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ABSTRACT

A Technical Meeting on Fission Product Yields Data: current status and perspectives, was
held from 23 to 26 May 2016, at the IAEA, Vienna. The purpose of the meeting was to
review the current status of Fission Product Yield data, and discuss the pragress i
measurements, theories, evaluation and covariances. The presentations, technical discussions
and recommendations of the meeting are given in detail in this summary report.
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1. Introduction

A Technical Meeting on O606Fission Product-26Yi el ds:
May 2016 at the IAEA Headquarters, Vienwaystria. The purpose of the meeting was to report and

discuss progresm the field of fission yields from thpoint of view of measurements, theory and
systematics, evaluations and validatioSignificant developmentshat have taken plade the past

two decades following the completion of the IAEACGRPn 6 Compi | ati on and eval
yield nucl el896 [1d,sahdrdd Fil1ls9%s% lon Product Yield Dat a
Mi nor Acti ni ded99R2002 [L.2],asuggeVshat tewigdv,of the current status of fission

yield data in conjunction with the emerging data requirements for applications is merited.

The meeting was opened by Arjan Koning, Head of the Nuclear Data Section, who welcomed the
participants and emphasized theportance of their task in defining requirements and priorities for
future programs on fission yielthta. Stepiin Pomp(Uppsala Universityyvas elected Chaersonof

the meeting, and FranlsefHambsch(Joint Research Centieuropean Commissigmwasappointed
rapporteur. Paraskevi Dimitriou (IAEA Scientific Secretary) gave a short introduction of the
motivation and goals of the meetinfhe adopted agenda can be found in Annex 1, while the list of
participants is given in Annex 2. The meeting begath widividual presentations by the participants

(a group photograph and list of links to the presentations are provided in Annexes 3 and 4) followed
by technical discussions and recommendations. A suynisgiven n the following sections.

1.1. Application dr iven needs for fission yields

Fission yields are important both for basic nuclear sciences and applied user fields. In basic sciences,
fission yields ardundamental aspects of the probability of fragment formation and therefore play an
important role in ar understanding of the fission proce3fiey are also directly related to our
understanding of the abundances of chemical elements through cosmological nucleosymitiesis.
applied user fields, they are needed for calculating the accumulation antbigwarfission products

at various stages of the nuclear fuel cycle, in the conventional nuclear reactor facilities as well as in
acceleratodriven systems.

User needs in all areas of the nuclear fuel cycle and acceldraten systems have been exigaky
reviewed in the previous IAEA CRPs [11.2], in order to address the data requirements. Here we
briefly summarize the ost important applications at various stages of the nuclear fuel cyale,
highlight the developments that have taken placédénpast decades (if anigadingto a renewed
interest in fission yield datat low energies ranging from ttmeal to, fast and high (14 Me\énergies

In reactor design and operatidigsion productyields (FPY) are used in critality and reactivity
calculations performedor fuel and reactor core management, for reactor safedyfor determining

the limits of safe operatiom new plants and for materials transport. For various types of reactors,
fission yields should be known as a function of incidegitron energy. For contamination and gas
production, ternary fission yields (tritium, helium) are also needed.

For the reprocessing of spent fuel and the management of nuclear waste, one shotihd Kiszvon
product inventoryprimarily as a source ofadiation (heat production and potential hazard to the
environment and personnekission yields enter the calculations of fission product inventories and
radioactivity (ecay heat

For an accurate evaluation of the fuel and reactor perfornmamoepcalculations are compared with
experimentally determined actual spent fuel composition whesieriigields play a crucial ralé-or

certain methods, fission products are used as burnup monitors and therefore their fission yields are
required with high acaacy for the evaluation of the measurement results.
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For transmutation devicesnvisaged amongst the GRhreactor systems, information about fission
yields for miror actinides are of importance.

In the various uses of fission yields, one should distifghéeween thandependentyield of a fission
product(FP)which is defined as the probability of its formation directly in fission, anduhsulative

yield defined as the probability of its accumulation from fission plus through the decay of its
precursofs) plus and/or minus through delayed neutron emission.

In recent yearthere has been a renewed interegisision yieldsdata for the nuclear fuel cycl&ith

the improved computing power and capabilities, the enhanced predictive power of modelg and th
improvement of the decay data entering the evaluated libraries, it hasHhmmenthat for certain
fission yields(independent and/or cumulativehe required accuracies are not met by the existing
data.Thesenew findings were the subject of the prdaéinns by the participants and the technical
discussions that ensued.

References

[1.1] CRP &ompilation and evaluation of fission yield nuclear data9i® 9 9 6 [ABAS
TECDOG1168, Dec2000

[12] CRP on fAFission Product Yield Dat

a for t he
(19972 002) o, STI/ PUB/ 1286, Apr il 2008.

2. Summaries of presentations of participants

2.1.Dynamical approach for low-energy nuclear fission bythe Langevin
equation and resluts from surrogate reaction, SChiba, Tokyo Institute of
Technology

We treat nuclear fission as a fluctuatidissipation process, and describe fission in termerotilti-
dimensional Langevin equationWe use 3 collective coordinates, the elongation, nfextt
deformation and mass asymmetfe potential energy surface is calculated by the Kréyipenodel

for the macroscopic part, and Strutinsky's prescriptfon the microscopic correction by using the
two-center shell model parametrizationtbé nuclear shape. The transport coefficients are calculated
by a macroscopic method, nametire WernerWheeler methofRef. 3] for the inertial tensor, arithe
wall-andwindow formula for the friction tensorThe calculated mass distributisrior the U mass
regon were shown to reproduce experimental data quiteasetan be seen in Fig.l.

Furthermore, we described the current improvements of our method. Firstly, we have introduced a
linear response theory with localharmonic approximation to calculatee transport coétients in a
microscopic way.In this manner, effects of the shell and pairing interaction to the transport
coefficients are included, armddependence of the results the nuclear temperature can be obtained.
Then, we extended the-ddmensional calculation to a 3+dimensional one in order to obtain the
isotope distribution. For this sake, we introduced the charge asymmetry -défreedom
simultaneously with the mass asymmetry assuming dhdgviation from UCD is relatively slow
compared to charge equilibration and an oscillatory process described by the fluetisgipation
theorem. Sucla modification enables us to derive the dynamical effect of the charge polarization and
elongation at pracission and scission configuratiorihe isotope distributianobtainedwith an
improved treatment of the charge polarization reprodileexperimental or evaluated ispe
distributions more accuratefys shown in Fig. 2.2

We also presentedome of the results frostudies ofsurrogatereactionsat JAEA, wherebyan **0
beamwas usedn **2Th, #'Np, **U and®*“Cm targetsto measureéhe mass distributios of several
actinidesand cducesystematics.
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FIG. 2.2. Isotopedistribution ofthe fission product A = 84yields fromthe present work dyan diamondsare
comparedwith results from JENDL/FR2011 (black circles), JEFRB.1.1 (redsquares), ENDF/B/II (black
triangles) and GEF (greeupside triangles).

2.2.General description of fision observables: The GEF codeK.-H.
Schmidt, CENBG

T h e GEEeRera( déscription of Fissio 0 b s e ymodebcbde El]jédescribes the observables for
spontaneous fission, neutrorduced fission and, moresgerally, for fission of a compound nucleus

! Supported by the Nucle&nergy Agency of th®ECD.
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from any other entrance channel, with given excitation energy and angular momentum. The GEF
model is applicable for a wide range of isotopes f®bm80 toZ = 112 , up to excitation energies of
about 100 MeV Since GEF is based on robust physical ideas it can also give reasonable results for
nuclei that are beyond the range of nuclei for which the parameters have been atijestedculated
fission barriers, fission probabilities, fissifragment mass and nigé distributions, isomeric ratios,

total kinetic energies, and prompéutron and promggamma multiplicities and energy spectra from

the GEF model are generally in good agreement with experimental data and evalGEiravers

also cumulative fissiofragment yields, delayed neutrons and gammasumber of deviations can be
explained by deficiencies of the data. For example, the fragment mass distribfithp@, f) from
ENDF/B-VII shows a sizable contribution of a heavier fissioning system,ilggsdue to a target
contamination of 15 ppm &fPu(n, ).

The GEF model is based on a general approach to nuclear fission that explains a great part of the
complex appearance of fission observables on the basis of fundamental laws of physics ahd gener
properties of microscopic systems and mathematical objects. The topographic theorem is used to
estimate the fissicbarrier heights from theoretical macroscopic sagdiet and groundtate masses

and experimental grourstate masses. Motivated by ttieoretically predicted early localization of
nucleonic wave functions in a neckidshape, the properties of the relevant fragment shells are
extracted. These are used to determine the depths and the widths of the fission valleys corresponding
to the diferent fission channels and to describe the fisfi@gment distributions and deformations at
scission by a statistical approach. A modified composite nuldeakdensity formula is proposdd].

It respects some features in the superfluid regime tlatirmaccordance with new experimental
findings and with theoretical expectations. These are a co#ietaperature behaviour that is
consistent with a considerably increased heat capacity and an increased pairing condensation energy
that is consistent wit the collective enhancement of the level density. The exchange of excitation
energy and nucleons between the nascent fragments on the way from saddle to scission is estimated
according to statistical mechanif$4,5]. As a result, excitation energy andpaired nucleons are
predominantly transferred to the heavy fragment. This description reproduces some rather peculiar
observed features of the promutron multiplicities and of the everd effect in fissioffragmentZ
distributions[6]. In addition, sme conventional descriptions are used for calculatingegudibrium

emission, multichance fission and statistical emission of neutrons and gamma radiation from the
excited fragments.

The approach reveals a high degree of regularity and provides idezabte insight into the physics

of the fission process. Fission observables can be calculated with a precision that complies with the
needs for applications in nuclear technology without specific adjustments to measured data of
individual systemsBecaus GEF is a fast code, it is suited for implementation in a wider network
calculation.The GEF executable runs out of the box with no need for entering any empirical data. This
unique feature is of valuable importance, because the number of systems @k esfepotential
significance for fundamental and applied science will never be possible to be measured. The GEF
model is also suited for examining the consistency of experimental results and for assistance in the
evaluation of nuclear data. GEFY tablédrmlependent and cumulative fission yields are provided as
well as a set of random files in ENBFormat.

Reference

[1] K.-H. Schmidt, B. Jurado, Ch. Amouroux, Gthmitt, Nuclear Data Sheets 131 (2016) 107.
[2] K.-H. Schmidt, B. Jurad&hys. Rev. C 862012) 044322.

[8] K.-H. Schmidt, B. Juradd®hys. Rev. Lett. 104 (2010) 212501.

[4] K.-H. Schmidt, B. Jurad&hys. Rev. C 83 (2011) 014607.

[5] K.-H. Schmidt, B. Jurad&hys.Rev. C 83 (2011) 061601(R).

[6] B.Jurado, KH. SchmidtPhys.G: Nucl Part. Phys. 42 (2015) 055101.

2.3.Comparing Nuclear Fission CodesGEF as standalone code vs
GEF+TALYS, A. Mattera, Uppsala University

Fissionmodel codes for the calculation of fission observables emgential in producing evaluated
nuclear data librarief®r fission yields. They are alsway to assist experimental nuclear physicists in
data analysis and in the interpretation of their results. Assumptions in the models and tuning of
parameters behind the codes provide, in many cases, a good reprodiuekiperimental data. In this

work, we have explored a way of comparing different fission codes in the description of observables
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that can be fit to experimental data, such as isomeric yield raticgandistributiors.

The first step in this work wadone comparing a standalone version of the GEF code [1] with a
combination of GEF andALYS. In the latter approach, the fragments in their excited states (with
mass, and excitation energy distributions obtained from GEF for every fission on aibyesent
basis) were given as input T&\LYS [2] thathandled the dexcitation. From the output dfALYS, it

was then possible to extract measurable quantities (such as -gtatgidomericyield distributions,

but also total” and™(A)) that were comparedith the same quantities extracted from GEF and with
experimental data.

The results of the first comparison, despite proving not conclusive in the case of Isomeric Yield Ratios,
show good consistency between how theedgtation is treated in the two caden the case we
analyzed TU+ny,, 2Pu+n, and®*°Cf(SF)), the"(A) from the two codes agree both in absolute values
and in the shape, even though some structures that were observed in SBEF as a slight
enhancement of neutron emission aroundsid®- were not reproduced iPALYS.

The method we are testing is proposed as a way to compare different codes against each other and
with data in terms of the fission fragment observables right after scission. This is done by decoupling
the deexcitationprocess, which is handled in an independent and consistent fashion using the models
built into TALYS.

The effect on fission observables of different sets of excitation energies calculated using various
assumptions and model s bé ensilgevalubtedeaydas,the foduFPof adagre c an
extended study that is being carried out.

References

[1] Schmidt, kH., et al."General Description of Fission Observables: GEF Model Code." Nuclear
Data Sheets 131 (2016): 1Q21.

[2] AJ.Koning, SHi | aire and M. C.-1D00j vesbcperdi AGALYS
Conference on Nuclear Data for Science and Technology, Ap@lr22007, Nice, France, EDP
Sciences (2008): 21214.

2.4.Fission Yield Activities carried out at CEA-Cadarache, Q Saot, CEA,
DEN-Cadarache

In spite of the huge amount of fission yield data available in the evaluated nuclear data libraries, more
accurate data are still strongly requested for both nuclear energy applications and for our
understanding of the fission praseitself. In addition, the varianoevariance matrices are still
missing, even in the more receexaluaed files. In this context, two main research activities are
carried out at CEACadarache which will be detailed in the present contribution.

