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Note:

The IAEA-NDS-reports should not be considered as formal publications. When a nuclear data
library is sent out by the IAEA Nuclear Data Section, it will be accompanied by an IAEA-NDS-
report which should give the data user all necessary documentation on contents, format and
origin of the data library.

IAEA-NDS-reports are updated whenever there is additional information of relevance to the
users of the data library.

For citations care should be taken that credit is given to the author of the data library and/or to
the data center which issued the data library. The editor of the IAEA-NDS-report is usually not
the author of the data library.

Neither the originator of the data libraries nor the IAEA assume any liability for their correctness
or for any damages resulting from their use.
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Citation quideline:

When quoting EXFOR data in a publication this should be done in the following way:

"A.B. Author et al.: Data file EXFOR-12345.002 dated 1980-04-05, compare J. Nucl. Phys.
12,345, (1979). EXFOR data retrieved from the IAEA Nuclear Data Section, Vienna."



LEXFOR

PREFACE

EXFOR is the database for experimental nuclear reaction data maintained by the
international Network of Nuclear Reaction Data Centres (NRDC) co-ordinated by the
IAEA Nuclear Data Section. This manual describes the quantity definitions and
compilation guidelines to be used by EXFOR compilers.

The various aspects of the EXFOR system are described in the following documents:

Name Report code Topics Intended
readership

LEXFOR IAEA-NDS-208 Quantity definitions | Compilers

and compilation

guidelines
EXFOR Exchange | IAEA-NDS-207 Description of Compilers, software
Formats Manual EXFOR exchange developers

formats
EXFOR/CINDA IAEA-NDS-213 Description of Compilers, software
Dictionary Manual dictionary formats developers
NRDC Protocol NRDC Protocol Procedures for Compilers, centre

EXFOR exchange heads
between NRDC

centres
NRDC Network INDC(NDS)-401 Scope of activities Centre heads
document and cooperation of

NRDC centres
EXFOR Basics IAEA-NDS-206 Explanation of basic | EXFOR users
Manual formats

How to use this manual

This manual serves two purposes: it may be used textbook-like as an introduction to the
newcomer, and it serves as a reference manual for compilers. It is strongly recommended
to any new compiler to first take a little time to browse through the complete manual (this
will save much time later during the compilation work), and then have it at hand as a
reference manual whenever compilation work is to be done.
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LEXFOR

LEXFOR

INTRODUCTION

LEXFOR is the compiler's section of the EXFOR Manual. The contents are arranged
similar to a lexicon in alphabetical order by subject heading. As distinct from the
EXFOR Exchange Formats Manual, LEXFOR includes information essential for
compilers using EXFOR, that is:

e physical definitions of codes defined in the EXFOR Systems Manual and its
dictionaries,

» physical background information required for preparing high-quality EXFORentries,
e practical examples of how to use the EXFOR system,
« other information that may be helpful to compilers.

The responsibility for updating LEXFOR is outlined in the Nuclear Reaction Data
Centres Protocol, section “Manuals”.

The LEXFOR subject headings are given at the top of each page. Each subject heading
starts with a new page for the sake of easier updating.
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LEXFOR

Absorption
Definition: Absorption is the sum of all energetically possible interactions excluding elastic
and inelastic scattering.
REACTION Coding: ABS in REACTION SF3 (Process)
Sum rules: Absorption = total minus scattering
= nonelastic minus inelastic

Absorption is a sum cross section. It should only be used where two or more reactions are
energetically possible.

Examples of cases which are not coded under absorption:

a.) The frequently so-called "hydrogen neutron absorption cross section™ must clearly be
coded as (n,y), because no other neutron-absorbing reaction besides (n, y) is possible.

b.) The thermal "neutron absorption cross section™ for gold should be coded as (n, y), since
the energetically possible (n,p) and (n,a) cross sections are negligible in comparison with
the measurement uncertainty of the (n, y) cross section.

Capture

Definition: A reaction in which the incident projectile is absorbed by the target nucleus
which then emits electromagnetic radiation.

REACTION coding: Gin REACTION SF3 (Process)

Neutron data
For fissile isotopes at thermal neutron energies below reaction (e.g., n,2n) thresholds:
Absorption = capture plus fission

Where absorption is, throughout an experimental data set, identical with the (n,y) reaction, it
should be coded as (n,y), see above. (See also Tautologies).

Alpha
Definition: Alpha is the radiative capture-to-fission cross section ratio, Oy /0n .

REACTION coding: (..(N,ABS),,ALF)?!
at resonance energy: (.. (N,ABS),,ALF, ,RES)
See also Single-Level Resonance Parameters.

Disappearance Cross Section

The disappearance or removal® cross section is defined as the cross section for all neutron-
induced process producing no emergent neutron, that is (n,y) + (n,p) + ... It differs from the
absorption cross section in that it does not include (n,2n), (n,np), etc.

! The REACTION process code ABS is entered, since capture and fission are considered.
2 Note other meanings of "removal" in reactor physics and shielding physics.
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Activation

Definition: Activation is the production of a radioactive residual nucleus as a result of a
reaction, which is determined by measuring a specific decay radiation emitted by the product
nucleus.

The activation cross section is usually identified with one of the following:

1. a specific reaction, and, therefore, the data given should be coded under the
appropriate reaction, e.g., (n,y) or (p,n).

2. the production of a specific radioactive nuclide, which may be produced by two or
more parallel reactions; this case may be coded as a production cross section, or as a sum of
the possible reactions, whichever is more appropriate. (See also, Production and Emission
Cross Sections, Sums).

Examples:

a.) ((26-FE-58 (N, N+P) 25-MN-55, , SIG) +
(26-FE-58 (N, D) 25-MN-57, , SIG) )

b.) (26-FE-0 (N, X) 25-MN-57,, SIG)
The code ACTIV (activation) is entered under the information-identifier keyword METHOD.

The decay information used in the analysis of the data given should be specified under the
appropriate keywords. (See Decay Data).

Compilers should take special care when coding activation cross sections to nuclei that have
metastable states to specify what has actually been measured. (See Isomeric States).
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Analysis

The information-identifier keyword ANALYSTS is used to enter all relevant information on
how the experimental results have been analyzed to obtain the values (given under DAT2)
that actually represent the result of the analysis. In particular, this keyword is used for
deduced data such as resonance parameters. If the basic data used for the analysis have also
been entered in EXFOR, a cross-reference to those sets should be given in the free text. If
important assumptions were made (e.g., negative resonances), these should be specified
either directly or by reference. For example, extrapolation and interpolation should be given
only with appropriate references. (See also Assumed Values, Dependent Data).

The keyword ANALYSTS should not be used for information on any analysis made on the
data set to obtain theoretical conclusions.

Resonance parameters require an entry under ANALYSIS explaining how they have been
obtained. "Single level” or "multi-level™ must be given in coded form, if known. A more
precise definition of the analysis in free text is desirable, at least in the form of a cross-
reference to the literature in which a description of the analysis can be found.

An energy step used in the analysis may be coded in the data table under the data heading
ANAL-STEP.

See also Corrections and EXFOR Exchange Formats Manual Chapter 7: ANALYSIS.

% Such information can be noted under the keyword ADD-RES.
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Angle

(See also Errors: Correlations, Differential Data).

Secondary-Particle Angle

The angle of a secondary particle with respect to the incident-projectile beam, or the angle
between a correlated particle pair, may be entered either as an angle in degrees (data units
ADEG) or as a cosine (data units NO-DIM). An angle given in degrees, minutes, and/or
seconds may be entered in two or three fields with the data heading repeated. See EXFOR
Exchange Formats Manual, Chapter 4: Repetition of Data Headings.

For relativistic data, angular distributions may be given as a function of g, referred to as
momentum transfer, which is related to the center-of-mass angle by:
g = 2ksin(42)
where k is center-of-mass momentum of the final system.

The momentum transfer is given in units of inverse length (e.g., 1/fermi). See Kerman* for
more detail.

Data headings:

ANG = angle in lab system

ANG-CM = angle in center-of-mass system

CoS = cosine of angle in lab system

COS-CM = cosine of angle in center-of-mass system
q = momentum transfer

ANG-AZ = azimuthal angle

and other codes given in Dictionary 24 with the family flag G.

When two or more angles are considered (e.g., for angular correlations), the data headings
ANGI1, ANG2, etc., are used. These are entered in the same order as the particles for which
the angles are given are entered in the particle considered subfield of the reaction string.

The angle at which the data are normalized, if different from the angle at which the data were
measured, may be given under the data heading ANG-NRM in the COMMON or DATA
section.

Angular Error and Resolution

Numerical values for the angular error or resolution may be entered in the COMMON or
DATA section using data headings from Dictionary 24 with the family code H, e.g.,
ANG-RSL, COS-ERR. Further information can be given in free text under the keyword
ERR-ANALYS. (See also Errors, Resolution).

* A.K. Kerman, H. McManus, R.M. Thaler, Ann. Phys. 8, 551 (1959)
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Assumed Values

Only values defined by the data specification keyword REACTION should be given in the
data table under the data heading DATA (and its derivatives). It is, however, often important
that numerical values used for the derivation of the results also be entered into the data table
in coded form, i.e., values assumed by the author, including values taken from another
source.

Reference cross sections used for normalization should be entered under the keyword
MONITOR. (See Standards).

Decay data should be entered under the keyword DECAY-DATA. (See Decay Data).

Assumed values for which a data-heading keyword exists should be coded under that data
heading in the COMMON or DATA sections, e.g., spin (SPIN J), resonance energy
(EN-RES).

All other assumed values for which a quantity code exists may be entered under the data
heading ASSUM in the COMMON or DATA section and defined in the BIB section under the
keyword ASSUMED. See EXFOR Exchange Formats Manual Chapter 7: ASSUMED.

Following are some examples of data to be coded using the keyword ASSUMED.

a.) A cross section assumed for one of the elements in a compound to derive the cross
section for another.

b.) Cross sections assumed for an isotope in a natural isotopic mixture to derive a cross
section for another isotope in the mixture.

c.) A resonance width assumed in order to deduce other resonance parameters.

Example:
BIB
ASSUMED (ASSUM, 6-C-12 (N,EL)6-C-12,,DA)

ENDBIB

DATA

ANGLE DATA ASSUM
ADEG MB/SR MB/SR

ENDDATA
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Astrophysical S-factor

(See also Thermonuclear Reaction Rate).

For non-resonant reactions between low-energy charged particles, the steepest dependence of
o(E) is contained in the penetration factor for the Coulomb and angular momentum barrier.
For incident energies that are small compared to the height of these barriers, it is convenient
to factor out the energy dependence and an additional factor of 1/E. The cross section can

then be written:

in terms of the Coulomb parameter

o(E)= % exp(=27n)

n=2,2,¢e*/hv

where v = relative velocity
Z,, Z, = charge of incident ion and target, respectively

or in terms of the Gamow energy

o(E) = %exp[— ﬂ/\/E]

B=0.98948 7,Z,m"?

where E = center-of-mass incident energy (MeV)
Z1,Z, =charge of incident ion and target, respectively
m = reduced mass of system:®> m = m; m,/(m; + my)

REACTION Coding: (..., SIG,, SFC)

Units: a code from Dictionary 25 with the dimension E*B (e.g., BEV).

S-factor as a function of angle.

Occasionally, the S-factor may be given as a function of angle: S(E,0).

REACTION coding: (....DA, , SFC)

Units: a code from Dictionary 25 with the dimension EDA (e.g., BxMEV/SR)

® The actual mass must be used, not the mass number.

