Viktor Hamper, of the Lawrence Livermore National Laboratory (LLNL),

magnetic tapes of this publication. Mr. Hampel used the programming services

of Mr. Fred Banfield to convert the tapes to a format that Dr. Donald Gardner

(also of LLNL) and.I provided. Mr. Banfield produced two files in May 1979;

one for level schemes derived from decay data, the other for level schemes

derived from par tide-induced reaction data. These two files, plus certain

data of reference 1 that for one reason or another were not translated by

Mr. Banfield, form the basis of two nuclear structure data files, ENSL and

CDRL. In the following discussion, we describe the method by which these

files were constructed and their format.

METHODS

The ENSL f i l e contains level schemes derived from decay data, and the

CDRL f i le contains the level schemes derived from particle-induced reaction

data that have been merged into the ENSL f i l e . The levels in each f i l e are

characterized by nucleus, level energy, pa r i ty , spin (if pari ty and spin are

known), ha l f - l i f e , and number of decay modes. The nucleus, the level to which

the s ta te decays, the probabili ty of occurrence, and the Q value are given

for each decay mode of a level . Levels whose decay modes are unknown, for

example, several of those derived from the par t ide- induced reaction data, are

posit ively flagged. Thus, in the ENSL f i l e the decay of a level can be

followed to an eventual ground s t a t e , and in the CDRL f i l e i t can be followed

1



either to an eventual ground state or to a positive flag, indicating that

nothing is known about further decay.

When using the CDRL file, it is possible to assume that a level with an

unknown decay mode decays by gamma transition to the ground state of the same

nucleus, with a probability of unity and a Q value equal to the level

energy. Such an assumption is undoubtedly incorrect, but it can conserve the

total energy of the transition and permit a decay to be followed (albeit

artificially) to an eventual ground state. Most levels with unknown decay

modes are associated with the relatively high energy states in nuclei, where

the true decay is by gamna cascade. Thus, in most cases, this assumption

preserves the proper decay mode but produces too hard a gamma-production

spectrum with too low a gamma multiplicity.

Since the purpose of these files is to provide input for computer codes,

the files must be complete—i.e., any level must be able to be traced to an

eventual ground state or to a positive flag. It is in the sense of

completeness, then, that these files are "evaluated" files. Of course, credit

for the evaluated data goes to the compilers of the Table of Isotopes ;

we merely extended their work to ensure completeness, and converted the data

to easily manipulable files.

To remove ambiguities and to ensure that all decays could be followed to

an eventual ground state or, where decay modes were unknown, to a positive

termination, we manipulated the files to correspond to the following

assumptions:

1. If no spin or parity data were given for a level, those fields were

left blank. This did not affect the tracing of decays.

2. If more than one set of spin or parity data was given, the first set

was assumed correct and entered into the file.

3. Stable ground states were given a half-life of 10^° s.

4. States without a given half-life were assumed to decay

"instantaneously" and were assigned a half-life of 10 s.

5. If more than one decay mode was indicated for a level but no

probabilities were given, equal probabilities were assigned.

6. All Q values were derived from the Wapstra-Bos tables.2

7. In the ENSL, or original decay data, file, a level without a decay

mode was assumed to decay to the ground state by gamma transition.



Because there were relatively few such cases, we judged this

assumption to be useful in ensuring the file's completeness.

8. When the par tide-induced reaction data were merged into the ENSL

file, there were many duplications of levels; seme with identical

energies and half-lives, others with slightly different energies.

It was obvious that the same levels were represented. To Seal with

this problem, we assumed that two level energies differing in their

ratios by less than .001 represented the same level and that its

level energy was from the ENSL file. This required adjusting the

level energies of decay modes derived from particle-induced reaction

data, which, in turn, affected the Q values of those decay modes.

The adjustment was made in the interest of energy conservation.

9. All energies are in mega-electron volts, and all half-lives are in

seconds.

10. The files are ordered by ascending charge and mass of nuclei, ZA

(1000Z +A), and level energy. We departed from the usual order of

mass and charge to facilitate linking the files to other computer

codes using the ZA convention.

CONVENTIONS AND FORMATS

The encoding, DM, of the various decay modes is as follows:

DM
1

2

3

4

5

6

7

8

9

10

17

18

19

99

Decay mode

Neutron

Proton

Deuteron

Triton

3He

Alpha

Gamma

B +

B"
Electron capture

Internal transition (0+ •*• 0+)

Unresolved 0 + + electron capture

Unknown

Stable



Each level is described by a set of data, the first record of which gives

the nucleus, level energy, parity, spin, half-life, and number of decay modes

to follow. The second and following records give the decay mode, the

secondary nucleus, the level, and the probability and Q value of the decay

mode. The formats of the records are as follows:

First record

Columns

1-6*

7-17

18

19-21

22

23-26

27-37

38

39-40

*
Entry

ZA (1000Z + A)

Level energy

Unused

Parity (1.0 or -1.0)

Unused

Spin

Half-life

Unused

Number of decay modes

Format

16

Ell. 4

IX

F3.0

IX

F4.1

Ell. 4

IX

12

Second and following records

Columns

1-38

39-40

41

42-47

48-58

58-69

70-80

Entry

Unused

Decay mode

Unused

ZA of product nucleus

Level of product nucleus

Probability of decay mode

Q value of decay mode

Format

38X

12

IX

16

Ell. 4

Ell. 4

Ell. 4

*The end of each file is flagged by an entry of 900000 in columns 1-6 of a

first record.



Those who wish to consult a display of the data may refer to the

microfiche included with this report; those who need computer-readable files

may obtain ENSL and CDRL on magnetic tape upon request. On magnetic tape,

ENSL and CDRL are available as one blocked file each or as four and five

blocked files, respectively. In the latter case, each blocked file

corresponds to the Z ranges on the microfiche and in Table 1, which shows the

appropriate statistical data for each file. Requests for magnetic tape of the

data may be directed to the National Nuclear Data Center, Brookhaven National

Laboratory; the Radiation Shielding Information Center, Oak Ridge National

Laboratory; or the Nuclear Data Section, International Atomic Energy Agency,

Vienna, Austria.

TABLE 1. Statistical data for each evaluated nuclear structure file.

Number of isotopes

Number of levels

Maximum number of

Maximum number of

File

CDRL81-1

CDRL81-2

CDRL81-3

CDRL81-4

CDRL81-5

ENSL81-1

ENSL81-2

ENSL81-3

ENSL81-4

CDRL81

ENSL81

decays for

levels for

2-Range

1-19

20-29

40-59

60-79

80-105

1-24

25-49

50-74

75-105

1-105

1-105

a level

an isotope

CDRL81

1553

41209

72

142

Number of records

11521

25526

32039

38615

18216

2767

17746

27429

15443

125913

63382

ENSL81

1481

15378

72

86
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