The fird one is related to the various campaigns of fission yield measurements, performed at the High
Flux Reactor of the Institut Latleangevin (ILL) in Grenoble (France), in the frame of a collaboration
between CEA (Cadarache and Saclay), LPSC (Grenoble, frandelLL. In the past, the mass
spectrometer LOHENGRIN (available at ILL) was coupled to a high resolution ionization chamber in
order to investigate isobaric and isotopic yields of fission products in the light mass region.
Unfortunately, in the heavy raa region (with nuclear charge higher than 42), such isotopic separation
within a mass line is no longer efficient. Therefore, a new experimental setup, based on gamma
spectroscopyfér the isotopic identificationjvas undertaken [1]. In this way, the hgawass region

could be investigated for various thermal neutron induced reacfiSbn,,f) [2,3], *U(nf) [4],
2Pu(ngf) [4,5], “*Pu(n.f) [3,4] and**Am(2ny,f) [6, 7]. A new procedure for the data analysis has
been developed, allowing us to generate for the first time on Lohengrin, the experimental covariance
matrix [3, 8], which are very useful for the future evaluatid®ssults obtained are very encouragin
considering how uncertainties have been decreased compared to other experiments and evaluated data
respectivelyThe symmetric mass region was also studied*fad(ny,,f) and?*Pu(n,,f) reactions [8,

9]. This region is challenging due tbe low couting rate and also the appearance of contaminant
masses. Surprisingly, after removing the contribution ofcthrgaminant masses, a two component
structure in the fission fragment kinetic energy distribution was observed, sugdbatirige fission

proces could be modalLastly, within our collaboration, a new spectrometer named FIPPS (for
Flssion Product Prompktray), is under development at ILL [10]. FIPPS will consist of an array of

and neutron detectors placed around the target and coupled vidsianF-ragment (FF) filter. A Gas

Filled Magnet (GFM) has been chosen for the FF filter [11]. This new device should allow us to
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investigate prompt fission and neutron characteristics (energy, multiplicity) as a function of the
emitter FF properties (ltul e ar char ge, mass, kinetic energy, sp

The second activity is dedicated to the calculation of the varemaiance matrix associated to the
JEFF.3.1.1 evaluations [12, 13]. Based on several fission models (Brosa, Wahl and Neadjlamd
models), these calculations were performed using the CONRAD code [14], for the most significant
fissioning systems for nuclear energy applications (thermal and fast neutron induced reactions). Then,
these varianceovariance matrices were propaghto determine the uncertainties relative to nuclear
reactor parameters. Examples of decay heat calculations, showing a strong reduction of the
uncertainties when covariarcareaccounedfor, will be presented. This part was done in the frame of

a colldboration between CE£adarache and the University of Bologna (Italy).

References

[1] O. Serot et al., NucData Sheets 119, 320 (2014)

[2] F. Martin et al., NuclData Sheets 119, 328 (2014)

[8] F. Martin, PhD thesis, University of Grenoble, Frarg# 3

[4] A. Bail, PhD thesis, University of Bordeaux |, France, 2009

[5] A. Bail et al., PhysRev. C 84034605 (2011)

[6] C.Amouroux et al., EPJ Web of Conferences 62, 06002 (2013)
[71 C. Amouroux, PhD thesis, University of Paad, 2014

[8] A. Chebboubi, PhD thesis, University of Grenoble, France,.2015
[9] A. Chebboubi et al., EPJ Web of Conferences 111, 08002 (2016)
[10] A. Blanc et al., Nucllnstr. Meth. B 317, 333337 (2013).

[11] A. Chebboubi et al., Nuclnstr. Meth. B 376120-124(2016).

[12] N. Terranova et al., NudData Sheets 123, 225 (2015)

[13] N. Terranova, PhD thesis, University of Bologna, Italy, 2016

[14] P. Archier et al., NucData Sheets 11848 (2014)

2.5. A Bayesian Monte Carlo method for fission yield covariance
information, D. Rochman Paul Scherrer Institut

The existing fission yield (FY) libraries such as JEFE, ENDF/BVII.1 or JENDL-4.0 contain
information of the yields themselves and their uncertainties: for a given fissioning system and for
different incident neutron energies, independent and cumel®l are provided in the form of
nominal values and standard deviations. Such information is enough for a large number of simulations,
but not for proper uncertainty propagation where the correlation matrix between fission yields is also
needed. From thevaluation point of view, full covariance matrices (uncertainties and correlations)
can be provided but requires large efforts and time. From the user point of view, such matrices are
needed as soon as possible and different institated solutions arerahdy under way, leading to a
variety of results. This makes the need of covariance matrices from libraries even stronger, in order to
avoi d unexperienced user 6s solutions, i nevitabl
mistrust in the rests.

To help providing correlation matrices for evaluated FY libraries (while keeping the evaluated FY and
uncertainties), this work proposes a new method to produce correlation matrices for independent and
cumulative fission yields. It is based on a Bagesnethod to combine theoretical fission yields with a

set of reference data (details can be found in Refs.[1,2]). These two sources of information are merged
together using a Monte Carlo processich leads to a scalled Bayesian Monte Carlo update.eTh
starting point of the method is the GEF code [3] and its model parameters (nominal values and
standard deviations). These parameters are sampled and random fission yields are calculated. The
sampled fission yields can be represented by averages, staled#@tions and correlations between

them (together with higher moments of the distributions). Such calculated yields are compared to a
reference sete(g. 70 independent FYs with yields higher than 1% from an evaluated library) and
simplified chi2 valuesare calculated for each set. Based on the chi2, weights can be calculated and
used to update the probability density functions (pdf) of the GEF parameters. Based on these new
parameters, new random fission yields are calculated, together with new we&lghtgprocedure is
repeated until convergence of the pdf of the GEF parameters. Finally, the last iteration is used to
produce random fission yields, averages, standard deviations and FY correlations. The obtained
averages and standard deviations repregentii c o mpr omi seo0 bet ween the th
GEF and the reference yields from the selected library. The final step is to include the calculated
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correlations between the FY in the reference library. This way, the reference library can & &kept
and complemented with a set of FY correlations.

Examples are presented for the independent and cumulative fission yields of four major actinides
important for applications in energy production, nanfély*U, »***Pu. The impact of the updated
fission yields and their covariances is shown for two distinct applications: PWRakdMOX
assemblies with burap up to 40 GWD/tHM and decay heat calculations of a thermal neutron pulse
on***Pu. These results are compared with other existing methodsiftatisg a range of solutions for

FY evaluators.

References

[1] A.J. Koning, European Physical Journal A 51 (2015) 184.

2] ANA Bayesian Monte Carl o method for fitaalsi on yi
accepted for publication in Annals Niicl. Ene., May 2016.

[3] K.-H. Schmidtet al, Nucl. Data Sheets 131 (2016) 107.

2.6.Fission Product Yields and Related Covariance DafaM.T.Pigni, Oak
Ridge National Laboratory

A recent implementation of ENDF/BIL1i ndependent yssion product yie

identiyed inconsistencies in the yssion product
thedecaysubi brary that are not repected in ytesi on pr
decaydatasubi br ar vy, particularly the delayed neutron
product concentrations that are inconsistent wit

large differences with experimental measuents. The evaluation methodology combines a
sequential Bayesian method to guarantee consistency between independent and cumulative yields
along with the physical constraints on the independent yields [1]. To address these issues, a
comprehensive setopud at ed i ndependent yssion product yiel
spectrum neutron nduced yssion for uranium and plutoniuwu
assessment of the updated yssion pr adentt wWiseli dn

product yields were utilized to compare the cal
measured inventories, with particular attention given to the noble gases. Another important outcome of

this work is thepdedelcopmerett dofcoyasiamce data
uncertainty quantiycation. This work wa-¥ll.lmoti vat

library for stableandloni ved yssion product s.
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2.7.Fission yields and decay data, M. Fleming, UKAEA

The FISPACTII capabilities for fission decay ke simulations were summarised with excerpts from

the recent benchmark report for pulsed and finite irradiation ¢hgeEhe new ENDF/BVIII.1(beta)

and JENDL-2015/DDF decay files have been included for new simulations using the same framework.
These natbly include the addition of new beta intensity evaluatitthvag take into account Total

Absorption Gammaay Spectroscopy (TAGSpeasurementdhe modifications have little effect on

the total spectroscopic heat values, but as shown in a presentatiolsohZogni(seeA . Sonzogni 6
summary and Annex)4these have a significant effect on the beta andnauoiirino spectra. Whereas

the new JENDL and ENDF/B decay files show broad agreement in aya@nags and beta energy
(EEM/ELP) values, fission yieldslo not enjoy similar attention and significant differences between

the major evaluated libraries exist for many cooling times in all fissile systems. A more modern

2 Notice: This manuscript has been authored byBditelle, LLC under Contract No. DEC05-000R22725 with the

U.S. Department of Energy. The United States Government retains and the publisher, by accepting the article for
publication, acknowledges dh the United States Government retains a-@éariusive, paielp, irrevocable, workd

wide license to publish or reproduce the published form of this manuscript, or allow others to do so, for United States
Government purposes. The Department of Energy prilvide public access to these results of federally sponsored
research in accordance with the DOE Public Access(Rtgn//energy.gov/downloads/dgeiblic-accesslan)
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evaluation effort, potentially through international collaboration, was proposed in thesgi@est to
harmonise the differences between the various fission yield files.

Afollow-up of , and based on-Carlo @MG Bethpdkd D. Rocbmaat alt a | Mo
[2] was presented, where comparisons between [GHbased and evaluated uncerteis were made.

Some cautionary remarks on uncorrelated Gaussian sampling of input parameters were made,
particularly with highly sensitive parameters such as thiisZibution controllingparameter hbar
omega of chargpolarization oscillationgHOMPOL). A prototyped function for minimisation was

used to evolve the calculated independent yield)¢atiances, which underlined the challenge of
reproducing the discontinuities in evaluated uncertainties. This remains an open challenge for the
BMC method in ission yield uncertainty. A proposal for consistently spliced covariances to
accommodate these lemncertainty nuclides was made. In the discussion, R. Capote suggested that
instead of splicing, the low uncertainty nuclides should be used to shape edrigtaertaintie$
effectively reducing uncertainties through the combination of precision experimental data and the
advanced simulation capabilities of GEF. The implementation ohiied Monte Carlo (UMC)
algorithm was proposed.
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2.8.Fission Yields Relevant to Calalation of Antineutrino Spectra, A.A.
Sonzogni,Brookhaven National Laboratory

Following the fission of an actinide nuclide, more than 800 neutron rich fission products are produced,
which in their decay to the valley of stability produce electron, arttiney neutron and gamma
radiation. Due to several conservation rules, the mean energies from these radiation types are
correlated.

In February 2016, the Daya Bay collaboration published the measurement ofidhettetectors
antineutrino spectrum, as wels the fission ratios from the reacdhat produced this spectrui.

close examination of this spectrum reveals that a) The total number of antineutrinos detected is smaller
than the prediction, b) the measured spectrum is also different from thetipredis it is lower at the

peak, and then larger than the prediction at around 5.5 MeV.

The antineutrino spectrum can be calculated as the weighted sum of the spectra produced by the 4
main fuels U, #%Pu,?*® and*"'Pu) in the reactor, with thesEion raibs as the weighting factors.

For each fuel, the spectrum can be obtained from two methods, the conversion and the summation
method.

The conversion method uses the highly precisetrelespectra measured at ILThis method must
have a good estimate of the effective Zadsnction of the end point energy as an input parameter in
the Fermi funtion for each virtual brancilhe summation method combines fission yield and decay
data.

In a recent publication, we haused the summation method to a) decompose the total spectrum into
the contributions of each fission product, b) derive a systematic of the energy integrated, Inverse Beta
Decay cross section weighted antineutrinectra. Additionally, we haveublished a article [1]

where we describe that after a critical review of the ENB¥BL yields, corrections were introduced

that resulted in a much better agreement with the spectra calculated with the JEFF yields.

We have also shown the effect of isomeratios in the clgulation of decay radiationDue to
differences in angular momentum, the radiation pattern from ground state anddsstatecan be
very different.

In the calculation of reactor antineutrino spectra, the contribution ##unis theleastknown. We
have explored this effect using the GEF code, preliminary results show that contributiorf&%tom
candét | mpr ov etweéeh data ang catcdaticersoweveh this is a very model dependent
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result, and precisely measured yieldsirg®U in the neutron energy range of G3MeV are highly
desirable.

Reference
[1] A.A. Sonzogni, E.A.McCutchan, T. Johnson, P. Dimitriou, Phys. Rev. Lett. 116, 132502
(2016).

2.9.Study on the mass distributionyield and its energy-dependence for n+U
and Pu fission with a semiempirical model, N. Shu, China Nuclear Data
Center

A semiempirical model is developed for calculating the mass distributield and its energy
dependence of n+U and Pu fission. The systpotential energy in the model includee tiquid drop
energy andwo shell corrections, corresponding to the SL, Sl and SlI fission mddiglsi.-chance
fission (n,nf) and (n,2nf) were also consider&tle yield was expressed with a fiGaussiadike
formula with 13 parameters, which were detieied by fitting to experimentalata

The results showed the model could desonb# the mass distribution witbhangingincident energy
and some of the yield energgpendences (E) (Fig. 2.3). The correlation coefficient of the
covariance of the mag#elds and the yield energyependence were also presented (Fig. 2.4).

The chain yield of A=144 (rf#U fission) decreasewith incident neutrorenergy, which could be
explainedby the factthat it was mainly contributed by Sll fission, atidit SIl fission decreases with
incident neutrorenergy. The two waves in theEdiagramnear 6 and 12 MeV reflect the opening of
the (n,nf) and (n,2nf) fissiochancs (Fig. 2.4).