A6
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Author

The author(s) of a data set are entered under the information-identifier keyword AUTHOR, all
names between one set of parentheses and separated by a comma. The sequence of the
names should be the same as in the publication.

See EXFOR Exchange Formats Manual Chapter 7: AUTHOR for coding format.

If a data set has several references with varying co-authors, all co-authors may be entered.
Some East-European authors spell their names, and, in particular, their initials differently
depending on whether they publish in their own language or in English. Gyulia (Hungarian)
= Julius (English). Hristov (Bulgarian) = Christoph (English). If this is detected, the spelling

in the author's own language is preferred.

For the transliteration of Cyrillic names the following list should be used.

=7

A B B [T |4 [E |[E PK 3 n mm K o1 ™M H O |
A B [V |G D [E zZh |z |l Y K |[L M N O P
p C T ¥ | X U4 MW W W b bl b |3 O |4

R IS T U |[F |Kh |[Ts |Ch |Sh |Shch| Y | E [Yu |Ya

This list had been made according to the ISO prescriptions, amended for computer usage with
respect to accents, with the exception that different systems are not allowed in parallel (as is
the case with the new ISO prescriptions). For instance the earlier transliterations Ju and Ja
are allowed in the new 1SO as well as Yu and Ya.

This scheme corresponds to the official Russian transliteration scheme with the exception of '
which is represented as "

Asian Names: For Asian names the full name may be given with the family name given first:

Example: Li Xaodong
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Average Resonance Parameters

For average resonance parameters, the energy range over which the data were averaged must
be specified under the data headings EN-MIN and EN-MAX. When specified, the parameters
| and J are given under the data headings MOMENTUM I and SPIN J (see under Quantum
Numbers).

1. Average Widths: The average of the resonance widths of a specified type in a specified
energy range.

REACTION Coding: quantity modifier Av in SF8
Units: a code from Dictionary 25 with the dimension E (e.g., KEV)

Example: (..(N,EL),,WID/RED,,AV) Averaged reduced neutron width

2. Average Level-Spacing: The average energy distance (D) between nearest-neighbor
compound-nucleus resonances of total spin J caused by neutrons of orbital angular
momentum |.

If the J and | values of the resonance are not determined, then D is understood to indicate the
observed level spacing.

REACTION Coding: Parameter code D in SF6
Units: a code from Dictionary 25 with the dimension E (e.g., KEV)

Example: (..(N,0),,D)
Authors may apply statistical tests to evaluate the number of missed resonances. This
information should be given under ANALYSTIS.

3. Fermi-gas model parameters: See Nuclear Quantities.

4. Strength Functions: The strength function (S) is defined as the ratio of the average
reduced neutron width to the average level spacing for compound-nucleus resonances of
specified spin J and angular momentum |.

If I is known, but J is not known, the strength function given is defined as:
S'=<g/*>/(21+1) D!
If Jand I are not known, then S is understood to be the observed strength function.

REACTION Coding: parameter code STF in SF6
Units: NO-DIM

Example:
REACTION (...(N,EL), ,STF)
DATA
EN-MIN EN-MAX MOMENTUM L DATA
EV EV NO-DIM NO-DIM
ENDDATA = =
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Center-of-Mass System

An indication that data are given in center-of-mass system (CMS) is given within the data
headings (not within the quantity codes). All quantities are understood to represent the
laboratory system, unless the data headings are modified by ‘-cm’, as for example:

EN-CM = energy of the center of mass of incident projectile and target.

E-CM = energy of the center of mass of two outgoing particles.

ANG-CM = angle between two emitted particles given in the CMS

NUMBER-CM = heading for the coefficient number when the Legendre or cosine fit

refers to an angle given in the CMS!
heading for data which are given in the CMS.

DATA-CM
See also others given in Dictionary 24.

The compiler should use great care if converting the author’s data from the center-of-mass
system to the laboratory system, and should document such conversions in free text under the
keyword STATUS. The author’s original data should be retained.

Note that for certain quantities, such as Analyzing Power (see page P.11), the numerical
values are identical, whether the angle is given in the laboratory or center-of-mass system. In
such cases, only the heading DATA should be used, whether the dependent variable is given
as ANG or as ANG-CM.

Note: Only one representation (i.e., either laboratory or center-of-mass) for each parameter
may be coded as a variable in the data table. The other representation may be added under
the data heading MISC if considered desirable by the compiler. In case of doubt, the
laboratory system is preferred.

! Independent of whether the fit has been made to an angular distribution in CMS or whether it has first been
made to an angular distribution in the laboratory system and then converted to CMS.
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Chemical Compounds

In general, chemical compounds are specified under the keyword REACT 10N by combining a
compound code, e.g., CMP, with the element number and symbol of its main component, e.g.,
26-FE-OXI for iron oxide, or 26-FE-CMP for any other iron compound. For a small
number of materials of particular importance for users of nuclear reaction data, special
compound codes are used. These are listed in Dictionary 209. (See also EXFOR Exchange
Formats Manual Chapter 6: Coding of nuclides and compounds).

Example: 1-H-BNZ for benzene (CsHe).
More detailed information on the compound is given under the keyword SAMPLE.

Three rules must be kept in mind:
1) A more specific code has priority over a more general code.
Examples:

a) Zirconium hydrides are to be entered as 40-ZR-HYD, and not as 1-H-CMP or
40-ZR-CMP.

b) Water is to be coded as 1-H-WTR and not as 1-H-CMP.

2) For alloys (or other mixtures) the code CMP is combined with the element symbol of the
major component, usually the one named first. For chemical compounds the code CMP is
combined with the symbol of the primary element, usually the first one of the formula,
for example, CaCOg is coded as 20-CA-CMP, and not 6-C-CMP or 8-0-CMP.

3) If the compiler feels that two possible codes are equally relevant, the reaction
combination using the equal sign (tautology) may be used.

Examples:

a) Ammonium-hydrocarbon
((7-N-AMM, . . . .. )=(1-H-CXX,....))

b) Brass, if it contains 50% Cu and 50% Sn
((29-CU-CMP, . . . .)=(50-SN-CMP, . .. .))

Typical data on compounds entered are low-energy neutron data, where chemical or
crystalline binding forces affect the neutron cross sections; an example is the total cross
section or thermal-scattering data of water. However, thermal scattering data for H, must be
entered under the isotope 1-H-1, supplemented by an entry under the keyword SAMPLE.

If, for example, the sample is a compound, e.g., PuO,, and, if the data given refer only to Pu,
then the data is entered under Pu.

C.2 February 2008



LEXFOR

Comments

Free text comments

The language of the free text comments is English, and clear English phrasing should be
used. (See Free Text, and EXFOR Exchange Formats Manual Chapter 3: Free Text).

Unlimited free text comments are permitted with each information identifier keyword; however,
the compiler should aim to be as concise as possible.

Information-ldentifier keyword COMMENT

Free text comments may be entered under the keyword COMMENT, such as:

e Miscellaneous information that cannot logically be entered under other available
keywords.?

e Author's statements about the data, e.g., whether they agree with theory or with other
data.

e Compiler or evaluator comments (see also CRITIQUE, below).

Any information which does not originate with the author must be clearly labeled, e.g.,
"Comment by the compiler:", and unambiguously separated from author's comments, for
example, by including it between quotation marks.

Information-ldentifier Keyword CRITIQUE

The keyword CRITIQUE may be used for free text comments on the quality of the data
entered, as given by the compiler or by an evaluator.®

The reference from which an evaluator's comments are taken should be entered under the
keyword REL-REF. (See Reference).

Information-ldentifier Keyword FLAG

The keyword FLAG is used to link free text comments in the BIB section with specific lines
in the DATA section. (See Flags).

? Free text comments related to any other information-identifier keywords do not belong under the keyword
COMMENT. They should be entered under the appropriate keyword.
® Such comments should be called to the attention of the author, when possible.
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Corrections

All relevant information about corrections applied to the measured data to obtain the values
given under the heading DATA should be entered as free text information under the
information-identifier keyword CORRECT ION.

Example: CORRECTION Corrected for multiple scattering.

This may include information on:

e corrections that have been applied

= corrections that have not been applied

. corrections that are estimated to be negligible.

Corrections that are not mentioned by the author, but are regarded by the compiler as
relevant, may be entered under COMMENT (see Comments), where they must be clearly
labeled as compiler's comments.

Errors contributed by the uncertainties of the corrections are entered under ERR-ANALYS
(see Errors).

Consideration, depending on the compiler's judgment: In general, the data resulting from the
corrections applied by the author are compiled. However, evaluators frequently re-assess old
data using improved corrections because they may have better knowledge on the theory of the
experiment than that which was available to the author at the time of the experiment. (This
may concern items such as spectra shapes, detector-efficiency curves, etc.) In such cases, the
re-assessed data is useful information to the user of EXFOR data and should, therefore, be
compiled. They would be labeled under STATUS with the code RNORM. The author’s
original values must be kept.

Compare: Status: Normalization.
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Correlations

See Differential Data.

Covariance

Definition

For a given set of experimental data points Xx;, there exists a set of errors n;. Ax;; are the
magnitude of the uncertainties.

1 2 3 n
X1 AXqq JAVSP) AXq3 e AX1,
X2 AXyy JAVON AXog e AXop,
X3 AXay AXzp AXa3 e AXa,
X AV AXp AX)3 . Xin

The covariance matrix is a measure of these errors and the correlations between them. See
also Errors: Error Correlations.

Coding

Covariance matrices, if given by the experimentalist, should be included, where possible,
either in structured form as free text under the keyword COVARIANCE or, for large
matrices, stored on a separate covariance file.

Information-ldentifier Keyword COVARIANCE

Only non-zero matrix elements need be given.

Example:

{COVARIANCE | VALUES GIVEN ONLY FOR ELEMENTS BELOW DIAGONAL OF SYMMETRIC MATRIX ON:
: SAME ENERGY GRID AS DATA.

1.0
| 10.98 1.0 |
10.90 0.97 1.0

10.70 0.82 0.93 1.0

10.54 0.68 0.83 0.96 1.0

10.64 0.75 0.85 0.92 0.95 1.0

The code COVAR is used under the keyword COVARIANCE to signal the existence of a
separate covariance file for that data set.

Example:

COVARIANCE (COVAR) COMPLETE COVARIANCE MATRIX GIVEN IN SEPARATE
COVARIANCE FILE.
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Covariance (continued)

Covariance File

Data stored in the experimentalists' format contains a header record that specifies the data set
number to which the matrix belongs, the covariance type, and the format.

The format may be either a free format, defined in a comment record, or in ENDF-6 File 33
format.

See EXFOR Exchange Formats Manual, Appendix B, for description and examples of
formats.
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Cross sections

(For fission cross sections, see Fission).
(For cross sections leading to isomeric states, see Isomeric States).
(See also Differential Data and LEXFOR entries for specific processes).

Definition: Cross sections are microscopic reaction probabilities, and are given as a function
of incident projectile energy.

Cross Section (integrated, as opposed to differential with respect to angle and/or energy of
secondary particles).

REACTION coding: Process code SIG in SF6.
Units: code from Dictionary 25 with the dimension B (e.g., MB).

Example: (29-CU-63(P,N)30-ZN-63,,SIG)

Cross section integral between specified incident energy limits

Definition: E,
!’0 dE

REACTION Coding: INT in SF6 (parameter).
Units: code from Dictionary 25 with the dimension E*B (e.g., B*EV).

Example:  (92-U-235(N,F),, INT)*
The energy limits are specified under the data-heading keywords EN-MIN and EN-MAX.