Some decay branchings to daughter isanaee different between the data used in thadisyield
libraries of ENDF/BVII.1 and JEFF3.2. So we calculated tHeanching'sbased upon ENSDF data
andas a next step will check the impact on cumulative fission yields.
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2.10.Energy Dependene of Fission Product Yields of**U, *®U and ***Pu
for Incident Neutron Energies between 0.5 and 15 MeWV. Tornow, Duke
University & Triangle Universities Nuclear Laboratory (TUNL)

Accurate information about the energy dependence of nenttoiced Fission Product Yields (FPYs)

is sparse, primarily due to the lack of suitable menergetic neutron sources. There is a clear need
for appoved data. To address this issue, a collaboration was formed between LANL, LLNL and
TUNL to measure the energy dependence of FPYSfor % and ?*%Pu in the 0.5 to 15 MeV
energy range using the activation technique. The experiments are being pgdoiiNL using a 10

MV Tandem Van de Graaff accelerator to produce rremergetic neutrons via thii(p,n)'Be,
*H(p,ny’He, *H(d,n’He and>H(d,n)'He reactions. The measurements utilize disaion chambers,

each dedicated to one of our three actinid#ojses, with thin (10 100 eg/cnf) reference foils of
similar material as the thick (100400 mg) activation target, which is located at the cdméwreen

the individual halves of the dufifsion chamber. This method allows for the accurate determination
of the numbers of fissions that occurred in the thick target without requiring the knowledge of the
fission cross section and neutron fluenceargdt. After neutron activation/irradiation for a few days,
the thick target is removed from the ddigion chamber angtray counted using HPGe detectors for

a period of 1 to 2 months to determine the yield of various fission products. So far meatsirewen
been performed at incident neutron energies of 0.6, 1.4, 2.4, 3.5, 4.6, 5.5, 7.5, 8.9 and 14.8 MeV.
Results are presented for higield neutrorinduced FPYs at these energies. Special emphasis is given
to **/Nd for which the previously deduced egye dependence was confirmed below 2 MeV and for
which the discrepancies in the 14 MeV energy range were resolved in favor of the83 Nata.
Previous data did not exist for this important isotope between 2 and 14 MeV. Data for 44eldgh
FPYs were reently published by our groyf]. One of our future plans calls for FPY measurements at
thermal energies at the MIT research reactor. Due to the higher neutron flux, thinner reference and
target foils are required than currently used at TUNL.

We have als started to obtain FPY data for phoiaduced fission of**U, 2% and ***Pu using

T UNL 6 s -ememetioHighntensity Gammaay Source (HIS). Preliminary results are reported at
E,=13 MeV. Future measurements will be performed at 8.0 and 10.5 Mebdhtpare to the energy
dependence of neutranduced FPY's at low neutron energies.

Reference
[1] M.E. Gooden et aNuclearDataSheetsl31, 319356 (2016)

2.11.Cumulative yields of Bromine, Krypton, Rubidium and lodine
isotopes from fission of**U, U, **U and ***Pu by neutrons in the energy
range from thermal to 5 MeV, V.M. Piksaikin, Institute of Physics and
Power Engineering

The data base of fission product yields is of great importance in reactor design and operatgn, burn
determination, decay heaalculations and many other related applicatidifee pesent method is

based on the relationship between the cumulative yield CY(A,Z) of fission product (A,Z), the emission
probability of delayed neutrong(PA, Z) , t he t ot al 4amdéhe elgtigedabundancésr on vy
a(A,Z) of delayed neutrons from precursors (A,Z): CY(A,4)-A , Z-a(A2B). Improvements owing

to the IAEA Coordinated Research Project on the Development of a Reference Database-for beta
delayed neutron emissiam obtaininga high quality data base of such precursor characteristics as the
delayed neutron emission probabilitiesaPd their haHives Ty, as well asa macroscopic data base
containing data on t hgE)fooawide rangeof fizssyeeiadei andegprimaryo n  y i e
neutron energy allows to expand the delayed neutron measurement technique for obtaining the fission
product yields for the delayed neutron precursors in fission of heavy nuclei by neutrons. The primary
purpose of the present work was niake measurements of the delayed neutron activities (decay
curves) infission of?%, 2%, **J and®**Pu by neutrons in the energy range from thermal to 5 MeV

and to use this information for obtaining the energy dependeneaafiative yields of bromia®Br,

8Br, #Br, *'Br, krypton®Kr, rubidium®Rb, *Rb and iodiné*, %, **% and'*% isotopes

The expelimental method employed in the measirements is based on a cyclic irradation of the
fissionade samples by neutrons generatd in the T(p,n) and D(d,n)reactionsat the accelerator
target and measurements of the composite decayof the gross neutronadivity. Measurements with
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different irradiation time intervals were foreseen to enhance the contribution of certain delayed
neutron groups in the composite delayed neutron decay curve. In the present experiment the irradiation
time was 180.06 and 300.06 s. The delayed neutronioguntervals were 424.5 and 724.5 s. The
sample delivery time was 150 ms short enough to get information on the relative abundance of delayed
neutrons related to the shortest precursor groups.

In processing of the experimental daeo 12-group models of the time distribution of the delayed
neutron precursors based on the known-lnadks of 17 precursors were used. The first model was
employed to obtain information on the relative abundances of delayed neutrons related to precursors
87Br, ¥Br, 8Br, *'Br, *Kr, *Rb, **Rb and the second one for obtaining the relative abundances of
delayed neutrons related to precursdfis **4, **%, and**9. The group periods were chosen in a way

to properly allocate the appropriate delayedtraguprecursors by placing each of them in a separate
group. The remained groups were composite, comprising of several delayed neutron precursors with
effective periods obtained by an averaging procediihe. analysis of the delayed neutron deay
curveswas carriedut by aniteraive least squareprocedire.

The energy dependences of the cumulative yield8Bsf ®Br, ®Br, *Br, *Kr, *Rb, *Rb*", %,

139 and **° precursors were used fahe estimation of the most probable charggA) in the
appropriate isobarib-decay chains. The obtained results were analyzed in terms of the deviation
g¥y(A’) of the most probable charge the isobaric b-decay chains from the unchanged charge
distribution before prompt neutron emission (nuclear aargarization).

The obtaineccumulative yieldsn the present work dfBr, #Br, 3Br, *'Br, *Kr, **Rb, **Rb,**", 3§,
139, and ' precursors were compared with appropriate data taken from the evaluated nuclear data
libraries ENDF/B, JEFF, JENDLna theevaluation by Wahl.

2.12.Fission Research by Uppsala andRC-IRMM, A. Al -Adili, Uppsala
University

The Uppsala group investigates the fission process through various experimental activities;
independent fission yields and isomeric ratios at the 1GIS@llitfa[1], fission cross sections at the

NFS facility [2] as well as fissiofragment (FF) properties and particle emission at the-lHROV

[3]. The latter aims at measuring FF yields, energies and angles, and obtaining information about the
prompt neutra emission process. Two different techniques (2E ang\3Ere employed using either

a Frischgrid ionization chamber qiRGI RMMés VERDI spectrometer [ 4]

This work discusses results on t&J(n,f) reaction where the FF properties were measured with the
ionization chamber, for Fbetween 0.2 and 5 MeV [5]. The pneutron mass yields, kinetic energies
and angular distributions were determined as a function, ofHese data are important for th& 2
chance fission modeling 6f°U(n,f). A strong FF angular anisotropy was known in earlier literature
and was confirmed in this work. Some new results on the <TKE> in correlation to-rnaasge
dependencies were also discussed.

A second project concerns awired data of the thermal neutron induced fissici'df performed at
the ILL reactor in 1999. The data contains a large backgrétd¢n,f) component due to a small
impurity in the target. Preliminary FY results were shown although they do notagibe with
fissionyield and TKE expectations. Some analysis is still needed to get final distributions right [6].

Finally, large efforts are put into investigating the variations in the prompt fission neutron multiplicity
as a function of fragment massdaE,. The goal is to explore the origin of the extra neutrons that are
emitted at higher excitation energies, i- & determine from which fragment they are emitted. In an
earlier study, we showed that the -2fthod suffers from the need of assuming theutron
multiplicity distribution in order to analyse experimental data. Different assumptions imply significant
effects on the data, especially on the product yields [7]. Therefore, the Uppsala group together with the
JRGIRMM colleagues have initiated series of systematic measurements of the neutron emission
using liquid scintillators in conjunction with the ionization chamber. The prbpfinciple was done

on 2°°Cf(sf) and***U(ny,f). The status of the analysis were discussed, where provisiongketn

were presented along with a preliminary neutron spectrum [6]. Current plans are to farbafl&v

with U to investigate the change in neutron gaath shape. Extensive simulations are being
performed and benchmarked against dedicated neutreasurements, to optimize the needed
shielding to reduce the background neutron contribution. Finally, the VERDI spectrometer will
hopefully provide a mean to independently check the obtained results.
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2.13.Correlations of fission yields with prompt neutron emission, FJ.
Hambsch, EGJRC Dir. G.2 Standardsfor Nuclear Safety and Safeguards

The investigation fothe dynamics of the nuclear fission process has been a standing research topic at
the JRCInstitute for Reference Materials and Measurements ((FRMOM) during the past decades.
Recently several projects have been undertaken of which results have lssgreprat this meeting.

The focus was not only put on fission fragment yields but also on thexditation of fission
fragments through the emission of prompt neutron and garaysa

To this end new detector systems were developed alRR®, e.g. a posgion sensitive ionisation
chamber used in conjunction with the neutron scintillator array SCINIJAThis allows having

neutron detectors outside the plane of fission and neutron emission axis. The setup and analysis
routines have been tested using #montaneous fission reaction &FCf. Presently, we study
fluctuations of fission fragment properties as a function of incident neutron energy in the resolved
resonance region using the SCINTIA array at the GELINA white neutrondiffigght spectrometer

of JRGIRMM. As a preliminary result no strong fluctuations of the prompt neutron number for the
strongest resonances3tiU has been observed so far. All the data have been summed up and the so
called sawtooth shaped mastependent neutron multiplicitg(A), has been generated. In comparison

to literature values a clear difference has been observed, with the new data showing deeper dips in the
3(A) distribution around the doubly magic masses (A ~-138) and at very low masses around A ~

80. Cross checking with what was available from two of the other refergc8ka clearly wider

mass and total kinetic energy (TKE) distribution is obselwethose experiments. This results in
wrong assignments of the respective prompt neutron number. Also for the dependency of the neutron
number on TKEB(TKE), the present results show a steeper slope compared to literature data, again
due to the wider disbutionsfound in literature

The angular distribution of the prompt fission neutron emissiéitif{n,f) has also been compared to
literature data[4, 5]. Here the present data clearly follow closer the Skarsvag [dhtthan the
Vorobyev datd5].

As a second detector system VERDI (VElocity foR Direct mass ldentification), a double velocity
double energy (2Rv) spectrometer became operational. Also here the system was successfully
commissioned witif>’Cf(sf) sources. The result shows that for the-qgutron masses the VERDI
detector is superior in mass resolution compared to our twin Frisch grid ionisation chamber.-For post
neutron mass distributions still issues related to the Schalitiration need to be solved, hopefully
within the coming month Hence, also the difference of those two mass distributions, being the
number of prompt emitted neutrons, is still off compared to other literature data by about 15%. Further
improvements are planned to this detector system in terms of adding a 2nechdultiel plate
detector and improved analysis routines. Finally, VERDI will be the complementary method to assess
neutron multiplicity as a function of mass and total kinetic energy. It is planned to use the
spectrometer at the upcoming Neutron For Sci¢NE&S) at GANIL, France.
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2.14.Measurements and calculations of fission product yields at LANL, F.
Tovesson, Los Alamos National Laboratory (LANL)

New experimentatapabilities to measure fission product yields (FPY) from netitrduced fission

have been developed at LANL. A new instrument, SPIDER, employs t2¢ Btethod to deduce the

mass of fission products and thus enables measurement of thehaasgields.Spontaneous fission

of #*Cf was measured with the instrument as a benchmark, and those results have been published [1].
The SPIDER detector was then commissioned in 2014 at the Los Alamos Neutron Science Center
(LANSCE) which has two different spallatioreutron targets, one at the Lujan Center and one at the
Weapons Neutron Research facility (WNR). The Lujan Center target is moderated andspavide
intense thermalized neutron spectrum. The fission product yields from thermal Aadtroed fission

of 2°U and®**Pu has been measured with SPIDER at the Lujan Center, and preliminary results have
been presented.

A larger detector array for fast neutroduced fission measurements, MegaSPIDER, is currently
under construction and uses the same basic tad®ignd detector components as SPIDER. This
instrument will be used for experiments at thenuoderated neutron spallation target at WNR. The
MegaSPIDER instrument has an array of 16 individual spectrometers and will cover 1% of the full
solid angle arounthe fissioning target. This is sufficient to measure the energy dependence of fission
product yields from 0.5 to 20 MeV.

The energy dependence of FPYs has come under scrutiny by the nuclear data community in recent
years, and a detailed -amalysis of previous experimental data fo#Pu resulted in a updated
evaluation file for this isotope in ENDFH®II in 2011. A semiemgrical model developed by J.
Lestone [2] calculates the FPY for different actinides as a function of incident neutron energy, and
compares well with previous experimental results. The goal of the experimental program with
MegaSPIDER is to provide an indeypkent measurement that can be directly compared to this and
other models.
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2.15.Nuclear Structure & Decay Data Needs for Improvement of FY &
Capabilities at ANL, F. Kondev, Argonne National Laboratory

Needs for nuclear structure and decay data of relevance to fission product (FP) yields determination
were presented. These inde grounestate haHife, absolute gammeay emission probabilities and
excitation energies, halives, branching and isomeric ratios for isomeric states. Examples outlining
the importance of higlyuality evaluated data that are lacking in many gemenadose databases were
presented. A brief description of the CARIBU facility at ANL was also given. It is capable of
providing high purity and intensity beams of FP that can be delivered to variousfdiatert
experimental equipment for further stuslief relevance to FPRY The powerful combination of
Penning Trap measurements with ganmana spectroscopy techniques was also outlined and several
examples from recesstudies at ANL were presented.