Such data may be coded only in the following cases:

1. When the data are normalized by means of an integral cross section over a specified
energy range, the integral may be entered under the keyword MONITOR.

2. When the differential data are not available.
3. When the energy ranges given are commonly used for inter-comparison of the data.
Generally, only data integrated by the experimentalist are compiled. Data that were not

integrated by the experimentalist should be entered with a comment clearing stating by whom
they were integrated.

Compilation of such data is optional.

* This code is not to be used for integral measurements.
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Cross sections (continued)

Total Charge-Changing Cross Section

Definition: The cross section for the emission of all products whose charge differs from the
incident projectile charge. That is, if Z, is the incident projectile charge and Z; is the charge

of a given product nucleus, then O+ is the cross section for the production of all nuclei such
that Z1% Zo.

Sum rule: Orcc = Otot — Ozo=21
Example: REACTION (26-FE-56(6-C-12,TCC), ,SIG)
Units: code from Dictionary 25 with the dimension B (e.g., MB).
Note: the partial charge-changing cross section, which is given for particles for a given AZ
(e.g., AZ =-1), is coded as a production cross section:
Example: REACTION (26-FE-56(6-C-12,X)ELEM, ,SIG)

The charge is given in the COMMON or DATA section under the data heading
ELEMENT. Units are NO-DIM.

Spin-dependent total cross sections (See also Polarization).

Definitions: 0ss = (0, - 011)/2 Spin-spin cross section
AO =0, -0y Spin-dependent difference cross section

where 0, = cross section for incident-projectile and target spins parallel
0., = cross section for incident-projectile and target spins anti-parallel

REACTION Coding:

Spin-spin cross section: modifier SS in SF8.
Example:  (..(N,TOT),,SIG,,SS)

Spin-dependent difference cross section: modifier DSP in SF8.
Example:

(..(N,TOT),LON,SI1G, ,DSP) Total spin difference cross section for pure
longitudinal spin states

Units: a code from Dictionary 25 with the dimension B (e.g., MB).
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Data Type

The last subfield of the REACTION code string (SF9) contains a code to indicate whether the
data given are experimental, theoretical, evaluated, etc.

Experimental Data

The default data type is experimental. That is, if the data are experimental this field may be
omitted.

Derived Data

Data that are not derived from the experimental data by the most direct method, but are,
instead, calculated from other data obtained in the analysis of the experimental data, should
be entered using the code DER1V in SF9 (Data type) of the REACT 10N code string.

Only values derived by the experimentalist from his own data should be entered in this way.

If the data from which the value given is derived are entered in an EXFOR subentry, a cross-
reference to that subentry should be entered under the STATUS code DEP, see Status.

At present, the following types of derived data are entered in EXFOR system:

e Resonance integrals derived from resonance parameters or energy-dependent cross
sections.

e Thermal cross sections calculated from resonance parameters.
= Angular distributions calculated from fitting coefficients.

» Cross-section values at one energy (e.g., at 0.0253 eV) or spectrum averages derived from
a smooth fit to measured points.

e Data calculated from the sum or difference of two or more measurements.

e Thick target yields derived from cross sections or cross sections calculated from thick
target yields.

» Data calculated using measurements for an inverse reaction.

= calculated from fission yields.

Evaluated and Theoretical Data

Evaluated and theoretical data are, generally, not included in EXFOR with the current
exception for photonuclear data.

If such data are compiled in EXFOR, the data type EVAL or THEOR must be given.
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Decay Data
(See also Half Lives).

Radioactive decay data are not compiled in the EXFOR format except as additional
information relevant to the measurement of a reaction quantity.

Information-ldentifier Keyword DECAY-DATA.

The following decay data pertinent to the table given in the DATA section, are entered in the
BIB section under DECAY-DATA in coded form:

» decaying nucleus (even if decays from the daughter nucleus are measured)

« half-life (value and unit)

e type of radiation

e energy of radiation in keV,

= abundance of the radiation measured.

These data may be given for more than one decay mode. See EXFOR Chapter 7:
DECAY-DATA for coding rules.

Decay data are entered:
= in order to define an isomeric state, or
e when used as basic parameters for deducing the data given in the DATA section.

Free text explanation is often desirable, for example, a statement on whether the decay data
were obtained from the experiment or quoted from another source. If the data given are taken
from a known source, the reference for it may be coded under the Information-Identifier
Keyword REL-REF (see Reference).

Where unresolved doublets (or multiples) of y-rays were used in the publication, the energies
of all involved y-rays, or at least the lowest and the highest energy, should be given, separated
by a slash. Thus, two energy values given can mean a doublet or the borders of the energy
range containing all (unresolved) y-rays that were used for the analysis.

Example: DECAY-DATA (Z-S-A-X,3.1HR,DG,876./892.,0.80)

where 0.80 is the total abundance of the two y-rays at 876 and 892 keV, or of all y-rays
lying between the limits 876 and 892 keV. For y-transitions, the photon abundance
should be included, if given by the authors.

Only the values used by the author to obtain the data should be entered in coded form.
Values assumed by the compiler may be entered in free text only.

Information-ldentifier Keyword DECAY-MON

Decay data assumed or measured by the author for a reaction used in the experiment as a
standard (or monitor) are entered under the information-identifier keyword DECAY-MON.
See EXFOR Exchange Formats Manual Chapter 7. DECAY-MON, for coding rules. (See
Standards for example).
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Decay Data (continued)

Decay Data for Variable Product Nuclei

In the case of variable product nuclei, where the reaction product is defined in the COMMON
or DATA section using the data-heading keywords ELEMENT and MASS, the decay data
information is coded as strings of information under the keyword DECAY-DATA and may be
linked to the reaction product using the data-heading keyword DECAY-FLAG. In particular,
when decay data are given for parent or daughter nuclides of the specified product, the data
should be linked in this way. (See EXFOR Chapter 6: Variable Nucleus). (See also Flags).

More than one string of decay data information for a specific product may be entered by
repeating the decay flag for each string.

Example:

IDECAY-DATA  [((1.)54-XE-125-G,16,8HR,..)

| |((2.)54-XE-127-M,69.SEC,..) |
((2.)54-XE-127-G,36.4D,..)

| 1((3.)55-CS-127,6.25HR,..) |

ENDBIB

INOCOMMON | | | | |
DATA | | | | |
ELEMENT MASS ISOMER DECAY-FLAG  DATA

INO-DIM INO-DIM INO-DIM INO-DIM IPC/FIS |
54. 125. 0. 1. .

54. 127. o. 2. . |
55. 127, | 3 o |
[ENDDATA B k B | |

Decay Data Errors

Numerical values for the errors in the decay data given may be entered in the COMMON or
DATA sections using the data headings:

ERR-HL error in half-life given in DECAY-DATA
ERR-EDD error in energy given in DECAY-DATA
ERR-1DD error in abundance given in DECAY-DATA
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Delayed Fission Neutrons

Theory

In certain cases, a fission-product nucleus may decay by [3 decay to excited levels in the
daughter nucleus which lie above the neutron binding energy. In this case, a delayed neutron
may be emitted whose measured half-life is equal to that of the preceding 3 emitter (delayed
neutron precursor). These half-lives are of the order of 0.1 to 60 sec, which is large
compared to the period of prompt neutron emission (<<4x10™ sec, see Fission Yield)

Schematic representation of delayed-neutron emission.
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~
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where By, = neutron binding energy of the nucleus Z+1,A

Delayed-neutron groups

Delayed-neutron emission is sometimes represented by delayed-neutron groups (usually 6),
distinguished by their half-lives. Each group is associated with, perhaps, several different
precursor nuclides with similar half-life values (e.g., 55 sec, 22 sec, 6 sec, 2 sec, 0.5 sec and
0.2 sec).

For further detail see Amiel [1], Keepin [2], and Hyde [3].

Definitions and codes of quantities for data to be compiled in the EXFOR System

1. Total average delayed fission neutron yield (V)

REACTION Coding: NU in SF6 (parameter) and DL in SF5 (Branch)

a. Absolute delayed neutron yield
Units: a code from Dictionary 25 with dimension FY (e.g., PRT/FIS)?
Example: (..(N,F),DL,NU)

b. Delayed neutron fraction (¥, /v): coded as a ratio with the units NO-DIM:
Example: ((..(N,F),DL,NU)/(..(N,F), ,NU))

! Older entries may have used the units NO-D IM.
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Delayed Fission Neutrons (continued)

2.

Partial delayed fission neutron yields

a. Delayed neutron Groups: coded using the average half-life of the group (HL), the decay
constant (DCNST), or the group number (GRP-NUM)? as an independent variable.

« Relative abundance (or relative group yield): coded as the ratio. (The values for the six
groups sum up to 1).

REACTION Coding: ((..(N,F),DL/GRP,NU)/(..(N,F),DL,NU))
Units: NO-DIM
e Absolute group yield:

REACTION Coding: (..(N,F),DL/GRP,NU)
Units: a code from Dictionary 25 with dimension FY (e.g., PRT/FIS).

b. Yield of delayed fission neutrons associated with an individual precursor: Coded with
the precursor nucleus as an independent variable given under the data headings ELEMENT
and MASS, usually with units PC/F1S, as above. (See EXFOR Exchange Formats Manual
Chapter 6).

Delayed-Neutron Energy Spectrum for a Given Neutron Group

REACTION Coding: (.(N,F),DL/GRP,DE,N)

Data are coded using the average half-life of the neutron group and the delayed neutron
energy or energy range as independent variables.

The data may be given:
a. in neutrons/fission - the data unit PRT/F1S is used.

b. as a relative measurement - the quantity modifier REL and data units ARB-UNITS are
used.

For the preceding quantities, the nucleus to be entered is the target nucleus before the
absorption of the incident particle.

c. delayed neutron fraction: group ratio to total delayed neutron yield — coded as a ratio
with units NO-DIM.

% The group number should only be given if the half-life or decay constant is not given.
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Delayed Fission Neutrons (continued)

4. Delayed-neutron Emission Probability (P, value)

Definition: Neutron yield per (3 decay for a given nucleus. This is a decay quantity of the

fission product nucleus and is independent of the fissioning target nucleus. It is related to

the fission yield by

_ absolute delayed neutron yield

Pn= e
cumulative fission yield

REACTION Coding:

a. ((Z-S-A(0,B-)Z*-S*-A",,PN) forasingle fragment
where: Z-S-A is the fission product nucleus (precursor nucleus before  decay);
Z'-S”-A' is the delayed-neutron emitting fission fragment.

b. (ELEM/MASS(0,B-),,PN) for aseries of fragments
The fission product nucleus is entered as a variable in the data table (see EXFOR
Chapter 6: Variable Nucleus).

Units: a code from Dictionary 25 with dimension PN (e.g., PC/DECAY)

For delayed neutron emission probabilities see for example, Amarel [4], Tomlinson [5],
and Asghar [6].

For spontaneous fission enter the fissioning nucleus and code as a nuclear quantity. See
Fission.

Data not presently compiled in EXFOR

e The energy spectrum of all delayed neutrons together, which is time dependent, due to the
contributions from the different half-life groups.

e The delayed-neutron equilibrium spectrum as found in a steady-state reactor.

There are other delayed-neutron quantities that are not properties of the fissioning nucleus but
decay properties of the fission-product nucleus that is the "precursor™ of the delayed neutron.
Quantities in this category that are presently not coded in EXFOR:

 the energy spectrum of the neutrons emitted by a specific precursor.

References

[1.] S. Amiel, IAEA Panel on Fission-product Nuclear Data, Bologna, 1973, IAEA report
IAEA-169, Vol. Il (1973) p. 33

[2.] G.R. Keepin, Physics of Nuclear Kinetics (Addison-Wesley, 1965) Chapter 4

[3.] E.K. Hyde, The Nuclear Properties of Heavy Elements, Vol. Il (Prentice Hall, 1964)
p. 261 ff.

[4.] 1. Amarel, et.al., J.Inorg.Nuc.Chem., 31, 577 (1969)

[5.] L. Tomlinson, et.al., J.Inorg.Nuc.Chem., 33, 3609 (1971)

[6.] M. Asghar, et.al., Nucl.Phys.A, 247, 359 (1975)
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Dependent Data

Data that are deduced by a trivial operation from other data sets entered into the EXFOR
System should be labeled with the code DEP under the keyword STATUS. Free text under
STATUS and/or ANALYSIS should give information as to how the data were deduced.
Cross-reference to the EXFOR entries from which the data were deduced must be coded as
an eight-digit integer following the code.

Example: STATUS (DEP,10048007)
Examples of data that would be labeled as dependent data:
a. Alpha obtained from the ratio of two independent data sets for fission and capture.

b. Radiation width obtained from a subtraction of two independent data sets of total width
and elastic width.

c. Legendre- or Cosine-coefficients, when the originally measured differential cross sections
are also entered.

d. If the same data are given in two different representations, e.g., cross section and cross
section times square-foot of energy, one of them should have the status code DEP.

The status code DEP should not be used when some data sets are mutually interdependent, as

for example:

e A simultaneous measurement of absorption and capture cross sections, and alpha, where
all three interdependent quantities were derived from a common set of raw data. None of
these should be labeled with the status code DEP.

Compare: Status: Interdependent Data.

Note: Do not confuse the use of the status code DEP with the use of the data type DER1V
(derived data), see Data Type.
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Dependent Variable

The dependent variable is defined under the REACT ION code string. The data is given in the
data table using the data heading DATA, or its derivatives, see below.

Each line in a data table must contain a value for the dependent variable, i.e., at least one field
headed by the data heading DATA, or its derivatives, on each line must contain a value (see
examples, below).

The following derivatives of the heading DATA are used:
DATA-MIN Lower limit
DATA-MAX  Upper limit
DATA-APRX Approximate value
DATA-CM  Quantity given in center-of-mass system (see Center-of-Mass System).

Examples:

1) The following is a legal data table.

DATA

EN DATA DATA-MIN

MEV B B

1.0 2.22

2.0 | 4. |

3.0 3.33

| ENDDATA | | |
2) The following is an illegal data table.

DATA

| EN | DATA | MONIT

| MEV 'B 'B |

1.0 2.22

2.0 | 3. |

3.0 3.33

| ENDDATA | | |

For the coding of uncertainties, see Errors.
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Differential Data
(See also Fitting Coefficients, Angle, Polarization).

Definitions

Reaction plane: The plane defined by the incident beam direction and the outgoing particle
direction. For the following discussions plane A is defined by the incident beam direction
and the outgoing particle a direction

The differential data refer, in general, to one of the following:

« the particle given in the REACTION string SF3,
» for production or fission, the product given in SF4 or in the data table
* the particle defined in the REACTION string SF7.

A particle must be specified in SF7 (particle considered) if:

e there is more than one particle given in SF3,

e the data refers to a different particle or nuclide than those specified above,
e or the data refers to more than one outgoing particle.

The use of the term distributions shall also refer to data measured for an individual point.

Reference System
An indication that the differential cross section, the angle, or the energy is given in center-of-
mass system is given in the data headings; see Center-of-Mass System.

Angular Distributions® (do/dQ)

1. Angular distribution: probability for a particle to be emitted into an area of solid angle dQ
lying at a mean angle of 6 to the incident beam direction in the reaction plane; given as o(0)
=do/dQ. The data are given in units of cross section per unit solid angle (e.g., mb/sr).

REACTION coding: DA in SF6.
Unit type: DA (e.g.,, B/SR)

2. Relative angular distributions

a.) The shape of the angular distribution W(8); the data are dimensionless, and are most
often normalized to W(90°) = 1.

REACTION coding: DA in SF6; modifier REL in SF8.
Units: ARB-UNITS.

b. Ratio to 90°

REACTION coding: DA in SF6; modifier RSD in SF8.
Units: NO-DIM

® Historically the term differential cross section has been used to refer to do/dQ and the term excitation function
to do/dQ at one angle as a function of incident projectile range.
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Differential Data (continued)
c. RatiotoQ°

REACTION coding: DA in SF6; modifier RSO in SF8.
Units: NO-DIM

d. Ratio to average value from 0° - 180°: d—”(a)/l
dQ an

REACTION coding: DA in SF6; modifier RS in SF8.
Units: NO-DIM

e. Ratio to the value at another angle: 99 6/99 0,
dQ dQ

Code as a ratio using the separator //, see Ratios.
The angle for the numerator is coded under ANG-NM; the angle for the denominator is
coded under ANG-DN.

f. Ratios to the integrated cross section:

Code as a ratio with the separator /, see Ratios.

g. Ratio to Rutherford or Mott scattering®

REACTION coding: DA in SF6; modifier RTH (Rutherford) or MOT (Mott) in SF8.
Units: NO-DIM

3. Angular distribution for a correlated pair: Probability that a particle a and a particle b will
be emitted at a mean angle 6, to the incident beam, do/dQ for 6y,:

REACTION coding: DA in SF6; particles in SF7 as a+b (e.g., P+A).
Unit type: DA (e.g., B/SR)

The angle is given under the heading ANG-MN

4. Angular correlation: probability that, if a particle a in emitted at a mean angle of 6, to the
incident beam direction in the reaction plane, particle b will be emitted at a mean angle of 6,
to the incident beam direction in the same plane (coplanar); given as d?c/dQ.dQy. The data
are given in units of cross section per unit solid angle squared (e.g., mb/sr?).

* See Scattering for definitions of Rutherford and Mott scattering.
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Differential Data (continued)

REACTION coding: DA/DA in SF6; particles in SF7 as a/b (e.g., P/D).
Unit type: DA2 (e.g., MB/SR2)

The angles 6, and 6, are coded under the headings ANG1 and ANG2, in the same order as the
particles appear in SF7. If the particles are measured on opposite sides of the beam direction,
the angles will be given as, for example, 30. and -30.

Alternately, the angle of particle b, 8y, may be given with the angle between the two emitted
particles Oy

REACTION coding: DA/DA in SF6; particles in SF7 (e.g., P/P+A).
Unit type: DA2 (e.g., MB/SR2)

The angles are given as ANG1 and ANG-RL.

The angular correlation is often given as an angular correlation function W(6,,6y); the data
are dimensionless.

REACTION coding: DA/DA in SF6; particles in SF7, REL in SF8.
Units: ARB-UNITS.

5. Non-coplanar_angular correlations: The more general situation is for particle a and
particle b not in the same reaction plane. Then 0, is the angle of particle a relative to the
beam direction in plane A, 0y is the angle of particle b relative to the beam direction in plane
B, and a third angle ¢ is defined as the angle between the A and B reaction planes (azimuthal
angle).

REACTION coding: DA/DA in SF6; particles in SF7 as a/b (e.g., N/P) ; NCP in SF8.
Unit type: DA2 (e.g., MB/SR2).

The angles 68, and 6, are coded under the headings ANG1 and ANG2, in the same order as the
particles appear in SF7. The azimuthal angle is coded under the heading ANG-AZ.

The angular correlation function is then given as W(84,6p,0).

REACTION coding: DA/DA in SF6; particles in SF7; NCP/REL in SF8.
Units: ARB-UNITS
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Differential Data (continued)

Secondary Energy Distributions (do/dE’)

1. Energy distribution: probability for a particle to be emitted with a given energy E” or in a
given energy range Emin to Emax; given as o(E’) = do/dE’. The data are given in units of cross
section per unit of secondary energy (e.g., mb/MeV).

REACTION coding: DE in SF6.
Unit type: DE (e.g., B/MEV)

2. Enerqy distribution for a correlated pair: Probability that a particle a and a particle b will
be emitted at a relative energy Eye, usually given as the center-of-mass energy of the relative
motion of the correlated pair:

REACTION coding: DE in SF6; particles in SF7 as a+b (e.g., P+A).
Unit type: DE (e.g., B/MEV)

The energy is given under the data heading E-RL-CM

Secondary Momentum Distributions (da/dp’)

1. Linear momentum distribution: probability for a particle to be emitted with a given
momentum p’; given as a(p’) = do/dp. The data are given in units of cross section per unit of
secondary linear momentum (e.g., mb/MeV/c).

REACTION coding: DP in SF6.
Unit type: DP (e.g., MB/MEV/C)

Example:
... (N, X)......,LP,DP) longitudinal momentum distribution of emitted particles.

The linear momentum is given under the data heading MOM-SEC.
2. Linear momentum distribution for a correlated pair: Probability that a particle a and a
particle b will be emitted at a mean linear momentum pr, or a relative linear momentum pre;.

REACTION coding: DP in SF6; particles in SF7 as a+b (e.g., P+A).
Unit type: DP (e.g., MB/MEV/C)

The linear momentum is given under the heading MOM-SEC-MN or MOM-SEC-RL .

Secondary 4-momentum transfer distributions (do/dt)

Probability for a particle to be emitted with a given 4-momentum transfer squared t; given as
o(t) = do/dt, where 4-momentum transfer squared of the particle is defined by
t = (E-E)? - (P'- p)? for scattering of the particle (E, p) - (E', p").

Note that t is a Lorentz scalar, and t = -4p? sin? (8/2) <0 for elastic scattering and

t = -4EE’sin® (6/2) <0 for relativistic limit.

The data are given in units of cross section per unit of 4-momentum squared (e.g.,
mb/(GeV/c)?).

REACTION coding: DT in SF6.
Unit type: D4 (e.g., MB/GEV2/C2)
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Differential Data (continued)

The 4-momentum transfer squared is given under the data heading —t with the opposite
sign.

Angle/Energy Distributions

1. Angle/energy distribution d°c/dQ/dE’: probability for a particle to be emitted at a given
energy E” and into an area of solid angle Q lying at a mean angle of 8 to the incident beam
direction in the reaction plane; given as o(E’,0) = d?a/dQ/dE’. The data are given in units of
cross section per unit solid angle per unit of energy (e.g., mb/sr/MeV).

REACTION coding: DA/DE in SF6.
Unit type: DAE (e.g., B/SR/MEV)

The energy is given under the data heading E or E-MIN and E-MAX.

2. Angle/energy correlations:
a.) d’c/dQdQdE": probability that, if:

 either a particle a emitted at a mean angle of 0, to the incident beam direction in the
reaction plane and an energy E’, particle b will be emitted at a mean angle of 6, to the
incident beam direction in the same plane (coplanar); given as d*0/dQ.dQ,dEx

REACTION coding: DA/DA/DE in SF6, particles in SF7 as a/b/a (e.g., P/A/P)

The angles 6, and 6, are coded under the headings ANG1 and ANG2 in the same order as
the particles appear in SF7; the energy is coded under the heading E1 or E2 to correlate
the energy with the angle of the same particle.

e or particles a and b will be emitted at mean angles of 8, and 6, to the incident beam
direction in the reaction plane, with a relative energy E, usually given as the center-of-
mass energy of the relative motion of the correlated pair; given as d’c/dQadQudE e
REACTION coding: DA/DA/DE in SF6, particles in SF7 as a/b/a+b (e.g., P/A/P)

The angles 6, and 6, are coded under the headings ANG1 and ANG2 in the same order as
the particles appear in SF7; the energy is coded under the heading E-RL.