2.16.Fission yield studies at IGISOL.: current status and aimirg for
neutron-induced independent fission yields, M. Lantz, Uppsala University

Fission product yields are important observables of the fission process, whose knowledge is of
importance both for fundamental physics, such as nuclear astrophysics [1], anddar energy
applications [2]. With the lon Guide Isotope SeparatorLime (IGISOL) technique, developed at
University of Jyvaskyla since the 1980's, products of nuclear reactions are stopped in a buffer gas and
then extracted and separated by masq.[Bdrlier versions of the facility used gamma spectroscopy

for identification of the nuclides [5]. Later on, the facility was supplemented with the JYFLTRAP
double Penning trap [6,7]. The high resolving power of JYFLTRAP enables individual fission product
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to be separated by mass, making it possible to measure relative independent fission yields. In some
cases it is even possible to resolve Hdgimg isomeric states from the ground state [8], permitting
measurements of isomeric yield ratios.

So far indepedent fission yields from the reactions U(p,f), U(d,f) and Th(p,f), with protons and
deuterons in the energy range-20 MeV, have been studied using the IGISDIFLTRAP facility,

some results are given in-J4] and references therein. Isomeric yield mtiave been measured for
U(p,f) and Th(p,f) but require further studies for more comprehensive comparisons [12,13]. There
have also been measurements performed from the reaction U(n,f) using 50 MeV deutér@nason
neutron source [14,15].

Recently, a autron converter target has been developed utilizing the Be(p,xn) reaction, giving a white
neutron spectrum up to 30 MeV. The prototype was designed with the ambition of being flexible, easy
to install and remove, and provide a high neutron flux on theofiable target. Simulations of the
expected neutron fluxes have been done (& gthe Monte Carlo codes FLUKA [17] and MCNPX

[18]. A characterisation of the neutron field from the Be target was performed at the TSL facility in
Uppsala by means of twdffiérent measurement techniques, tinfeflight measurement and Bonner
sphere spectroscopy [19]. Thereafter further characterisation measurements have been performed with
a prototype converter at IGISOL [20,21]. The first measurements of nentloced fssion yields are
expected during the fall 2016. It is important to note that the converter gives a white neutron spectrum,
but several parameters can be varied, such as incident proton energy, thickness of the Be target, and
the insertion of moderating neatal in betweenin order to vary the energy distribution. It is also
possible to consider thin Li targets, enabling quasnoenergetic neutron fields.

In parallel with the development of the neutron converter, studies of the ion guide efficienbebave
performed through simulations, in order to investigate the fission product counting efficiency in the
reaction chamber. The dependence on mass, charge and energy, as well as the different geometrical
parameters, have been studied [22], confirminggmeassumptions about the ion guide performance

and providing guidance for further development. There are also plans for larger ion guides that will
increase the efficiency, with the intention of learning from the experiences of the CARIBU gas catcher
at Argonne National Laboratory [23].
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2.17. The SOFIA experiment, J. Taieb, CEA-Arpajon

Despite decades of investigationscarate data on indepesmt yields are still scarce. Even for the
most studied reaction, i.e, the thermalutron induced fission of Uraniu@85, uncertainties
associated to the isotopic independent yieldsnaammly of about 30%. This lack of higlesolution
data constitutes an obstacle to the development of precise)ésapirical and theoretical models.

Experimental constraints, in usual experiments, where neutrons impinge on an actinide target prevent
from measuring unambiguously the maaad chargenumbers of all fission fragmentd-ollowing a
pioneeringexperiment based on the use of the reverse kinematics at relativistic eiretiyeegineties

[1], the SOFIA Collaboration has designed and built apegrental setip dedicated to the
simultaneous measurement of isotopic yields, total kinetic energies and total prompt neutron
multiplicities, by fully identifying(in A and Z)both fission fragments in coincidence, for the very first

time.

In a set of tw experiments which took place in 2012 and 2014, we measured all independent yields
from the COULEXinduced fission of three Uranium isotop&8U, U and #?*U. The second
experiment focused on the COULHission of Uraniur236, which is the surrogateaeion of the
neutroninduced fission of*U at 8.2 MeV neutron energy. The high statistics reached in that
experiment allows for a good accuracy, the uncertainty on the element yields being of 0.5% FWHM in
the asymmetric fissigras shown in Fig.2.4Theaccuracy on the isotopic yields ranges from 2 to 5%

as seen in Fig.2.5
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FIG. 2.4Independent elemerdind massyields for the COULEX fission of four Uranium isotopes. Error bars
are included.
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FIG. 2.5Isotopic yields for the fission 67U with error bars.
Reference

[1]  K.-H. Schmidt et al., NucPhys.A 665 (2000) 221.
21



2.18.Fission yields measurements activities in China, S. Liu, China Nuclear
Data Center

In this meeting, somef the fission yield measurement activities tie CNDC in Chinaduring the
1 9 9 wdiespresentedhe contents separated itwo parts, onéncludesfission yields measurement
with radiochemistry andgammaray spectromey method,the other introduce a new approach for
independent yields measurembased offission products particle ideniiationtechnique.

Partl:

In thel 9 9 0 6 performedfission yield measuremenusing gammaray spectrometryWe have
measuredhermal, 3VleV, 5MeV, 8 MeV and 14.8MeV neutroninducel fission of***U, and***U and

havedetermined the cumulative yield$ *°Zr, **Mo, **Ba, *'Nd products For thermal, 3MeV, and
14.8 MeV neutroninducel fission of %%, we have also measured the cumulative yieldS"&r,

8Kr, 88r, and***'**Xe gas productsFor thermal neutroninduced fission of*U, and***Puwe have
alsomeasured the cumulative yields of fertlived product$®Rb, *°Y, 1Mo, ***Tc, 1*¥<Cs **4a.

Part2:

We are currently testinthe E-v method for fission product mass distribution measuresné/g want

to combine thekinetic energy(E) and velocity( of outgoing fission fragments with the goal of
achieving amass resolution better than 1 atomic mass (amitu) for the light fission produst Our
experimendl setupconsists of detector componeffis time-of-flight andenergy measurements aad

flight path vacuum tube. A pair of michannel plates for particle tirgd-flight measuremestwere

used to determine the particle velocity. The golden silicon surface barrier deteeterusedto
measue the energyWe were able to achievad timeof-flight system time resolution of 200ps at
FWHM, and the energy resolution of 44 keV FWHM &5 . 4 8 Me V' U *Wm.rTheifssibne o f
product mass distribution GP°Cf spontaneous fission has been measu@ed preliminary resulffor

the mass resolution wds6 amu at the mass about 110.

3. Technical discussion

3.1.Fission yield measurements

Many new measurementd fission yields have been performed in the period lapsinge the last
IAEA CRP (1991:1996) In particular, the emergence méwmeasurement techniques suchragrse
kinematics gave the field a boost due to the superior mass and kinetic energy reschiteed
compared to traditional techniques. The applecabf this technique isdwever limited to the few
experimental facilities in the worlvhere heavy ion beams are availablerelativistic (e.g. GSI
[3.11]) and Coulomb energig§SANIL [3.12]), respectively To date,only high intense radioactive
beamsup to?*®U can be produced at these faciliti¢herefore the systems that can be studied are
limited. Neverthelessfforts are being made by the international community to extend the GSI
facilities to produce heavier radidive beamssuch as**Pu The incident energy region ilso
limited, e.g. at GSthe excitation energy ixed to the giant dipole region of about 14 MeMich
corresponds to about 8 MeV incidergutronenergy for neutrofinducedfission. At GANIL however,
fission yields can be measured as a function of incident particle ebetgyith inferior massand
chargeresolution B.13].

In regards to rore traditionaimethods of measuring neutrorduced fission yieldghe techniques that
are used have beeimproved in recent yeardeading to better resolution and statistiCkhe
implementation qgfe.g, the digital technique together with sophisticated digital signal processing
routines have led tanore precise and reliable fission yield datdich have revealed several
shortcoming®f the previous measuremergsy, in 2°Cf(SF) and*U(n,f) [3.1.4,3.1.5.
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An example of using smallescale facilities forigsion yield experiments the facility at the Triangle
Universities National Laboratory, whe fission yields of*>**U, %*%Pu actinides are measured at
different incident neutron energiesing dualfission chambes, each dedicated to one of ttheee
actinideisotopes, with thin (10 1 0 Gy/cn€) reference foils of similar material to a tki¢1007 400

mg) activation target. This method allows for the accurate determination of the humbers of fissions
that occurred in the thick target without requiring knowledge of the fissioss section and neutron
fluence on target. This method was udedinvestigate the incident neutron energy dependence of
fission yields[3.16]. Photefission of the same tagts is also investigated.ti@r institutionswith

similar setups and instrumentatiarould repeathe measurements to veritye results.

Detecbr systems able to determine both the energies and the velocities of both fragheesis,
called 2E2v systers, are now undedevelopment at different laboratorigsg. VERDI at JRGRMM
[3.17], SPIDER at LANL[3.18], FALSTAFF at CEA3.19], STEFF inthe UK[3.110]). In the past

a similar instrument at the ILL high flux reactor called C&EBN-TUTTE [3.111] demonstrated the
superior resolution in mass numtatained witha timeof-flight resolution of afew 100 ps andn
energy resolution of legzhan 0.5 %. The problem of théarlier detectorsystem[3.1.11] wasthat it
covered avery limited solid angle, where even the rmnilinearity of the fission fragment emission
due to prompt neutron emissi@mould not be covered adequately azalised prole@ims. The new
designs mentioned above strive therefore for much higher solid angle coverage a8twpftihe full

4 s ol i Bhe results shwn from VERDI and SPIDERe very promising as they significant
improvementwith respect to previous measureits nevertheless$urther effort is required to reach
thegoalsset by the conceptual desighboth instruments.

The LOHENGRIN spectrometer at the ILL high flux reactor in Grenoble, France has been
traditionally used for fission yield measurements. Irentgyears the possibilities of the instrument
have been extended towards covering also the heavy mass fragmeni3radg@g In such a case,
isotopic yields are measured usirgngmaray spectroscopy. Since gemeasurements depemtthe
knowledge of tk decay dataimprovements in the evaluated decay data libraries are strongly
recommendedThese measurements also highlight the intemectionbetween fission yiekl and
decay data sinaene cannoéxpect to improve the former without simultaneouslyrionng the latter
Further extensions are foreseen for LOHENGRIN to cope gvitlving demands for higher quality
and more precisission yield data.

Another technique of measuring independent isotopic fission yields is offered b@I8®L (lon

Guide Isotope Separator Grine) facility at Jyvaskyla Univeity, Finland [3.1.13]. IGISOL is
coupled to a Penning Trap and the high mass resolving power even allows for direct measurements of
isomeric yield ratios by direct ion counting, thus avoiding probleeiated to partial lack of
knowledge of decay data. So far the facility has been used to study-prdtmed fission but
development of neutrefields is currently ongoing [3.1.14].

Apart from the new measurements of fission fragment yields usingthetee c hni ques such
in inverse kinematics6 and the developed Ounstc
there exist in the literature many fission yield data obtained with methods that are now considered to

be dated, such as radiocheat methods, classical mass spectrometry. These data have been used in

the previous evaluations that produced a good part of the fission product yields libraries existing and
being used today. All these 06hihseitteow measugementsadt a n e
models that have become available in recent years. In this respect, it maybe timely to look into the
EXFOR database3[115] and check the completeness with respect to the compilations performed in

the two previous IAEA CRPs on fiss product yield$1.1,1.23.

In summary there is still a lot of work to do to make the new data available for future evaluations, to
further improve the detector systems under developnespecially the 2R2v and those useih

inverse kinematics measunents The results of morelaboratedexperimentsthat will provide

complete data for every single fission event, including fragment masses, fragment charges, ternary
charged particles, number of neutr onsgnfoamatibn 0 r ay s
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for the development and improvement of sound and relthbleretcal models Although in practice it

is not possible to measure fission yields and all the other related observalies foll range of
fission systems and fission productseded in detailed reactor calculatiodse to &perimental
limitations, new and improved experiments are imtpat to pave the way for precise and reliable
fission yield dataif possible as a function of incident particle energy and for as many systems as
possible.
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3.2.Model developments and systematics

Models of fission ields are very impoant for ourunderstanithg of the underlying physics of the
fission process, but alsimr practical applicationdbecause they are used in evaluations to obtain
numerical values where no yields have been measured, or to check and adjust experimentalkedata to
expected distribution of yields.

Several modeldhave beendevelopedworldwide to describe the fission process and its various
observablesDespite the progress made in the development of purely theoretical models for the fission
process, these arelbtiot sufficiently accurate and reliable or easy to use for applied purposes. The
models discussed here are those that are widely used in evaluations of fission yields. They are of
empirical nature, based on equations and parameters derived from sfudietematic trends in
measured fission observables. As such, taybe classified as follows.

3.2.1.Parametric modelsof fission-fragment yields

a) Mass distributions

The mass distribution is formulated as the sum of a number of Gaussian distsjlnetfiwasenting the

Brosa modesf fission The parameters of the models are determined for spéss#icnablesystems.
Systematic trends over several systems or as a function of excitation energy are given in several cases.
In case of mass distributioaster promptneutron emission, the madependent neutron multiplicities

are considered, for example according to the Wahl systematics (see below).

A E mp i-Gaussian lsyst@matics for fissiproduct mass yields by Kataku@21].

A E mp systematiaslby the sum of several Gaussian contributions by ®/28][CYF code.

A Mambdaliparametrization by Gorodisskiy et 8l2[3], PYF code 3.24].