The data are given in units of cross section per unit solid angle squared per unit energy
(e.g., mb/sr’/MeV).

Unit type: D3A (e.g., MB/SR2/MEV)

Examples:
BIB g ;
REACTION (..(P,N+P).., ,DA/DA/DE,P/N/P)
DATA | | |
ANG1 - ANG2 E1 - DATA

ADEG . ADEG . MEV . MB/SR2/M
EV
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Differential Data (continued)

For the case where the mean energy is given for a correlated pair:

BIB
REACTION (..., ,DA/DA/DE ,A/T/A+T)

DATA

ANG1 ANG2 E DATA

ADEG ADEG | MEV | MB/SR2/MEV |

b.) d*c/dQ/dE'/dE": probability that, if a particle a in emitted at a mean angle of 0, to the
incident beam direction in the reaction plane and an energy E,, particle b will be emitted
at an energy Ep; given as d*0/dQ./dE./dE,. The data are given in units of cross section
per unit solid angle per unit energy squared (e.g., mb/sr/MeV?).

REACTION coding: DA/DE/DE in SF6, . particles in SF7 as a/b/a (e.g., P/A/P)
Unit type: D3 (e.g., MB/SR/MEV2)

The energies are coded under the data heading E1 and E2 in the same order as the

particles appear in SF7; the angle 6, is coded under ANG1 or ANG2 to correlate with the
energy of the same particle.

c.) d*o/dQ/dQ/dE'/dE": probability that, if a particle a in emitted at a mean angle of 0, to the
incident beam direction in the reaction plane and an energy E,, particle b will be emitted
at a mean angle of 6 to the incident beam direction in the reaction plane and an energy
Ep; given as d*0/dQa/dQu/dE./dE,. The data are given in units of cross section per unit
solid angle per unit energy squared (e.g., mb/sr?/MeV?).

REACTION coding: DA2/DEZ2 in SF6, . particles in SF7 as a/b (e.g., P/A)
Unit type: D4A (e.g., MB/SR2MEV?2)

The angles 6, and 6, are coded under the headings ANG1 and ANG2 in the same order as
the particles appear in SF7; the energies are, similarly, coded under the headings E1 and
E2.

d.) Angle/linear momentum distribution d’c/dQ/dp: probability for a particle to be emitted
with a given momentum p’ and angle 8; given as o(8,p’) = d’c/dQ/dp. The data are
given in units of cross section per unit of solid angle per unit of secondary linear
momentum (e.g., mb/MeV/c).

REACTION coding: DA/DP in SF®6.
Unit type: DAP (e.g., MUB/SRMEVC)

The linear momentum is given under the data heading MOM-SEC.

Treiman-Yang Anqular Distribution

Definition: The angular distribution measured as a function of the angle between two
reaction planes for three-particle final states in the anti-laboratory system (i.e., X is at rest).
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Differential Data (continued)

That is, for the reaction between particles X and Y producing particles a, b, ¢ (see diagram
below), the angle between the planes (X,a,b) and (Y,c). Data are given in the center-of-mass
system.

Xo

Y

For photonuclear reactions in the center-of-mass system, it is the angle between the (X,a) and
(Y,b) or (Y,c) planes, where X is the incident gamma, Y is the target nucleus.

(X.a)

See Shapiro® for more information.

The reaction planes are defined as:
e Plane 1: defined by target (SF1) and residual nucleus (SF4)
e Plane 2: defined by incident projectile (SF2) and particle designator (SF7)

REACTION coding: parameter code DA/TYA in SF6, outgoing particle in SF7.
Example:

REACTION  (2-HE-4(G,N+P)1-H-2,,DA/TYA,P) distribution over Treiman-Yang
angle between (*He,’H) and (y,p)
planes

The data headings ANG-AZ-CM and DATA-CM should be used in the data table.

*|. S. Shapiro et al., Nucl.Phys. 61, 353 (1965)
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Dosimetry Neutron Reaction Data

(See also Standards).

LEXFOR

A list of the "most-needed" neutron reaction data identification follows.

Activation Reactions (for use with neutron threshold detectors)

3-L1-6(N,X)2-HE-4
5-B-10(N,X)2-HE-4
7-N-14(N,P)6-C-14
9-F-19(N,2N)9-F-18
11-NA-23(N,G)11-NA-24
11-NA-23(N,2N)11-NA-22
12-MG-24(N,P)11-NA-24
13-AL-27(N,A)11-NA-24
13-AL-27(N,P)12-MG-27
15-P-31(N,P)14-S1-31
16-S-32(N,P)15-P-32
21-SC-45(N,G)21-SC-46
21-SC-45(N, 2N)21-SC-44
21-SC-45(N, 2N)21-SC-44-M
22-T1-46(N,P)21-SC-46

28-N1-58(N,P)27-C0-58

28-NI1-58(N,2N)28-NI1-57 - 27-CO-57

28-N1-60(N,P)27-C0-60
29-CU-63(N,A)27-C0-60
29-CU-63(N, 2N)29-CU-62
29-CU-63(N,G)29-CU-64
29-CU-65(N, 2N)29-CU-64
30-ZN-64(N,P)29-CU-64
30-ZN-64(N, 2N)30-ZN-63
40-ZR-90(N,P)39-Y-90
40-ZR-90(N, 2N)40-ZR-89

41-NB-93(N, INL)41-NB-93-M

41-NB-93(N,2N)41-NB-92-M

42-MO-98(N,G)42-M0-99 - 43-TC-99-M

45-RH-103(N, INL)45-RH-103-M
47-AG-109(N,G)47-AG-110-M
49-1IN-115(N, INL)49-1IN-115-M
49-1IN-115(N,G)49-1IN-116-M

22-T1-47(N,N+P)21-SC-46
22-T1-47(N,D)21-SC-46
22-T1-47(N,P)21-SC-47
22-T1-47(N,P)21-SC-47

22-T1-48(N,P)21-SC-48
22-T1-48(N,N+P)21-SC-47
25-MN-55(N, 2N)25-MN-54
25-MN-55(N, G)25-MN-56
26-FE-54(N,P)25-MN-54
26-FE-54(N,A)24-CR-51
26-FE-56(N,P)25-MN-56
26-FE-58(N,G)26-FE-59
27-C0-59(N,P)26-FE-59
27-C0-59(N,A)25-MN-56
27-C0-59(N, 2N)27-C0-58
27-C0-59(N,G)27-C0-60

Fission Reactions
90-TH-232(N,F)
92-U-235(N,F)
92-U-238(N,F)

D.16

53-1-127(N,2N)53-1-126

73-TA-181(N,G)73-TA-182
74-W-186(N,G)74-W-187

79-AU-197(N,G)79-AU-198
79-AU-197(N,2N)79-AU-196
79-AU-197(N,3N)79-AU-195
79-AU-197(N, 4N)79-AU-194

80-HG-199(N, INL)80-HG-199-M

90-TH-232(N, 2N)90-TH-231

90-TH-232(N,G)90-TH-233 - 91-PA-233
92-U-238(N,G)92-U-239 - 93-NP-237

93-NP-237(N,F)
94-PU-239(N, F)
95-AM-241(N,F)
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Elements

Naturally occurring elements are, in general, entered with A=0 (e.g., 26-FE-0).
However, for monoisotopic elements, the atomic weight of the naturally occurring isotope is
used. A list of monoisotopic elements follows.

4-BE-9 27-CO-59 59-PR-141

9-F-19 33-AS-75 65-TB-159
11-NA-23 39-Y-89 67-HO-165
13-AL-27 41-NB-93 69-TM-169
15-P-31 45-RH-103 79-AU-197
21-SC-45 53-1-127 83-BI1-209

25-MN-55 55-CS-133 90-TH-232

Nearly monoisotopic elements may be entered with the A (mass number) of their main
isotope only in cases where there is no noticeable influence from trace isotopes on the data
presented, e.g., most total and elastic scattering cross sections. Special care should be taken
with the capture cross section. Partial cross section leading to levels in one of the trace
isotopes should always be coded under that isotope.

Following is a list of nearly monoisotopic elements:

1-H-1 8-0-16
2-HE-4 23-V-51
6-C-12 57-LA-139
7-N-14 73-TA-181

Note: Elements that do not occur naturally must be entered with the isotope number:

43-TC 91-PA
61-PM 93< Z
84<7<89

Super-heavy elements that do not have an element symbol are coded using an * for the
element symbol (e.g., 112-+-276). See Dictionary 8.

Note: The hydrogen isotopes are always coded using the element symbol H, (e.g., 1-H-2,
1-H-3).

See also Target Nucleus.
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Errors
(See also Covariance, Resolution).

Definition: The uncertainty on the mean value of a variable®.

Information-ldentifier keyword ERR-ANALYS

Free text explanation of the error sources and of the numerical uncertainties values is given
under the keyword ERR-ANALYS. In order to link the explanations to the numerical data,
the relevant data headings are given in parentheses, starting in column 12, and are followed
by free text; when only one data error is given, the data heading need not be given (see
EXFOR Exchange Formats Manual Chapter 7: ERR-ANALYS). Free text should contain a
statement of the error type included in the quoted uncertainties, and also those error types that
are not included.

The numerical uncertainty values quoted in the COMMON or DATA section are relevant
only in conjunction with an appropriate entry under ERR-ANALYS, explaining the type of
uncertainty and percentage of contributing uncertainties. Therefore, the compiler should be
careful to define the information given. The following aspects are useful for a precise
definition of the uncertainty:

1. error-type, such as:
« statistical or random uncertainty (uncorrelated)
 systematic uncertainties (may be correlated)
sample related: mass, geometric effects, multiple scattering, self-absorption.
detector related: efficiency, calibration
normalization: monitor cross section, flux determination

2. total error or partial error, for example, the statistical uncertainty, which is most often a
partial along with other uncertainties, may be the total uncertainty if other sources of
uncertainty are negligible.

3. shape of error function, such as:
e Gaussian, symmetric
e triangular, symmetric
e unsymmetric, for example 8.5+0.5/-0.2

4. error measure, such as:
e standard deviation = half-width at half-maximum of Gaussian error distribution
function

= 2/3 probability that the true value is within error bars

» confidence limits: when errors are given as confidence limits various definitions exist,
for example, 95% probability, which corresponds to approximately
two standard deviations.

e errors supposed not to exceed: approx. 100% probability value is within error bars.

5. error correlations: within systematic uncertainties and with other quantities measured in
the same experiment; see also Status: Interdependent Data.

! The terms error and resolution are often misused in the literature. Distinguish between them where possible.
See Resolution.
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Errors (continued)

Energy Uncertainties

Numerical values for the uncertainty in a monochromatic incident-neutron energy or of the
mean energy in an incident-neutron spectrum may be entered in the COMMON or DATA
section using data headings from Dictionary 24 with the family code B, e.g., EN-ERR.
Further information can be given in free text under the information-identifier keyword
ERR—ANALYS.

Data Uncertainties

Information on the uncertainties associated with the data compiled is entered in one of two
ways depending on whether a complete analysis of the uncertainties has been done.

Detailed analysis of the uncertainties has not been done or the compiler does not have
enough information to know if a complete analysis has been done.