A Phenomenol ogical 3@bdel of Yu. V. Kibkalo |
b) Element distribution for a given mass

For specifying theindependent yield of a givemuclide, the contributions from the different isobars
need to be given. The element distribution for a given mass is well approximated with a Gaussian
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curve plus evemdd saggering in proton number.yBfar the most used parametrization for this
purpose is the Zp model of Wal3.26].

3.2.2.Parametric models ofmassdependent promptneutron multiplicities

The massiependent mean prompéeutron multiplicities are used to derive posutron mass
distributions from pamaetrized preneutron mass distributions. The description ofmpeatron mass
distributions is simpler, because they are symmetric with respect to mass symmetry3.XA2{hhés
given empirical systematics diie sawtooth curve for several systems as action of excitation
energy.

3.2.3.Modeling of the deexcitation process of the fragments after scission

There are several models that treat theexidtation process of the fragments after scission. They
normally require the experimental twdamensional ATKE distribution as an input, which provides
the information on thelistribution of the total excitatioenergy (TXE)over mass In addition, these
models require a prescriptidar how to divide he TXE between the two fragments. Earlier models
only treat thepromptneutron emissignwhereas mre recent models also cover the prog@mnma
emission.

One of the first and most widely usddscriptions of the promyteutron spectrum was introduced by

Watt [3.2.7]. He proposed a closed formula, deduced from a Maxwyedl energy spectrum from one

or two average fragments and the transformation into the frame fi$dlmablesystem with at least

two adjustable parameters: the temperature and
Al amos 328 exteridd fhis approach essentially by the use of a triangular temperature
distribution of the fragments to a foterm closed expression for an average light and an average
heavy fragment. A similar two fragment model was also used by Kornilov et al. i8.2s9].[

In 1989, Madland et al3[2.10] introduced the poiry-point model by considering the emission from
all individual fragments, specified by Z and Bhis model was further developég several groups
with a varied success in reproducitige measured promyieutron spectra for particuléissionable
systems with especially adjusted parameters. Allatsochentionedbove are based on empirical data:
The Watt model and the Los Alamos model are directly fitted to the measured m@Euimon
spectrum, while the poirby-point model is based on the measuredlKE distribution. A
comprehensive account of these models can be fouBd2ag].

Codes that cover only neutron emission:
A FINE (by N. Kornilov) B.212]
Codes that cover both promapeuton and prompgamma emission:
A CGMF code (LANL) B.213]
A FIFRELIN code (CEACadarache)d.214)
A FREYA code (LLNL and LBNL) 8.215]

3.2.4.Description of the complete fission process covering the yields and the properties
of fission fragments, prompt neutrons andorompt gammas.

There are only few models available that treat the whole fission process covering practically all fission
observables.

A Extended Brosa med by M. C. Dujvestijn et al.3.216], incorporated in the TALYS ade
[3.217].

A GEF by K:H. Schmidt ¢al.[3.218] as a standlone version omicorporated in the TALYS
code B.217].

The first one isapplicable to excitation energies rangingm 15 to 200 MeV, while the second one
covers the rargfrom spontaneous fission to thecitation energy of 100 MeV.

The Brosa modelmplemented in the TALYS cod&.R17] is based on a macroscopracroscopic

description of the potential energy surface of fissionablesystem, and identifies three distinct

fission modes leading to thr@essible distinct fission paths and scission points. These distinct modes

lead to distinct mass distribution shapes, one symmetric and two asymmetric ones. The Brosa model
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as incorporated in TALYS has been used extensively for calculating fission frageidstat higher
energies ranging up to 150 MeV relevant to acceledxigen applications.

The GEF model3.218] is an alternative approach that has been extensively tested in low energy
fission. It is based oseveral assumptions f€i) thetopological properties of continuous functions in
multi-dimensional spacd(ii) the sepeability of the influences of fragment shells and macroscopic
properties of the compound nucleus, (iii) the properties of a quantum oscillator coupled to the heat
bath of the other degrees of freedom and (iv) an early freeizeof collective motion to consider
dynamical effects. The main advantage of this approach is that it produces remarkably accurate fission
data for the applied user, without specific adjustmenexferimental data of individual systems. It
therefore has enhanced predictive power and can be used to provide values for fission yields where no
experimental data are availabklar more details se¢.-H . Schmi dt gestion2) fRanthe vy  (
near futwe a coupling of the output of the GEF code and FIFREEIBhvisageds FIFRELIN needs

input datathatso farare taken directlfrom experiments.

3.2.5.1someric fission yields

Many isomers exist among fission products and are important for the calculatioa décay heat

after reactor shutdown. However, measured yields or yield ratios are fairly complete only for thermal
fission of 2*U. Therefore, models are needed to calculate the partitions of independent fission yields
of nuclides among their isomericagts. These models basically use spin distributions of fission
fragments and of nuclear levels as fitting parameters.

The most widely used model for isomeric yield ratios is that develbgedladland and England
[3.219]. However, as it failed to reproduceertain systematic trends derived from some
measurements, a new model was developed within the IAEA CRP [1.1] by Ru@s2&f] [ Starting

from the Madland and England model, Rudstam introduced two distributions with two adjustable
parameters, one dedarig the angular momenta of the fission fragments after neutron evaporation and
the other describing the spin distribution of the nuclear levels. The new formula was tested on all the
available data at that time, which were limitealveverto thermal neutr-induced fission of*>?*U

and fast fission of*®U.

Since the previous IAEA CRP on lesnergy fission product yields [1.1], new measurements of
isomeric ratios of fission products have been performed, the most recent being the measofement
isomeric ratios of°Y, *Nb and**4 for neutroninduced fission of*®Pu by Bail et al 3.221]. These

new data including the nuclear structure information available in the Evaluated Nsitiedure Data

File (ENSDF) B.222] need to beeviewed ad systematically compared against the predictions of the
models of Madland anBingland B.219] and Rudstani3[220] to provideimproved prescriptionfor

the various applications of fission product yield datech as decay heat or an&utrino spectra
cdculations. Furthermore, methods based on direct ion counting exploiting the highresadgng

power of Penning traps are a promising way to systematically study isomeric yield ratios without
gamma spectroscopy.

An attemptto provide a more realistic isgeric ratiowas made by Sonzogni et al in Ref. [3.2.28],
identifyingthe Yrast band population in evernen nuclides following the spontaneous fissiofrif.

The survey revealed about 30 cases in the ENSDF database, yielding an average pop@@Rn of
66%, 41%, 18% and 8% for thérast 2+, 4+, 6+, 8+ and 10+ levels, respectively. This distribution
was used to obtain g.s. ais®meric independeritYs of 697100y, 100102104\, 1281301315, 134G, 149 5

1%pr and*®*#™*Pm. The resultscombined with updated decay data from ENSDF and recent TAGS
measurementiave been shown to hawam important effect on the amteutrino spect

On the other hand, the GEF code also gives a rather good description of the measured isomeric yield
ratios (see section IX.C oRef. [3.2.18). The procedure used to obtain the isomeric ratios differs
substantiallyfrom the descriptions of Madland and England and Ruds@EF assumes that the
angular momentum of the fragments is created by the statistical population ofpsirtglee and
collective states according to the fragment temperature at scission. The madification of this initial
distribution by prompteutron ad El-gamma emission before reaching ¥m@st line is considered to
be weak and is neglected. Once ¥rast line is reached, the angular momentum is carried away by a
cascade of E2 gamma transitions, and a special kind of varrtentof-inertia (VMI) model has
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been developed for modiglg the angulamomenturadependent energy of that line. The population
of the states of interest on thieast line is calculated with a modified shamg-off model, taking into
account the energy difference between ttetes (see sections Ill.I and 11I.J &ef. [3.2.18] for
details).

The new developments in measurements and calculations of isomeric yield ratios clearly meed to
compared and analgd carefully in order tperform reliable evaluatiorfer the applicatnsfields.
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3.3.Fission yield evaluations

At present, all thevaluated librariesisedworldwide, such asIEFF3.3.1, ENDFB VII, JENDL-4.0,
CENDL, BROND, ROSFOND, and TENDL, contain evaluated=PY files. These files include
independent and cumulative fission yields as defined in sectignafhd their uncertaintiesAn
overviewof the content ofome ofthese evaluated libraries is givertle tablsin Appendteslto 4
(only for those librares for which relevant informatiomas provide§l The table contains both neutron
induced and spontaneous fission yield data.

Ternary fission is included inENDF/B, JEFF and JENDLlibraries and is basedentirely on
expermental systematics

Based on the information provided to us by thepert evaluators responsibier assembling the
different FPY libraries, theurrent status of the majewvaluated=PY libraries can be summarized as
follows:

ENDEF/B VII.1 [informationprovided by A. SonzognBNL]:

All of the 132000 yields and their uncertaintiasluded in the ENDF/B VII.1 libraryseeAppendtces

1 and 2of this repor}, date back to the evaluations of England and Rid&.]BThese evaluations
were performed over a period of-18 yearsand incorporated contributions from the IAEA CRP
[1.1]. Details can be found in Refs. [3.3.1] and [1.T]her is only one exceptioto the above
situation, tle caseof neutroninduced fission of**Pu,for whichthefission yields at energies 500 keV,

2 MeV and 14.7 MeMvere reevaluatedn 2010[3.3.2] to address the discrepancies observed between
the experimeral FPY data of ANL [3.3.2] and LLNL [3.3.3.

JEFF-3.1.1[Sec.Noteinformation provided by RMills, NNL, after the meeting]

The latest JEFFission product yield library is JEFBE.1.1[3.34], released in 2009, which is based
upon the UK library UKFY3.6

The UKFY3.6 library includes 19 nuclides which undergo neutron induced fission and 3 nuclides
which undergo spontaneous fission. Thesadehosen as representing greater than 0.1% of fissions
in thermal and fast spectrum reactors with uraniunatopium or thorium useds fuels. The
spontaneous fission nuclides beingsén as those that represemist spontaneous fission in these
fuels inthe 1 to 100 years after removal of the fuel from a reactor.fi§hi®ring systemsand the
ranges of their FPareshown inAppendtces land3 of this report

Thelibrary was generated by anailyg experimental data, using models to fill the gaps, admgshe
resultant independent yields to agree with physical constraints and then generating cumulative yields
using thelatest JEFF decay dafa.3.4]. The uncertaings on the cumulative yield webased upon

the available experimental analysis with additional uncertainty being added for the adjustment away
from the experimental values and the large uncertainties on the independent yields.

The UKFY3.6 experimental measurement database contains 4b88lute measurements of fission
product yields, 1352 relative measurements and Iéfib-of-ratio measurements. The analysis
resulted in 13776 usable absolute measurements that were used to fit the parameters of the five
Gaussian model of the mass disttion, the Wahl £ model[3.25], and the Madland and England
isomeric splitting3.2.19. A completeindependent yield distributiofor eachfissionablesystem was

then generated.

The independent yield adjustment procedure was based upon preservingntter of protons and
neutrons during fission allowing for neutron emission, and the yields for each complementary element
pair. The latest JEFF decay patf&3.4] were then used to calculate the cumulative yields, but
ignoring any decay with a hdife of greater than 1000 years. The uncertainty of cumulative yields for
any nuclide was calculated assuming uncorrelated uncertainties where no experimental data was
available. Where experimental cumulative yields were available in a masstbleaimcertaity was
increased bythe adjustment of the value of the cumulative yietd the data. fien the nearby
cumulative yield uncertainties were calculated by adding the adalitiocertainty of theridependent

yield in quadrature.

This library was distributedn Feb 2005 for testing. Following a review of available data it was
decidal that based onnew information, not available during the evaluatmmall revisions were
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required forthermal neutron fission 6fU for mass chai=137 andof ***Pu for mass chaiA=148

In 2008, it was discovered that tffidU thermal™*'l independent yield in UKFY3.6A was inconsistent
with the cumulative yield and the value wasised.With these corrections, the libramwas issued as
JEFF3.1.1 in January 2009.

The complete process is descdle JEFF report 203.3.4).

Future developmentsA revised libray UKFY3.7 is being developed’he UKFY3.7 experimental
measurement database contains 12908 absolute measurements of fission product yields, 1441 relative
meaurements and 14 7atio-of-ratio measurements. The GEF c¢8£.20]is being used to estimate

all unmeasured yields (except for ternary fission) rather than the previous empirical models, but the
same procedures and adjustment techniques are beingdapiplies also planned to generate
independent yield covariance matrices based upon the experimental data and the evaluated cumulative
yields. This is planned to be issued as JBRFafter testing.

Future JEFF evaluations will probably be based upon imgmnents to the GEF code and using new
maximum likelihood methods with the existing and new yield measurement types to generate the best
possible yields, uncertainties and covariance matrices.

CENDL [informationprovidedby N. Shu, CNDG:

A complete FPY library was released as CENDL/FPY in 1987 containing 10 fission reactions on
23323523 at thermal, fast and high energies, and8/*Pu and®**Th at thermal and fast energies.
The library included 1170 independent FPYs and the samebewuof cumulative FPYs. The
CENDL/FPY was in ENDFs format howeverno publication could be foundf this CENDL/FPY

1987. An attempt to update and improve that library was undertaken after 1994 by Liu Tingjin-and co
workers who also participated in theHA CRP [1.1] The update was completed in 1998, containing
the fissioing systems”>?*y and ?%u at three energigsee Appendices 1 andof this repory.
Although these data were not published, the jorapart of thework wasintroduced inRefs. [3.35,

3.36].

At the moment, the CENDL FPY evaluation program is being updated by Narhhbis coworkers

who so far hee performed the update®r the independent and cumulative yields of*A%U,
n+***Pu and the cumulative yields of the®/ft) fissionduring 19992016.The plan is to complete the
updating and improvement of the CENDL FPY data files by including model calculations of FPYs in
the next 25 years.

Table 3.1 Ongoing updates to the CENDL FPY evaluated files.