The uncertainties should be entered in one of the following ways:

1.in the COMMON or DATA section under the data heading DATA-ERR with an
explanation in free text under ERR-ANALYS. If two or more errors of different types are
given referring to the same data, data headings of the type DATA-ERR1 and DATA-
ERR2 are used. Unsymmetrical errors are identified using the data headings
+DATA—ERR and -DATA—ERR. Statistical uncertainty may be entered as ERR-S; total
systematic or correlated uncertainty may be entered as ERR-SYS.

2. as free text information under ERR-ANALYS.

Detailed and complete analysis of the uncertainties has been done.

The detailed error formats are used:

1. The numerical values for the statistical and systematic uncertainties are entered in the
COMMON or DATA section under the data headings ERR-S and ERR-SYS, as above,
The total uncertainty is entered under ERR-T (total) with the partial systematic
uncertainties entered under ERR—1, ERR—2, etc. (see Dictionary 24). The definition of
the different systematic uncertainties is given under ERR-ANALYS in free text comments
preceded by a code containing the relevant data heading. Constant systematic
uncertainties may, alternately, be entered in free text under ERR-ANALYS.

2. Only uncertainties that are one standard deviation (or the equivalent for systematic
uncertainty) are entered in this format. If the author gives 2- or 3-sigma uncertainties, they
should be converted to 1-sigma uncertainties before entering. Other types of uncertainty
information may be entered in free text.

3. The correlation factor for the systematic uncertainties is coded under ERR-ANALYS
following the data-heading code, if known.

See example, following.
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Errors (continued)

Emphasis should be given to the compilation of detailed information on the uncertainties for
experimental data on neutron cross sections for standards (see Standards) and dosimetry
reactions (see Dosimetry Neutron Reaction Data). When the required error information for
these data is not given in the literature, every effort should be made to obtain it from the
experimentalists.

Error Correlations

Data that have been measured by the same technique have certain systematic error sources in
common and are, therefore, interdependent; their errors are correlated.
Examples:
v for 22U and ?*°U, both measured in the same manganese bath.
Absorption, v, and o all obtained simultaneously in the same experiment

Evaluators must carefully consider error correlations. Therefore, the compiler should attempt
to enter all required information on common error sources and cross-references between
interdependent data sets or subentries. This is particularly worthwhile in the case of private
communications; in other cases, evaluators might rather use published references.

The correlation factors are entered as a second field under the information-identifier keyword
ERR-ANALYS; see example, following page.

Diqitizing Errors

Errors in the digitizing of a data set by a compiler are given under a separate set of heading:
ERR-DIG Errorin digitizing data values
ANG-ERR-D Error in digitizing the angle values.
E-ERR-DIG Error in digitizing the secondary energy values.
EN-ERR-DIG Error in digitizing the incident energy values.

Other Uncertainties: For uncertainty in mean secondary energy, see Secondary Particles.
For uncertainty in mean angle, see Angle. See index for information on other uncertainties.
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Errors (continued)

Example of coding for detailed analysis of uncertainties:

BIB
REACTION
ERR-ANALYS

COVARIANCE

ENDBIB
COMMON
ERR-1
PER-CENT
1.5
ENDCOMMON
DATA
EN
ERR-3
MEV
PER-CENT
3.800

o O
o O

(o))
=

g U
O

)}
o6}

ZPrORARARRRE AR OR
TDWNOWODOWOOO®O

m

ATA
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((29-CU-63(N,A)27-C0-60, ,SI1G)/(92-U-238(N,F), ,SIG))
Uncertainty in neutron energy about 10 keV.

(ERR-T)

(ERR-S)

Sources of Systematic Uncertainties

(ERR-1,1.0) Gamma-ray detection efficiency.

(ERR-2,0.0) Irradiation geometry.

(ERR-3,1.0) Uranium deposit, mass, and isotopic content
(ERR-4,1.0) Correction for the neutron absorption in Cu sample
(ERR-5,0.5) Neutron source characteristics.

Only above diagonal elements of symmetric matrix are given 1in
% on same energy grid as data.

100 17 19 29 23 14 13
100 37 39 45 28 28
100 42 48 29 26
1 100 50 31 30
100 35 30
100 22
100
ERR-5
PER-CENT
1.5
EN-RSL-HW |DATA ERR-T ERR-S ERR-2
ERR-4
MEV NO-DIM PER-CENT PER-CENT PER-CENT
PER-CENT
0.081 2.42 -04 |13 12. 3.3
1.8
0.082 1.84 04 (22 21. 2.6
1.8
0.041 5.142 -04 6.5 4.7 2.0
1.8
0.041 9.769 -04 |5.7 3.8 2.0
1.8
0.042 1.475 -03 (5.6 3.6 2.0
1.8
0.043 2.409 -03 |5.0 2.4 2.0
1.9
0.045 3.912 -03 8.7 7.5 1.7
1.9
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Fission
(See also Fission Yields, Fission-Neutron Spectra, Delayed Fission Neutrons).

Theory: The following definition applies in the low energy region and is based on currently
accepted models.

When a nucleus is excited with sufficient energy such that the electrostatic repulsion will be
greater than the surface forces holding the nucleus together, it may undergo scission. At the
scission stage the nucleus generally divides into two deformed and excited fission fragments
of comparable mass. This process is called Binary Fission.

Much less frequently, the nucleus divides into three fragments, where the size of the third
fragment varies between a ‘scission neutron’ and a fragment similar in size to other two
fragments. This process is called Ternary Fission.

Fission can occur either spontaneously, or by the capture of an incident particle. In
spontaneous fission, the nucleus exists in a deformed state and with a potential energy high
enough to allow tunneling through the potential fission barrier. In the case of capture, a
particle is absorbed forming a highly excited nucleus which then undergoes deformation.

For further detail see Hyde [1] and Feather [2].

Compare: Reaction Mechanisms.

Binary Fission

REACTION Coding: The fission process is coded using the process code F in SF3.

Example: (..(N,F),,SIG) Neutron fission cross section

Special rules apply for the coding of the Reaction Product (see EXFOR Exchange Formats
Manual Chapter 6).

Spontaneous Fission is specified by coding 0 (zero) in reaction SF2 (incident projectile).
Example: (98-CF-252(0,F),,NU) Spontaneous fission for 2°*Cf

Fission Fragments. For quantities related to the bulk of heavy or light fission products, the
codes HF (heavy fragment) and LF (light fragment) are used in reaction SF7 (particle
considered); the code FF is used for quantities that apply to both heavy and light fragments.

Example: (..(N,F), ,AKE,HF) Average kinetic energy of heavy fragments
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Fission (continued)

Fission Asymmetry. In the case of binary fission where the fission nucleus divides with high
probability into two unequal fragments, the ratio of the mean mass of the heavier fission
fragment to that of the light fission fragment is called the fission asymmetry.

See also Fission Yields.
REACTION Coding: ((..(N,F),,AP,HF)/(.(N,F),,AP,LF))

Ternary Fission
REACTION Coding: TER in SF5 (branch).

Example:
(.(N,F),TER,SIG) Ternary fission cross section
(.(N,F),TER,DA,LCP)  Angular distribution of light charged particle in ternary

fission®

Frequently, the ternary fission is further specified by the accompanying light particle, e.g., a-
particle accompanied ternary fission. Such information should be coded by specifying the
light particle in reaction SF4.

Example: (N,F)2-HE-4,TER,SIG) Cross section for a-accompanied ternary fission

The ratio of binary to ternary fission may be coded using the codes BIN and TER in
reaction SF5 (branch) and the code RAT in SF6 (data type).

Example: (..(N,F),BIN/TER,SIG/RAT)

Partial fission cross sections

The fission cross section is a sum cross section, for example:
(n,f) = direct fission? + (n,n'f) + (n,2nf) + ...

the partial fission cross sections are coded under the keyword REACT ION as follows:
(n,n'f) (N,N+F),SEQ,SIG
(n,2nf) (N,2N+F),SEQ,SIG
(n,yf) (N,G+F),SEQ,SIG

References
[1.] E.K.Hyde, The Nuclear Properties of Heavy Elements, VVol. Il (Prentice Hall, 1964).

[2] N. Feather, Ternary Fission, Physics and Chemistry of Fission, Vienna, 1969
(.LA.E.A., 1969) p. 83.

! This is a partial cross section for those ternary fissions accompanied by the light charged particle specified.
% For the coding of a direct fission cross section, a new branch code (e.g., DIR) could be introduced for SF5 as
soon as such a case occurs and is to be coded in EXFOR.
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Fission-Neutron Spectra
(See also Delayed Fission Neutrons).

Theory

Fission-neutron spectrum data are fitted either to a Maxwellian, a Watt, or a Madland-Nix
spectrum or to one of several other defined spectra.?

The Maxwellian spectrum? has the shape:

N(E) :\/Eeé

where E is the energy of the fission neutron
T is the spectrum temperature given in MeV.
Also often given are the average kinetic energy E and the most probable energy E, which are
defined as: 3

m

m

p

2
T.E
273

The Watt spectrum® is based on the assumption that fragments emit neutrons with a
Maxwellian spectrum in the center-of-mass system. The shape of the Watt spectrum is:

E

- . 2
N(E)=e T sinh = /EE
(E) T\/ i

where T is the spectrum temperature given in MeV but deviating from the
temperature defined in the Maxwellian fit;
Es is atheoretical fragment kinetic energy per nucleon.

The average kinetic energy E is definedas: E = E, +%

The Madland-Nix spectrum® has the shape
1
N(E)= E[fn(E’ EHF)+ fn(E' Er )]

where E is the energy of the fission neutron
Enr , ELr are the average kinetic energy per nucleon of the heavy and light
fragments

The numerical value of E should be approximately the same disregarding the spectrum shape
to which the data were fitted.

® The Maxwellian and Watt spectra are considered as only rough approximations; a Double Watt Spectrum is
preferred. The »*Cf spectrum, which is more accurately known, suggests that none of the presently-used fits is
sufficient.

* See Terrell [1].

® See Watt [3].

® See Madland [4]. See this reference for a complete definition of the spectrum.
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Fission-Neutron Spectra (continued)

Fission spectrum average cross sections are defined as:

J’J(E)N(E)\/EdE
g =
IN(E)\/EdE

Data to be compiled in EXFOR

1. Enerqy spectra of fission neutrons

The energy spectrum in the normalized form is given by:
I X(E)E =1
where: E is the fission neutron energy,
X(E) is the spectrum.
REACTION coding: Process code DE in SF6, particle considered code N in SF7.
Units: a code from Dictionary 25 with the dimension 1/E (e.g., 1/KEV)

Data are also often given in arbitrary units, which require the REL modifier in the reaction
code.

Examples:
(.(N,F),PR,DE,N) Energy spectrum of prompt fission neutrons
(.(N,F),DL,DE,N) Energy spectrum of delayed neutrons

(..(N,F),DL/PAR,DE,N) Energy spectrum for a specific delayed-neutron group

Details of the fit and of the spectrum shape assumed should be given under the keyword
ANALYSIS.

2. Average Kinetic energy of fission neutrons

It is also desirable to compile mean-energy values because they are rather independent of the
spectrum shape assumed and frequently needed for measurement analysis (detector response,
etc.).

REACTION coding: Process code AKE in SF6, particle considered code N in SF7.
Units: a code from Dictionary 25 with the dimension E (e.g., KEV)

Example:
(.(N,F),PR,AKE,N) Average Kkinetic energy of prompt neutrons
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Fission-Neutron Spectra (continued)

3. Fission-neutron spectrum averaged cross sections, that is, data for an incident beam
composed of a fission-neutron spectrum.

REACTION coding: modifier FIS in SF8.

It should be evident in the EXFOR entry whether the data were:

e measured directly. The method should be specified under the keyword METHOD. The
kind of spectrum and the nuclide and incident-projectile energy from which the fission-
neutron spectrum is produced should be specified under the keyword INC-SPECT.

» calculated by integrating a measured cross-section curve over an assumed fission-neutron
spectrum. This is specified using the code DERIV in REACTION SF9. An entry should
also be made under ANALYSIS. It is essential to give the assumed spectrum type and its
parameters, as well as how the fit was made (e.g., in a N(E)-versus-E scale or in a N(E)/E-
versus-E*? scale.

See Spectrum Average for specification of incident spectrum.

References

[1.] J. Terrrell, Fission Neutron Spectra and Nuclear Temperature, Phys. Rev. 113, 527
(1959).

[2] A. B. Smith, Fission Neutron Spectra: Perspectives and Suggestions Prompt Fission
Neutron Spectra, Proc. Consultants' Meeting, Vienna, 1971 (1.A.E.A., 1972) p. 3.

[3.] B.E.Watt, Phys. Rev. 87, 1037 (1952).
[4.] D.G. Madland and J. R. Nix, Nucl. Sci. Eng., 81, 213 (1982).
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Fission Yields
(See also Fission).

Theory

The fragments formed at the scission stage by a nucleus undergoing fission are called
primary, initial, or pre-neutron emission fragments.

The primary fragments repel each other, obtain their full kinetic energy (e.g., 90 MeV), emit
prompt neutrons (<4x10™* sec) and gamma rays (<10 sec), are slowed down in the
surrounding medium, and stopped. These fragments are called secondary fragments, post-
neutron-emission fragments, or primary fission products (the emitted y-rays may cause
conversion B's and X-rays).

The secondary fragments undergo (after .01 sec and more) a series of [3-decays forming
secondary products, and end up in stable nuclei. For certain products the emission of
delayed neutrons competes with y de-excitation, both following the 3-decay process. In most
of these stages mass yields and charge dispersions are measured as well as energy
distributions.

The terms fragments and products are not clearly distinguished. Most frequently the border-
line between fragments and products varies, and often the word fragments is used as an
overall term, including all stages of decay.

Fission fragments are often specified only by their mass, including all Z-numbers, so that the
fragment yield remains constant during 3 decay. Fission products are usually specified by Z
and A. A specified fission product is obtained in two ways: either immediately from fission
(primary vyield) or from the decay of another fission product. Thus, the total amount of a
specified fission product varies with time. Very short-lived fission products may,
nevertheless, be most important, because some have extremely high capture cross sections
(10° b). Finally, all decay to stable end products, partially via metastable states. For odd A-
numbers, only one stable end product exists that is significantly formed in fission; for even
A-numbers, one or two exist.

The sum of the yield for all fission products will, in

general, add up to 200%, i.e., 100% for each of the heavy

and light product distributions (see example in figure’).

Since in ternary fission more than two fragments are

formed per fission, the yields for all fragments sum up to a

bit more than 200%.

For further information, see Pappas [1] and Walker [2].

" Takn from R.L. Walsh et al., Physics and Chemistry of Fission, Proceedings of a Symposium, Juelich, 1979
(I.A.E.A., 1980) p.129.
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Fission Yields (continued)

Coding:

1. Absolute Yields. (Fissions and fission fragments are counted independently.)

REACTION coding: The quantity code FY in SF6. The yield type is specified in SF5
(Branch) (see under specific type of yield, following pages).
Units: a code from Dictionary 25 with the dimension FY (e.g., PC/F15S).

2. Relative vields.

REACTION Coding: same as above with modifier REL in SF8
Units: ARB-UNITS

However, emission of light particle in ternary fission does not change the sum of yields in the
binary fission mass range usually measured, and other mass splits in ternary fission are
negligible, therefore, relative yield measurements may be normalized to 200% if the
measurement was made for a sufficient large number of fragments. If this is done, the data
table may include some values that have not been measured but obtained by interpolation;
such values must be labeled by flags.

The fission product considered is coded either in REACTION SF4 or as a variable in the data
table.

Examples for product nuclei coded within the reaction code:
(92-U-235(N,F)54-XE-124, IND,FY) independent yield of the fission
product ***Xe
(92-U-235(N,F)54-XE-133-G,CUM,SIG) cumulative production cross
section for the fission product ***¢Xe
for coding product nuclei as variables
in the DATA tables:
(92-U-235(N,F)ELEM/MASS, IND, FY)independent yield of specified product
nuclei which are given in the DATA
table under the data headings
ELEMENT, MASS, and ISOMER (if
applicable).
(92-U-235(N,F)MASS,CHN,FY) chain yield of several mass numbers given in
the DATA table under the data
heading MASS.

See Reaction Product and EXFOR Exchange Formats Manual Chapter 6: Variable Nucleus
for details.

Yield data to be compiled in EXFOR

1. Primary fission-fragment yield. The primary yield per fission of fission-fragment mass
A before prompt neutron emission. It may also be called pre-neutron-emission fragment-
mass distribution. In all experimental techniques corrections for some prompt neutrons
already emitted cannot be avoided.
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Fission Yields (continued)

REACTION coding: Branch code PRE in SF5.
Example: (....(N,F)ELEM/MASS,PRE,FY)
2. Secondary fission-fragment yield. The secondary yield per fission of fission-fragment

mass A after prompt-neutron emission, but before  decay and delayed-neutron emission. It
may also be called post-neutron-emission fragment-mass distribution.

REACTION coding: Branch code SEC in SF5.
Example: (....(N,F)MASS,SEC,FY)

3. Independent fission-product yield. The direct or independent yield per fission of a
primary fission product specified by Z and A i.e., after prompt neutron emission, but before
B decay and delayed-neutron emission, including only the direct yield and not the yield
obtained from decay of other fission products.

REACTION coding: Branch code IND in SF5.
Example:  (..(N,F)ELEM/MASS, IND,FY)

Sum rule: The secondary yield is equal to the sum, over all Z (for one A) of the independent
yields.

Experimental data for independent yields of the product Z,A include yields from the delayed-
neutron emission of the product Z,A + 1 or from the beta decay of the product Z-1,A, if
separation times are not short against the relevant decay times. Corrections are required and
should be mentioned under the keyword CORRECTION. Fragment-mass yields are not
affected by beta decay but only by delayed-neutron emission.

4. Cumulative fission-product vield: the cumulative yield per fission of a secondary fission
product specified by Z and A, i.e., after prompt-neutron emission, and including the
independent yield plus the yield from decay of other fission products.

REACTION coding: Branch code CUM in SF5.
Example: (..(N,F)ELEM/MASS,CUM, FY)

Sum rule: CUM, FY for the B-decaying product Z-1,A + IND, FY for product Z,A =
CUM, FY for product Z,A, if the products Z-1,A and Z,A+1 are not delayed-
neutron emitters.

The following events may add to the cumulative yield of the fission-product Z,A in its ground
state:

independent yield from fission

B decay from product Z-1,A in ground state

B decay from product Z-1,A in a metastable state

delayed-neutron emission from product Z,A + 1

internal transition from a metastable state of product Z,A
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Fission Yields (continued)

In addition, the product Z,A may be formed from neutron capture in the product Z,A-1; this
product is not included in the "cumulative yield".

The cumulative yield is often given for an isomeric state of a fission-product Z,A; the isomer
is entered in EXFOR as a separate data field, see EXFOR Exchange Formats Manual Chapter
6: Variable Nucleus.

5. Total chain yield. The total chain yield per fission of fission-fragment mass A is the sum
of the cumulative yields of all stable fission products having the same mass A. When only
one stable fission product per mass A exists, the total chain yield for mass A is identical with
the cumulative yield of the stable end product Z,A.

REACTION coding: Branch code CHN in SF5.
Example: (..(N,F)MASS,CHN,FY)

6. Total mass yield The total mass yield per fission of fragment mass A is the sum of the
independent yields of all fission products with the mass A.

REACTION coding: Branch code MAS in SF5.
Example: (..(N,F)MASS,MAS,FY)

7. Eractional yields The distribution of charge Z within a given fragment mass chain A is
called charge dispersion. It can empirically be approximated by a Gaussian distribution with
a most probable charge Z;, (see following).

The fractional independent yield of a fission product (after prompt neutron emission) is given
by:

P(Z) = (cm) 2 exp|- (2 -2,)%/c]

whereas the fractional cumulative yield is given by
_(n_zp)2

7 1 Z+1/2

_ 20°
;P"_a\/ﬁ_[,e dn

The parameters ¢ and o are widths of the distributions related by:

c=2(0? +1/12)

For charge dispersion, fractional yields are defined only as ratios to total chain yield.
For further information, see Wahl [3].

REACTION coding: coded as an explicit ratio, and followed by the keyword RESULT.

In all cases, the data are entered as ratios with values from 0 to 1 and data units NO-D I M.
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Fission Yields (continued)

Examples:

a.) REACTION ((92-U-235(N,F)ELEM/MASS, IND,FY)/
(92-U-235(N,F)MASS, CHN,FY))
RESULT (FRIND)

b.) REACTION ((92-U-235(N,F)ELEM/MASS ,CUM, FY)/
(92-U-235(N,F)MASS, CHN, FY))
RESULT (FRCUM)

8. Most probable charge. The most probable initial charge Z, for a given mass chain.
REACTION Coding: the process code ZP in SF6
Example: (..(N,F)MASS, ,ZP)

Note: The Gaussian width parameter is assumed to be approximately constant for all A
chains, as given by Wahl, et al. Therefore Z, has sometimes been determined from a single
fractional yield measurement. However, there is evidence for a variation of ¢ and ¢ with
mass A, and they may be determined together with Z,. Therefore, the Gaussian width
parameter used should be explained (value or reference).

9. Most Probable Mass. The most probable mass A, is the mean mass for a given element.
REACTION Coding: AP in SF6
Example: (..(N,F)ELEM, ,AP)

10. Charge vields. The charge yield (or elemental yield) is defined as the sum of the
independent yields for all products with a specified Z.

Definition: Charge distribution (primary charge function) is defined as the distribution of
primary charge about Z, as a function of primary mass.

This quantity is deduced, either from other quantities (charge dispersion, mass distribution),
or from instrumental measurements of fragment mass (kinetic energy) and X-rays; both
methods involving uncertain corrections for prompt-neutron emission.

REACTION Coding: Branch code CHG in SF5.
Example: C....(N,F)ELEM, CHG, FY)

11. R-values. An R-value is a ratio of measurement results for 2 different energies or energy
spectra (one of which is considered to be a monitor reaction), each of which is relative to the
same standard reaction.

REACTION Coding: coded as an explicit ratio, followed by an entry under RESULT with
the code RVAL.

Example:

REACTION (((92-U-238(N,F)ELEM/MASS,CUM,FY, ,FIS)/
(92-U-238(N,F)42-M0-99,CUM,FY, ,F1S))//
((92-U-238(N,F)ELEM/MASS,CUM, FY, ,MXW))
(92-U-238(N,F)42-M0O-99,CUM, FY, ,MXW)))

RESULT (RVAL)

F.10 February 2008



LEXFOR

Fission Yields (continued)

Yields of correlated fragment pairs

The Z and A of the correlated pair are entered under the field headings ELEM1, MASS1, and
ELEM2, MASS2.