Fissioning Actinides Author Ref Date
235U cumnative yield Tingjin Liu et al. (not published) 2006
238U 6 6 Yongmei Xu, Nengchuan Shu etal.  thesis 2016
239Pu 6 6 Xiaosong Chen, Nengchuan Shu et a thesis 2013
233U 06 6 Liu Lile, Nengchuan Shu et al. thesis 2014
235U indpendent yield Nengchuan Shu et al. [3.3.7] 2006
238U 06 6 Nengchuan Shu et al. 2006
239Pu 6 6 Nengchuan Shu et al. 2006

JENDL/FPY-2011[Sec. Note: information confirmed by F. Minato, JAEA, after the meeting]

The latest fission yield data fileleased by the JENDL group is JENDL FP Fission Yields Data File
2011 [3.38] which is compiled with the JENDL FP Decay Data File 2011 (JENDL/FE®D1) to

keep the consistency between the number of nuclides contained in the decay data file and fission
yields file. The data files include 31 neutnmdluced and 9 spontaneous fission yield fi(ese
Appendix 1 for details)Some anomalies observed in the charge distributions of the FYs of thermal
neutroninduced fission 0*U FY for A = 86, 88, 100, 131, we corrected. Specifically, the yields

of ¥Ge, ®As, '%Rb, *'Cd were found to be larger than thosehir neighbours and deviate from an
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inversed parabolic shape. The same deviations are also found in ENDFMata because the
independent fission glds of JENDL/FPER011 are basically taken from ENDFXBI. The problem
of ®Ge arises frona mis-identification ofthe measured data seen Ref. [3.31].

The independent fission yields of above 4 nuclides were corrected th&ngethod reported in
[3.39]. The yields are lowered and seem to be reasonable. Btfisrecorrection, the aggregate
delayed neutron yield (nubar) calculated with JENDL/FFEM1 and FPE2011 was = 0.01863,
while dter this correctiorit is reduced t0 = 0.01694andis close to the experimentalalue of’ =
0.01585+0.0005.

ROSFOND-2010[Sec. Note: information provided by G. Manturov, IPPE, after the meeting]

Independent and cumulative FP¥sthe 2010 release of the Russian Federation library are partly
based on thevaluations of England and Rid&:.3.1] and partly on the evaluations of Mills fEEFF
3.1.1[3.34] as can be seen in Appendix 1. Theahd Aranges are therefore identical to those of
ENDF/B VIl and JEFF 3.1.1 in Appendices 2 and 3, respectively.

Discussion

It is clear fronthe status of the FPY libraries and the contempgdendix1, that all the FPY libraries

are dated, some more so than others. Since the previous IAEA CRP in 1996athéeen a lot of
progressin experimental techniques amew facilities are now beingused tomeasureFPY with
enhanced accura@ndresolution. Tle new data need to be incorporated in the evaluated libraries. At
the same time, decay data that are used in the determination of cumulative fission yields, such as half
lives, branching ratios, isomeric ratios, and kkayed neutron emissiphave been improved and

the decay data libraries have been updated accordingly. Nevertiseless of the widely used FPY
libraries have not been revised to take these developrirgataccountOtherdiscrepanciethat have

been observeih ENDFB/VII and JENDL FPY librariessuch as the unreasonably high values of
FPYsfor certain Ge and As isotopdgve been corrected in the latter library, but not in the former.

Correlations betweedata and covariance matrices hderome more and more important for the
analysis of nuclear reactor benchmark measurements and sensitivity studies. In the previous IAEA
CRP on fission product yields [1.1], correlations between indalifission yield data from the same
experiment and between results from different experiments imneduced in the fission vyield
evaluatims. Methods for constructing covariance matrices of experimental fission yields were
proposed, ad a computer codeas adaptednd used for the simultaneous evaluation of correlated
data In spite of this effort, however, the final FPY evaluhtibrariesdid not include covariances
between the evaluated values.

Sincethen,there have beerenewed efforts to producevariance matrices for the experimental FPYs
(see summary of O. Serot in Sect. 2.). Furthermore, an OECD/NEA Data Bank activity has been
running for the past few years (WP&GG 37) on evaluation methodologies for fission product
yields and uncertainties3[3.10]. Alternative methods of calculating covariances for FPYs are
currently investigated by applyingotal Monte Carlo techniques wittne TENDL and GEFFPY
libraries.

All the currently pursued approaches need to be considered and compared, and nmattiy@En
ENDF-6 formatneeds to be adoptesb that theFPY covariancesare eventually incorporatad the
evaluated librariesThe outcomeof OECD/WPECSG 37shouldthereforebe seriouslyconsidered in
any future coordinated effort to update the fisgpiooduct yields data libraries.

The concern that was voiced by the majority of participants of this meetinthaiadue toa shortfall
of evaluators and lack of fundingpportunities the requiredupdates otthe fission vyield libraries
cannot be handle&t a national levelby the one or two remaining expertdn international
cooperatiorof all the experts around the world would be absolutely necedsavgis suggested that
such an international effort could take the form of an IAEA Coordinated Reslaopbct or
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alternatively,a project like theCollaborative International Evaluated Library Organisa{iGHELO)
[3.3.11].
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3.4.Validation

The validation of evaluated data involves using methods that globally test the data against
experiments, where the experiments and data calculations depend on a minimum of other nuclear data
and mathematical approximations [1.1f.was generallyacknowledged that such global testing
procedures should be systematically applied to the existing evaluated FPY libraries but also to those
that will be developed in the future.

Two such validations are the calculation of delayed neutidy) emission andhe calculation of
decay heat.

The total delayed neutron emission per fission can be calculated for a fissioning nuclide using the
summation method, whereby the total delayed neutron yield is given by the product of the cumulative
yield c(A,Z) and the dalyed neutron branching fractionR, For each fission product (A,Z) summed

over all delayed neutron emitting fission products. It is also possible to calculate delayed neutron
emission as a function of time (decay curves) following a fission pulse or a period of constant fission
rate, by usg independent FPYs and decay data within inventory codes. Several tests were performed
on total delayed neutron yields and decay curwéthin an ongoing IAEA CRP [3.4.1] (see V.
Piksaikird summary) showing thatin the cases of*U, *%Pu, the summatin calculations do not
depend so much on the éata sethat wasusedas on the FPY libraries. In the case8), however,

the total DNyields are rather sensitive both the B, dataand FPYs usedViore work is needed to
analyze these findings teee vinether different FP groups are contributing to the Iditmioning
systems and whether their FPY data are relidbleas also shown thddN data extracted frorthe

decay curve obtained from ENDF/B/I group parametersdo not agree with the systematics
developed for averadwalf-lives T, of DN for nuclides irthe transuranium mass regigmainly due

to inconsistencies in the respective FPY#is testing procedure which is beirgpplied to all
fissionable systems available in the evaluated libraries contiruously showing that there are
discrepancies and inconsistencies among the available FPY libraries that warrant attention
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The calculation of decayelatis similar to that of delayed neutrons, as it is based on summation
calculations. The only extra data required is the total energy of emitted particles per decay for gamma
rays, electron (beta) and heavy particles (alphas and neutrons). This is a t@ryeaseparticularly

since accurate measurements of decay heat[8xsR]. A comprehensive study of the sensitivitly

decay heat calculations to the decay data and FPYs was performed for a wide range of fuel systems
and irradiation times [3.4.3] (sebl. FIl emi ngos summary) . The resu
dependence on both the decay data and FPYs in the different libraries which needs further
investigation especially for total decay heat data it is not rcighether FPY or decay dastae being

validaed as both contrilie, so it wasecommended to analytiee beta and gamma decay heat curves
separately.

In recent years, there has been a renewed interest-neantino spectra for both fundamental physics

(sterile neutrinos, reactor anomaly) and laggpions such as the nénvasive monitoring of reactor
operation (see A. Sonzo g nnti-Gestrinespectrasingythe sumidiiean c al c
methodis very similar to those of DN emission and decay :hat total spectra can be decomposed

into those of the individual FPs weighted by the corresponding FPY. ABDNoemission ant

neutrino spectraresensitive to shottived FPs, however, decay datkso need to beontrolled as in

all the othewalidation techniques.

Since DN emissiomndanti-neutrino spectra are sensitive to g#aame timegroup of FPs, if testenh
parallel they can help confirm errors or inconsistencies in the FPY libraries for the sameigréts.
Both these calculations have also been shown to depend strongly isnritegic ratioge.g. %Y for
DNs, %Y for anti-neutrinos) therefore they can help test the new branching ratios or systematics.

For antineutrino spectra, in particular, the FPYs*8t) need to be studied carefully, to help clarify
the observatins ofan enhancement in the spectdiew measurements 6fU FYs from 15 MeV are
needed to improve the evaluated data, with a focus on theliskdrEPs. B.4.4.

Another very important type of validation is based on using integral benchmarkwddth are
obtained fromwell-defined benhmark measurements @f fissioning system for which all the
parameters (irradiation history, geometry, etc) are -Wmdwn. A collection of benchmarks
appropriate for validation purpasés available athe OECD/NEA Data BansFCOMPOsite[3.4.5.
Different groups are performing validations using different codes and methods for treating
uncertainties. A useful exerciseuld beto comparethe validations performed bihe different groups

using the same iagral benchmarlatabut different codes.

In thesevalidations,a correct asessment of the uncertainties requires the use of covariance data
Depending on whether correlations are considered or not, and how they are treated, the total
uncertainties inhte calculated integral data can be overestimated or underestimated by a significant
factor. Although a lot of progress has been made in developing methods of treating correlations
between uncéainties[3.3.10], there is still a lot of work to do to incaspatethese correlations the
evaluationsand eventually in the ENDE formatted files.

The GEF code is a versatile tool that can provide FPYs and associated data (TKE, neutron
multiplicities etc) for any fissioning system, together with an estimatbeotincertainties including
covariance matrices. Since it is being considered for replacing other parametric modalsulating

FPYs where no experimental data are available in some evaluated libraries, and as it is alsebeing
more and more for s#ing different validation techniques, it waasgreed thata comprehensive
comparison between the GEF code FPY results @ahdhe evaluatedFPY librariesfor all the
fissionablesystems included in the librarieis timely. This could be done through antémnational

effort coordinatedby the IAEA.
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4. Conclusionsand recommendations

The Technical Meeting on OFission Product Yield
26 May 2016, at the IAEA, Vienn&roughttogether an international growb experts in the field of

fission yield measrements, modeadevelopmentevaluationand validation Participantseviewed the

status of FPYs in all thesindividual fields, taking into consideratidhe existing and emerging
requirements for FPY data in applications such as reactor technologies, waste managdment an
safeguards.They unanimously agreed that, although significantprogress has been madeén
measurements, models and validattechniquen the past decag¢hisis not necessarily reflected in
theevaluated F libraries.A list of concluding remarks anmgécommendationfllows:

- To helpestablish the framework for continued futureageration in fission yield evaluations and
for communication with experimentalists, theorists, evaluators and validators, technical meetings
such as the one just completedsld be held on a regulaasis(biennial or triennial).

- Continued experimental efforts need to be supported including new approaches like experiments
in inverse kinematics2E2v measurements in coincidence with promeutron and prompt
gammameasurementgr direct ion countingf FY with Penning trag especiallyfor isomeric
yield ratios

- The results of the experimental efforts are also very important for the development of model codes
as some of the new experimental approaches (invereenkiics) cover a large range of actinides
and measure a complete set of fission.data

- The uncertainties in the experimental measurements need to be well characterized in order to serve
as guidance for model developments and evaluations.

- Experimentalists using the same techniques are encouraged to forge collabarations
Experimentalists are also encourdge perform systematic studies of the same fissioning system
with different measurement techniques to discover and/or quantify systematic uncertainties

- Model development is ongoing with the support frdifferent organiations (e.g. OECD Nuclear
Energy Agency)An example isie GEF codevhichis one of themost promisingapproacheso
generating fission yieldsof isotopes and elements wharneasurementare either difficult or
impossible to performThe community should also keep abreast of developments in the purely
theoretical approaches including the TiDependent HartreEock and Langevin methods.

- Many of the evaluated libraries are rather old ang deckto the beginning of the 1990s,
therefore there is an urgent need to updirith the fission yield libraries and the decay data
libraries and to include covariancespnsistently.

- To be able to provide ujp-date and complete FPY librariecENDF6 formatsneed to be
developed to store new information such as covariances and energy dependeltiesally,
mass and charge yield datath their uncertainties shoulde includel in the evaluated files. It
would also be extremely usefid havetotal kinetic energy and nubéission neutron yieldsas a
function of nass and charge
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- A lack of funding towards fission yield evaluations has been identifespecially athe national
level, leading to a&hortfall in availablenanpower. This coultiave serious consequences for the
timely future releasesf evaluated-PY libraries andthenuclear data libraries at large

- In relationto this the experts also expressed concern about the grbmhsabf expertiseas
experienced evaluators have retiveithout any comransurate replacements dued&velopmerd
and trendse.g, in Europe, with regards touclear energy productioiVith the current policies,
competence and exgise is being lost, and even though national governments dettidgthse
out nuclear energy and shutdown reactonsclear expertise wibtill be needed in the decades to
cometo execute and manage the phase out

- To reduce theisk associated witthe dependence oonly few highly specialized evaluators,
nuclear data evaluation methods shouldstamdardizedo the highest degree possibénd the
evaluation process should tsansparent, thusnsuringooth reproducibility and traceability.

- Dissemination of experimentahd evaluated fission product yield data is anaitig@ortant point
to be taken seriously by dissemination centersstifxj tools like JANIS(OECD/NEA Data
Bank), should be ugraded to facilitate online display and retrieval of FPY dagati¢?pantsalso
expressed the need for improving te&ieval of FPY data frorthe EXFORdatabase

- Validation of evaluated libraries igery important for practical agphtions, and effort should be
made to create an onlirdatabase of open integral benchmarks, delayeutron integral data,
decay heat data, burn up indicators, post irradiation examinasiotieutrino spectra and other
integral data that could or should be used to validate evaluated FPY libraries

- To further enhance progress and developments $sidh yields, a more efficient process of
sharing information is required, such psoviding feedbackirom sensitivity calculations and
validation exercises tihe experimentalisso as to guide theto improve their measurements

An example is the casd walidations using antheutrino spectra: current observations of -anti
neutrino spectra need further clarification which could be provided by additional improved
measurements oiskion yields of*®U in the incident neutron energy range of 1 tdév.

All the above mentioned needs and requirements will not be poskilaeited to the nationally
coordinated efforts, for the reasons alreaaigntioned To solve the problem of shrinking manpower

and find ways of addressing all the suggested improvemamtsiternational efforis required The
expertsacknowledgedhat in the long terman international caperationinitiative like the CIELO
projectwould be extremely beneficial to the maintenance of the evaluated FPY libraries. However, as
a first step awards updating and improving these librarims)AEA Co-ordinated Research Project
(CRP) would be the best solutionThe focusof this CRP could be oncarrying out all the
recommended work on thieur major actinides*{>**U, ****Pu) and™°Cf.
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APPENDIX 1: Contents of evaluated FPY libraries, energies, evaluators and date of evaluation.

JEFF-3.1.1 ENDF/B VII .1 JENDL/FPY-2011
Neutron Induced Fission Yields Neutron Induced Fission Yields Neutron Induced Fission Yields
Nucleus Authors Year Energies Nucleus Authors Year Energies Nucleus Authors Year Energies
BTh R.W.MILLS | Feb2005 | 4E5, 1.4E7 22h T.R. ENGLAND, 1992 2.53E2 22Th J.KATAKURA 2012 | 2.53E2
B.F. RIDER
=y R.W.MILLS | Feb2005 | 2.53E2, 4E5, 22%Th T.R. ENGLAND, 1992 2.53E2 22%Th J.KATAKURA 2012 | 2.53E2
1.4E7 B.F. RIDER
= R.W.MILLS | Feb2005 | 4E5 BT T.R. ENGLAND, 1992 5E5, 1.4E7 Z2Th J.KATAKURA 2012 | 5E5, 1.4E7
B.F. RIDER
=y R.W.MILLS | Oct-2007 | 2.53E2, 4E5, Blpg T.R. ENGLAND, 1992 5E5 Zlpg J.KATAKURA 2012 | 5E5
1.4E7 B.F. RIDER
=y R.W.MILLS | Feb2005 | 4E5 SV T.R. ENGLAND, 1992 2.53E2 ZY J.KATAKURA 2012 | 2.53E2
B.F. RIDER
= R.W.MILLS | Feb2005 | 4E5, 1.4E7 = T.R. ENGLAND, 1992 2.53E2,5E5, |*U J.KATAKURA 2012 | 2.53E2, 5E5,
B.F. RIDER 1.4E7 1.4E7
“Np R.W.MILLS | Feb2005 | 2.53E2, 4E5 = T.R. ENGLAND, 1992 | 5E5, 1.4E7 v J.KATAKURA 2012 | 5E5, 1.4E7
B.F. RIDER
“Np R.W.MILLS | Feb2005 | 2.53E2, 4E5 U T.R. ENGLAND, 1992 | 2.53E2,5E5, |*U J.KATAKURA, F. | 2016 | 2.53E2, 5E5,
B.F. RIDER 1.4E7 MINATO, 1.4E7
K.OHGAMA
=By R.W.MILLS | Feb2005 | 2.53E2, 4E5 =y T.R. ENGLAND, 1992 5E5, 1.4E7 =y J.KATAKURA 2012 | 5E5, 1.4E7
B.F. RIDER
“Pu R.W.MILLS | Apr-2005 | 2.53E2, 4E5 =1y T.R.ENGLAND, 1992 | 5E5 =y J.KATAKURA 2012 | 5E5
B.F. RIDER
2%y R.W.MILLS | Feb2005 | 4E5 =Yy T.R. ENGLAND, 1992 5E5, 1.4E7 =y J.KATAKURA 2012 | 5E5, 1.4E7
B.F. RIDER
Zlpy R.W.MILLS | Feb2005 | 2.53E2, 4E5 ZNp T.R. ENGLAND, 1992 | 2.53E2,5E5, | ®Np J.KATAKURA 2012 | 2.53E2, 5ES5,
B.F. RIDER 1.4E7 1.4E7
Py R.W.MILLS | Feb2005 | 4E5 “ENp T.R. ENGLAND, 1992 | 5E5 “Np J.KATAKURA 2012 | 5E5
B.F. RIDER
2MAm R.W.MILLS | Feb2005 | 2.53E2, 4E5 By T.R. ENGLAND, 1992 5E5 By J.KATAKURA 2012 | 5E5
B.F. RIDER
22MAm R.W.MILLS | Feb2005 | 2.53E2, 4E5 By T.R. ENGLAND, 1992 2.53E2 By J.KATAKURA 2012 | 2.53E2
B.F. RIDER
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22Am R.W.MILLS | Feb2005 | 2.53E2, 4E5 =Py M.B. CHADWICK, | 2011 5E5,2E6, 1.4E7| ®%Pu J.KATAKURA 2012 | 5E5,2ES6,
T. KAWANO 1.4E7
“m R.W.MILLS | Feb2005 | 2.53E2, 4E5 %Py T.R. ENGLAND, 1992 2.53E2, 5E5, | **%Pu J.KATAKURA 2012 | 2.53E2, 5E5,
B.F. RIDER 1.4E7 1.4E7
2Cm R.W.MILLS | Feb2005 | 2.53E2, 4E5 Zpy T.R. ENGLAND, 1992 | 2.53E2, 5E5 2y J.KATAKURA 2012 | 2.53E2, 5E5
B.F. RIDER
2°Cm R.W.MILLS | Feb2005 | 2.53E2, 4E5 2Py T.R. ENGLAND, 1992 | 2.53E2,5E5, | “*Pu J.KATAKURA 2012 | 2.53E2, 5E5,
B.F. RIDER 1.4E7 1.4E7
2IAm T.R. ENGLAND, 1992 | 2.53E2,5E5, | “*Am J.KATAKURA 2012 | 2.53E2, 5E5,
B.F. RIDER 1.4E7 1.4E7
22"Am | T.R.ENGLAND, 1992 | 2.53E2 22"Am | J.KATAKURA 2012 | 2.53E2
B.F. RIDER
2Am T.R. ENGLAND, 1992 | 5E5 2Am J.KATAKURA 2012 | 5E5
B.F. RIDER
242Cm T.R. ENGLAND, 1992 | 5E5 24Cm J.KATAKURA 2012 | 5E5
B.F. RIDER
2Cm T.R. ENGLAND, 1992 | 2.53e2,5e5 2Cm J.KATAKURA 2012 | 2.5%-2, 55
B.F. RIDER
Cm T.R. ENGLAND, 1992 5E5 2Cm J.KATAKURA 2012 | 5E5
B.F. RIDER
Cm T.R. ENGLAND, 1992 2.53E2 *Cm J.KATAKURA 2012 | 2.53E2
B.F. RIDER
®Cm T.R. ENGLAND, 1992 5.00E+05 2®Cm J.KATAKURA 2012 | 5E5
B.F. RIDER
%Cm T.R. ENGLAND, 1992 5E5 Cm J.KATAKURA 2012 | 5E5
B.F. RIDER
2%t T.R. ENGLAND, 1992 2.53E2 2%t J.KATAKURA 2012 | 2.53E2
B.F. RIDER
It T.R. ENGLAND, 1992 | 2.52E2 It J.KATAKURA 2012 | 2.52E2
B.F. RIDER
DEs T.R.ENGLAND, 1992 | 2.53E2 ®Es J.KATAKURA 2012 | 2.53E2
B.F. RIDER
Fm T.R. ENGLAND, 1992 | 2.53E2 FEm J.KATAKURA 2012 | 2.53E2
B.F. RIDER
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Spontaneous Fission

Spontaneous Fission

Spontaneous Fission

Cm R.W.MILLS | Feb2005 = T.R. ENGLAND, 1992 = J.KATAKURA 2012
B.F. RIDER

#Cm R.W.MILLS | Feb2005 #Cm T.R. ENGLAND, 1992 2Cm J.KATAKURA 2012
B.F. RIDER

aCf R.W.MILLS | Feb2005 24%Cm T.R. ENGLAND, 1992 2%%Cm J.KATAKURA 2012
B.F. RIDER

2¥Cm T.R. ENGLAND, 1992 2¥Cm J.KATAKURA 2012
B.F. RIDER

20t T.R. ENGLAND, 1992 20Cf J.KATAKURA 2012
B.F. RIDER

ot T.R. ENGLAND, 1992 2Cf J.KATAKURA 2012
B.F. RIDER

BEs T.R. ENGLAND, 1992 BEs J.KATAKURA 2012
B.F. RIDER

Em T.R. ENGLAND, 1992 Em J.KATAKURA 2012
B.F. RIDER

%Fm T.R. ENGLAND, 1992 % m J.KATAKURA 2012
B.F. RIDER
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ROSFOND-2010

CENDL

Neutron-induced Fission Yields

Neutron-induced Fission Yields

Nucleus Authors Year Energies Nucleus Authors Year Energies
Z2Th T.R.ENGLAND, 1992 2.53E2 Z32Th D. WANG 1987 | 5E5
B.F. RIDER
22%Th T.R. ENGLAND, 1992 2.53E2 U D. WANG 1987 | 2.53E2
B.F. RIDER
Z0Th T.R. ENGLAND, 1992 5E5 1.4E7 | U T.LIU 1998 | 2.53E2,
B.F. RIDER 5E5,14E7
Z%Th T.R. ENGLAND, 1992 5E5 1.4E7 | U T. LIV 1998 5E5,14E7
B.F. RIDER
= T.R. ENGLAND, 1992 2.53E2 =Py T. LIV 1998 | 2.53E2,5E5
B.F. RIDER
= R.W.MILLS 2005 2.53E2, 2lpy D. WANG 1987 2.53E2
4E5, 1.4E7
= R.W.MILLS 2005 4E5
U R.W.MILLS 2005 2.53E2,
4E5, 1.4E7
= R.W.MILLS 2005 4ES5
=y T.R. ENGLAND, 1992 5E5
B.F. RIDER
= T.R. ENGLAND, 1992 5E5, 1.4E7
B.F. RIDER
“Np T.R. ENGLAND, | 1992 2.53E2,
B.F. RIDER 5E5, 1.4E7
ZNp T.R. ENGLAND, | 1992 5E5
B.F. RIDER
ZEpy T.R. ENGLAND, 1992 5E5
B.F.RIDER
By T.R. ENGLAND, 1992 2.53E2
B.F. RIDER 5E51.4E7
2%y R.W. MILLS 2005 4E5,
py T.R. ENGLAND, 1992 2.53E2,
B.F. RIDER 5E5
“Pu [Rw.MILLS 2005 AE5
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2Am T.R. ENGLAND, 1992 2.53E2,
B.F. RIDER 5E5, 1.4E7

222MAm T.R. ENGLAND, 1992 2.53E2
B.F. RIDER

2BAm T.R. ENGLAND, 1992 5E5
B.F. RIDER

22Cm T.R. ENGLAND, 1992 5E5
B.F. RIDER

2Cm T.R. ENGLAND, 1992 2.53e2, 5E5
B.F. RIDER

2Cm T.R. ENGLAND, 1992 5E5
B.F. RIDER

2°Cm T.R.ENGLAND, 1992 2.53E2
B.F. RIDER

2°Cm T.R. ENGLAND, 1992 5E5
B.F. RIDER

2Cm T.R. ENGLAND, 1992 5E5
B.F. RIDER

22¢cf T.R. ENGLAND, 1992 2.53E2
B.F. RIDER

DIt T.R. ENGLAND, 1992 2.52E2
B.F. RIDER

g T.R. ENGLAND, 1992 2.53E2
B.F. RIDER
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APPENDIX 2: Z- and A-ranges of FPs for neutrorinduced fission of?*"#2°23h #3lpg 23223323 in ENDF/B VII.1

Z A range 4 A range
90-Th-227 | 90-Th-229 | 90-Th-232 | 90-Th-232| 91-Pa231 92-U-232 | 92-U-233 | 92-U-233 | 92-U-233 | 92-U-234 | 92-U-234
0.0253 0.0253 500000| 1.40E+07 500000 0.0253 0.0253| 500000| 1.40E+07| 500000| 1.40E+07