1. Yields of correlated fragment pairs.
REACTION coding: Process code FY/CRL in SF6.

Example:
BIB
REACTION (..(N,F)ELEM/MASS, IND,FY/CRL)
ENDBIB
COMMON
ELEM1 ELEM2
NO-DIM NO-DIM
56. 42.
ENDCOMMON
DATA
MASS1 MASS2 DATA
NO-DIM NO-DIM PC/FIS
138. 104. .
138. 105.
ENDDATA

2. Kinetic enerqgy of correlated fragment pair.

The total kinetic energy of the fragment pair is given.
REACTION coding: Process code KE/CRL in SF6.

References

[1.] A. C. Pappas, J. Alstad, and E. Hagebo, Mass, Energy, and Charge Distribution in
Fission, Physics and Chemistry of Fission, Symposium, Vienna, 1969 (I.A.E.A.,
1969), p. 669

[2] W. H. Walker, Status of fission product yield data for thermal reactors, Fission-
product Nuclear Data, IAEA Panel, Bologna, 1973, report IAEA-169, Vol. I, (1974) p.
285

[3.] A.C. Wahl, et al., Nuclear Charge Distribution in Low-Energy Fission, Phys. Rev. 126,
1112 (1962)
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Fitting Coefficients

Coefficients obtained from a fit to a differential cross section may be coded into EXFOR by
entering the type of expansion used to fit the data in REACTION SF8 and specifying the
representation used.

The data for a given energy is entered with the coefficient number given under the data
heading NUMBER or NUMBER-CM (compare Center-of-Mass System).

Where the first coefficient (1=0) is either unity or another constant, it need not be coded in the
data table.

Where the first coefficient is identical to the cross section, it should be coded as a separate
subentry. Each subentry should have a cross-reference under STATUS to the other subentry,
using the code COREL.

Example:
STATUS (COREL,10234002) ZEROTH ORDER COEFFICIENT * 4Pl
GIVEN AS ELASTIC SCATTERING CROSS SECTION

Note: If the directly measured differential cross sections are also coded in EXFOR, the
fitting coefficients need not be compiled. If compiled, the coefficients should be marked
as dependent data under STATUS, with a cross-reference to the subentry number of the
cross section from which they were derived.

Expansions to be coded into EXFOR

The following pages contain examples of data to be coded in EXFOR. For a complete list of
the fitting coefficient codes, see Dictionary 236.

1. Cosine Coefficients: coefficients obtained by fitting a differential cross section using an
equation containing a sum in powers of cosine.
REACTION Coding: COS in SF8 plus a code indicating the representation used.

Representations:
DA, ,COS = a (unit type DA, e.g., B/SR) where:

do .
E(E,ﬁ) =a, + Zal(E)cos' 6

=1

DA, ,COS/RS = a (units NO-DIM) where:

do o A
~—(E,0)=— 1+ Y a,(E)cos' 8
dQ( ) e Z (E)
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Fitting Coefficients (continued)

DA, ,COS/RSO = & (units NO-DIM) where:
do do 0
—(E,f)=—-(E,0°)Y a (E)cos' 8
dQ( ) dQ( ); 1(E)

DA, ,COS/RSD = & (units NO-DIM) where:
do do ”
—(E,8) =—(E,90°)Y a,(E)cos' 8
OIQ( ) OIQ( ); (E)

DA, ,CO0S/1K2 = a (units NO DIM) where:
—(E 0)= Za (E)cos' & k =wavenumber

2. Legendre Coefficients

Definition: Coefficients obtained by fitting a differential cross section using an equation
containing a sum of Legendre polynomials.

REACTION Coding: LEG in SF8 plus a code indicating the exact representation used.

Representations:

DA, ,LEG

a (unit type DA, e.g., B/SR) where:

g—g(E,H) =a,+ Zal(E)Pl(cosH)

DA, ,LEG/RS Wi, (units NO-D IM) where:

—(E d)=— 1+ ZW  (E)P, (cos8)

DA, ,LEG/RSL = B, (units NO-D IM) where:

—(E 0)=— 1+ Z(ZI +1)B, P, (cos )

DA, ,LEG/RSO = B, (units NO-DIM) where:

—(E 6) = (E 0° )Za (E)P,(cos8)

DA, ,LEG/RSD = B, (units NO-DIM) where:

do _do o
d—Q(E,H) -d—Q(E,9O )Za,(E)Pl(cosé?)
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Fitting Coefficients (continued)

DA, ,LEG/2L2 = a (unit type DA, e.g., B/SR) where:

3_;—(5,9) :%Z(ZI +1)a, (E)P,(cosd)

DA, ,LEG/LA4P (deleted, never used)

DA, ,LEG/1K2 = a (units NO-DIM) where:

n

j—g(Eﬁ) = % ;a, (E)P(cosd) k = wavenumber

3. Associated Legendre Polynomials of the First Kind

Definition: Coefficients obtained by fitting

» adifferential (with respect to angle) cross section or polarization

 or the product of a differential polarization and a differential cross section

= or the product of a differential polarization and the square of a differential cross section

using an equation containing a sum of associated Legendre polynomials of the first kind (see,
for example, Chapter 8 of Abramowitz [1] for the relationship between Legendre functions).
See also Polarization.

REACTION Coding: AL1 in SF8.

Representations:
FM/DA, ,AL1 = a (unittype DA, e.g., B/SR) where:

P(E.f) Xj—g(E,ﬁ) = Zal (E)P'(cosb)

FM2/DA, ,AL1 = & (unittype DA, e.g., B/SR) where:

1”& g)= RACLIC)

P(E,&) x
( )OIQ
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Fitting Coefficients (continued)

4. Sine-Squared Coefficients

Definition: Coefficients obtained by fitting

» adifferential (with respect to angle) cross section or polarization

» or the product of a differential polarization and a differential cross section

» or the product of a differential polarization and the square of a differential cross section

by an equation containing a sum in powers of sine. (See also Polarization).
REACTION Coding: SN2 in SF8.
Representations:

FM/DA, ,SN2 = & (unit type DA, e.g., B/SR) where:

P(E,H)xg—g(E,H) = ia,(E)sinz' 6

FM2/DA, ,SN2 = a (unit type DA, e.g., B/SR) where:

do?
dQ

P(E,8) x (E,0) = 2a,(E)sin2'H

4. Cosine-Squared Coefficients

Definition: Coefficients obtained by fitting a differential cross section using an equation
containing a sum in powers of cosine.

REACTION Coding: CS2 in SF8.
Representations:

DA, ,CS2 = a (unit type DA, e.g., B/SR) where:

j—g(E,H) =a,+a,sin” @ +a,sin*dcosd +a,sin’ dcos’ 4

Note: The 1% and 2™ terms are equal to the sine? expansion.

Reference:

[1.] M. Abramowitz and I.A. Stegun, Handbook of Mathematical Functions, Dover
Publications, 1970.
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Flags

Flags are used to link information in the BIB section to specific lines in the DATA section.
The flags are given as fixed point numbers (compare, EXFOR Exchange Formats Manual,
page 4.2) and coded in the data table with the units NO-DIM . There are, currently, three
types of flags in use in EXFOR.

Data Heading FLAG: Flags are used to link free-text comments in the BIB section with one
of more lines in the data table

The meaning of the flags is given under the information-identifier keyword FLAG, where the
actual flags are given in parenthesis, each on a separate line, starting in column 12, followed
by a free text comment. (See EXFOR Exchange Formats Manual Chapter 7: FLAG). These
flags are repeated under the data heading FLAG. There may be more than one field with the
heading FLAG (see EXFOR Exchange Formats Manual Chapter 4: Multiple representations
of independent variables).

FLAG should not, in general, be used for entire sub-works or for one-line data tables. An
exception would be where the BIB-information is given in the common subentry (SAN=1)
and for some, but not all, of the following subentries, a flag world be used in a one line data
table. (All flags given in the common subentry must be used in all data subentries.)

The data heading FLAG may not be used in the COMMON section.

Example:
BIB
FLAG (1.) Resonance assignment uncertain
(2.) Spin assignment uncertain
ENDBIB
NOCOMMON
DATA
DATA DATA FLAG
MEV MILLI-EV NO-DIM
756. 0. 1.
876. 1. 2.
ENDDATA

Data Heading DECAY-FLAG: Flags are used to link coded information on decay data in the
BIB section with one or more lines in the data table.

The flags are given under the information-identifier keyword DECAY-DATA DATA or RAD-
DET (see EXFOR Manual Chapter 7: DECAY-DATA and RAD-DET) as the first field of the
coded information, enclosed in parenthesis. These flags are then repeated in the DATA
section under the data heading DECAY-FLAG.

(See also Decay Data).
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Flags (continued)

Example:
BIB
DECAY-DATA | ((1.)60-ND-138,5.04HR,DG,328.,0.65)
((2.)60-ND-141,2.49HR,DG, .....cconrrn )
ENDBIB
DATA
ELEM MASS DATA DECAY-FLAG
NO-DIM NO-DIM PC/FIS NO-DIM
60. 138. . 1.
60. 140. . 2.
ENDDATA

Data Heading LVL-FLAG: Flags are used to link coded information on level properties in
the BIB section with one or more lines in the data table.

The flags are given under the information-identifier keyword LVL-PROP (see EXFOR
Exchange Formats Manual Chapter 7: LEVEL-PROP) as the first field of coded information,
enclosed in parenthesis. These flags are repeated in the DATA section under the data
heading LVL-FLAG

Example:
BIB
LEVEL-PROP |((1.)82-PB-206,E-LVL=0.,SPIN=0.,PARITY=+1.)
((2.)82-PB-206,E-LVL=0.803,SPIN=2. ,PARITY=+1.)
ENDBIB
DATA
E-LVL DATA LVL-FLAG
MEV MB NO-DIM
0. " 1.
0.803 " 2.
ENDDATA
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Free Text
(See also EXFOR Exchange Formats Manual Chapter 3).
Be short and precise!

The language of the free text is English. The free text should be clear enough so that users
who are not familiar with the system, can easily understand it; no abbreviations should be
used that are not self-explanatory, and no codes from dictionaries should be used in the free
text. The text may include any character from the permitted character set; see EXFOR
Exchange Formats Manual, page 1.3.

Some examples:

e Write Nucl.Phys., and not NP

« Write % or percent, and not PC

e Separate a number and its unit by a blank for clarity.

e Element symbols and their A values may be written as, e.g., 235U; the Z value can be
omitted. For natural elements only the symbol should be used, e.g., Fe.

Names of journals or other names should not be translated into English. Write "Yadernaya
Fizika", and not "Nuclear Physics" which applies to another journal.

When writing formulas in free text, the compiler should attempt to use the FORTRAN
conventions when they apply with liberal use of parentheses for clarity.

Free text information should be entered under the keyword to which it pertains. For example,
comments which refer to any of the REACTION subfield codes or which are necessary to
understand a special coding or reaction type, should be given in the free text under
REACT ION rather than under COMMENT.

In general, the contents of the coded information should not be repeated in free text, since the
coded information is either self-explanatory, as in the case of AUTHOR, or the codes are
designed for machine processing. For others, the compiler may indicate, whether the code is
expanded in the free text.

Standard values, parameters and other numerical values should, if suitable be entered in the
DATA or COMMON section, although they maybe also given in free text.

Free text following codes can start right after the closing parenthesis; however, for clarity, it
may be indented. Blank lines should be used with discretion.

Parentheses "( )" can be used in the free text except in column 12 where the opening
parenthesis marks a code. Continuation lines may start in column 12, however, beginning
continuation lines after column 12 is good coding practice, as it eliminates the accidental
coding of a parenthesis in this column.

Free text comments not originating with the author must be clearly labeled, e.g., "(comment

by the compiler)™, and unambiguously separated from authors comments, e.g., by including it
between quotation marks. See also Comment.
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