22 66-66 66-66 23| 66-67 66-66 66-66 66-67 66-67 66-67
23 66-69 66-69 66-67 24 | 66-69 66-69 66-69 66-70 66-69 66-70
24 69-69 66-71 66-72 66-69 25| 6672 66-72 66-72 66-72 66-72 66-72
25 | 66-68 66-73 66-74 66-74 66-72 26 | 66-74 66-75 66-75 66-76 66-75 66-75
26 | 6671 66-75 66-77 66-77 66-75 27| 66-76 66-78 66-77 66-78 66-77 66-78
27 | 6677 66-78 66-79 66-79 66-77 28| 66-79 66-79 66-79 66-80 66-79 66-80
28 | 66-79 66-80 66-81 66-82 66-80 29| 66-82 66-83 66-82 66-82 66-82 66-82
29 | 66-81 66-83 66-84 66-84 66-82 30| 6684 67-85 66-85 66-86 66-85 66-86
30| 67-85 68-85 68-87 66-87 66-85 31| 6686 69-88 69-87 66-87 68-87 66-87
31| 6987 70-88 70-89 68-89 68-87 32| 6889 7190 7090 68-89 70-90 69-89
32| 71-90 72-90 72-92 71-92 70-90 33| 71-92 7393 72-92 71-92 7392 71-92
33| 7392 7393 7594 7394 72-92 34| 7394 7595 7595 7396 7595 73-96
34 | 7595 7595 77-97 7597 7595 35| 7597 77-98 77-97 77-97 77-97 77-97
35| 77-97 77-98 7999 77-100 77-97 36 | 78100 79100 79100 78100 79100 78100
36 | 7998 7998 81-99 80-103 79100 37| 81-102 83103 81-102 81-102 81-103 81-102
37| 81-105 83-105 83-106 83-105 81-100 38| 83102 84-103 83-103 83-106 84-103 83-106
38 | 84107 84-107 86-109 84-108 84-107 39 | 85108 87-109 87-109 85-108 87-110 85-109
39 | 87-109 87-109 88-111 87-111 87-109 40 | 87-109 88-111 88-111 87-111 88-112 87-111
40| 89111 89112 91-113 89113 88111 41| 89113 91-113 91-113 89114 91-114 89114
41| 92-113 91-114 93115 92-116 91-113 42 | 92-115 93115 93115 91-116 93116 91-117
42 | 94115 94-115 96-118 94-119 93115 43| 95117 97-118 97-118 95119 97-119 95119
43| 97-118 97-118 98-121 97-122 97-119 44| 97-119 98-121 98-120 97-122 98-121 97-122
44 | 104121 104121 106123 100125 99-121 45| 101-122 | 101-122 | 101-122 | 99124 101-123 | 99125
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45| 105121 105122 107-125 103128 106122 46| 102122 | 109129 | 103129 | 102128 | 109123 | 102128
46| 107123 107123 109131 106131 106123 47| 1074131 | 109131 | 109131 | 105130 | 109132 | 105130
47| 109131 109132 111133 108133 108131 48] 109133 | 111-134 | 111-134 | 108134 | 111134 | 108134
48 | 111-133 111134 113135 111-136 111134 491112136 | 113136 | 113136 | 111136 | 113136 | 111-136
491 114135 114136 115138 114137 113136 50| 114138 | 115139 | 115138 | 113138 | 116139 | 114138
50| 116138 116139 118141 116140 115139 51| 117140 | 118141 | 117141 | 117140 | 118141 | 117140
51| 119141 119142 121-143 119143 118141 52| 119142 | 120144 | 120143 | 119142 | 120144 | 119143
521 121-143 121-144 123146 122-145 120144 53| 121-145 | 128146 | 123146 | 121-145 | 123146 | 123145
53| 123146 123147 130148 126147 123146 54 | 129147 | 128149 | 129148 | 125148 | 130149 | 125148
54 | 129147 130149 131-151 128150 130149 55| 129150 | 131151 | 131151 | 127150 | 131-151 | 127150
55| 131151 131152 133154 131-152 131151 56 | 131-152 | 132153 | 132153 | 131153 | 133153 | 131-153
56 | 133153 133153 135156 133155 133153 57| 133155 | 135156 | 135156 | 133155 | 135156 | 133155
571 135155 135156 137159 135158 135156 58| 137157 | 137159 | 137157 | 135158 | 137159 | 135158
58 | 138155 138156 140161 137159 137159 59| 139159 | 140161 | 139161 | 139160 | 140162 | 139160
59| 140157 140-158 142-163 140-163 139161 60| 140162 | 142161 | 142161 | 140162 | 142162 | 140162
60 | 143159 143160 145167 143166 142-162 61| 143164 | 145166 | 144163 | 143164 | 145166 | 143165
61| 145161 145162 148169 145168 145166 62 | 145166 | 147166 | 147165 | 144167 | 147166 | 145167
62 | 149163 148164 150172 148171 147-166 63| 149169 | 151167 | 151167 | 147169 | 151168 | 149171
63 | 153165 151-165 153172 151-172 151-168 64| 151-171 | 153169 | 152169 | 151-171 | 153170 | 151171
64 | 155167 155167 157172 153172 153170 65| 153172 | 156171 | 155171 | 153172 | 156171 | 153172
65 | 159168 159167 160172 156172 156172 66 | 156172 | 159172 | 158172 | 156172 | 159172 | 156172
66 | 163170 163170 163172 159172 159172 67| 159172 | 163172 | 162172 | 159172 | 162172 | 159172
67| 168171 167172 163172 162-172 68| 162172 | 166172 | 166172 | 161172 | 165172 | 162172
68 | 163170 171:-172 166172 165172 69 | 165172 | 172172 | 170172 | 165172 | 170172 | 165172
69 169172 168172 70| 168172 167172 167172
70 172-172 71| 171172 171172 171172
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Z- and A-ranges of FPs for neuton-induced fission of?3>23%%. 238 231238\ in ENDF/B VII.1

Z A ranges Z A ranges

92-U-235 | 92-U-235 | 92-U-235 | 92-U-236 | 92-U-236 | 92-U-237 92-U-238 | 92-U-238 | 93-Np-237 | 93-Np-237 | 93-Np-237 | 93-Np-238

0.0253| 500000| 1.40E+07| 500000| 1.40E+07| 500000 500000| 1.40E+07 0.0253 500000| 1.40E+07 500000

23 | 66-66 66-67 66-68 66-67 66-68 66-67 22 | 66-66
24 | 66-69 66-69 66-70 66-69 66-70 66-69 23 | 66-69 66-68 66-66 66-67 66-66
25| 66-73 66-73 66-73 66-73 66-73 66-73 24 | 66-71 66-69 69-69 66-66 66-69 66-69
26 | 6675 66-75 66-76 66-75 66-76 66-75 25| 6674 66-73 66-73 66-73 66-73 66-73
27 | 66-78 66-78 66-78 66-78 66-78 66-79 26 | 66-77 66-76 66-75 66-75 66-75 66-75
28 | 66-80 66-81 66-82 66-81 66-82 66-81 27 | 66-79 66-79 66-78 66-78 66-78 66-78
29 | 66-83 66-83 66-83 66-83 66-83 66-84 28 | 66-81 66-82 66-81 66-80 66-80 66-81
30 | 68-86 67-85 66-86 67-85 66-86 68-86 29 | 66-84 66-84 66-83 66-83 66-83 66-83
31| 7088 69-88 67-88 69-88 67-88 70-89 30| 67-87 66-86 68-85 67-85 66-86 67-85
32| 7291 72-91 69-90 72-91 69-90 72-91 31| 6989 68-89 69-88 70-88 66-88 69-88
33| 7493 74-93 71-93 7393 72-93 74-94 32| 72-92 7091 72-91 71-90 69-90 72-91
34 | 76-96 76-96 74-96 7596 74-96 76-96 33| 7494 72-94 74-93 7393 71-93 74-93
35| 7898 7898 77-98 7899 77-98 7899 34 | 7797 7596 76-95 7596 74-96 76-95
36 | 80-101 80-101 78-100 80-101 79101 81-102 35| 79100 77-99 78-98 77-98 77-98 7898
37| 83103 83104 81-103 83104 81-103 83104 36 | 81-102 79102 80-101 80-100 79-100 80-101
38| 85104 85104 83106 85104 83107 85105 37 | 83105 83104 83103 83103 81-102 83104
39 | 87-110 87-110 85-109 87-110 87-109 88-111 38 | 86-105 84-107 85-106 84-105 83-105 85-106
40| 89112 90-112 87-112 89-112 88-112 90-113 39| 88111 87-110 87-106 87-106 87-108 87-106
41| 92-114 92-115 90-114 92-115 90-115 93115 40 | 90-114 89-113 89-112 89-112 88-111 90-113
42| 94-117 95117 92-117 95117 93117 95118 41 93116 91-116 92-115 91-114 91-114 92-115
43| 97-119 97-119 95-120 97-120 95120 98-120 421 95118 94-118 94-117 93116 93117 95117
44 | 99-121 100121 | 97-124 100121 | 98124 100123 | 43| 98121 97-121 97-119 97-119 95119 97-119
451 101-124 | 103123 | 101-125 | 103124 | 101-126 | 103124 | 44| 100123 | 99124 99-121 98-121 98-122 100121
46 | 109130 | 109130 | 102130 | 110124 | 103130 | 110131 | 45| 103125 | 102127 | 102123 101-123 101-125 103123
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471110131 | 110132 | 106131 | 110133 | 106131 | 111133 | 46| 105127 | 104130 | 104123 104130 103128 105124
48| 112134 | 112135 | 109134 | 112135 | 109134 | 113135 | 47| 111-133 | 107132 | 112132 106132 105131 112132
491115137 | 114137 | 111-136 | 115137 | 112136 | 115138 | 48| 113136 | 110136 | 112134 111-134 109134 113135
50| 117#139 | 117140 | 114138 | 117140 | 115139 | 117140 | 49| 115138 | 113137 | 114137 113136 111-136 115137
51| 119142 | 119142 | 117141 | 119142 | 117141 | 120143 | 50| 118141 | 116140 | 117139 116139 114139 117140
521122144 | 121-145 | 120143 | 122-145 | 120144 | 122145 | 51| 120143 | 119142 | 119142 118141 117141 119142
53| 126147 | 130147 | 123146 | 129147 | 123146 | 130148 | 52 | 123146 | 122-145 | 121-144 120144 120144 122-145
541128149 | 130149 | 125148 | 131-149 | 125150 | 131150 | 53| 125148 | 125147 | 129147 123146 123146 129147
55| 131152 | 131-152 | 127151 | 132152 | 129151 | 132153 | 54| 131151 | 127150 | 130149 130149 125149 131-149
56 | 133153 | 134155 | 131-154 | 134155 | 131154 | 134156 | 55| 132153 | 131152 | 131-152 131:-151 129151 132152
57| 137157 | 137157 | 133155 | 137158 | 133156 | 137158 | 56 | 134156 | 132155 | 133153 133153 131154 134155
58 | 138159 | 138159 | 135158 | 138159 | 137159 | 139161 | 57| 137159 | 135158 | 137157 135156 135156 137158
59| 141-162 | 141-162 | 139161 | 141163 | 139161 | 142163 | 58 | 139161 | 137160 | 138159 137159 137158 139159
60 | 143162 | 143162 | 140163 | 143165 | 141-163 | 144166 | 59| 142164 | 140163 | 141-162 140162 139161 141-163
61| 146166 | 146167 | 143166 | 146167 | 143167 | 147169 | 60| 144167 | 143166 | 143165 142162 141-163 144165
62| 148166 | 149171 | 145169 | 148171 | 146169 | 149171 | 61| 147169 | 145169 | 146166 145166 144166 146167
63| 151-168 | 151-171 | 149171 | 151171 | 149172 | 152171 | 62| 149172 | 148171 | 148166 147166 147169 149171
64 | 154170 | 154171 | 151172 | 154171 | 152172 | 155171 | 63| 152172 | 151172 | 151-168 151171 149172 152171
65| 157+172 | 157172 | 153172 | 157172 | 155172 | 158172 | 64| 155172 | 153172 | 154170 152171 152172 154171
66 | 160172 | 160172 | 156172 | 160172 | 157172 | 161172 | 65| 158172 | 156172 | 157172 155172 155172 157172
67| 165172 | 165172 | 159172 | 164172 | 161172 | 165172 | 66| 161172 | 159172 | 160172 158172 157172 160172
68 | 16/+172 | 168172 | 162172 | 16172 | 163172 | 168172 | 67| 165172 | 162172 | 163172 162172 161172 164172
69| 172172 | 172172 | 165172 | 171172 | 166172 68| 168172 | 165172 | 167172 165172 162172 167172
70 168172 169172 69| 171172 | 168172 | 171172 169172 165172 171172
71 172172 172-172 70 172-172 172172 168172
71 171172
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Z- and A-ranges of FPs for neuton-induced fission of3323°240.24b,; in ENDF/B VII.1

Z A range Z A range

94-Pu-238 | 94-Pu-239 | 94-Pu-239 | 94-Pu-239 | 94-Pu-239 94-Pu-240 | 94-Pu-240 | 94-Pu-240 | 94-Pu-241 | 94-Pu-241

500000 0.0253 500000 2000000 1.40E+07 0.0253 500000| 1.40E+07 0.0253 500000

23 | 66-67 66-66 66-66 66-67 23 | 66-66 66-66 66-67 69-69 66-67
24 | 66-69 69-69 66-69 66-69 66-70 24 | 66-69 66-69 66-69 66-72 66-69
25| 66-72 66-72 66-72 66-72 66-72 25| 66-73 66-73 66-72 66-75 66-73
26 | 66-75 66-72 66-75 66-75 66-76 26 | 66-75 66-75 66-76 66-78 66-75
27 | 66-78 66-77 66-77 66-77 66-78 27 | 66-78 66-78 66-78 66-79 66-78
28 | 66-80 66-79 66-79 66-79 66-82 28 | 66-80 66-80 66-80 66-83 66-81
29 | 66-83 66-82 66-83 66-83 66-83 29 | 66-83 66-83 66-83 67-85 66-83
30 | 66-85 66-85 66-85 66-85 66-86 30| 67-85 66-85 66-86 69-88 67-85
31| 6887 68-87 68-87 68-87 66-87 31| 6988 69-88 67-87 7191 69-88
32| 7090 70-90 70-90 70-90 69-90 32| 71-90 71-90 69-90 7393 7191
33| 72-92 72-92 72-92 72-92 71-92 33| 7393 7393 7192 7596 7393
34| 7595 7596 7595 7595 73-96 34| 7595 7595 7396 78-98 7596
35| 77-98 77-97 77-97 77-97 7597 35| 7898 77-98 77-97 80-101 7898
36| 79100 79100 79100 79100 78-100 36 | 80-100 80-100 78100 83-104 80-101
37| 81-103 81-103 83-103 83-103 81-102 37| 83103 83103 81-102 85-106 83103
38| 84-105 83105 84-105 84-105 83104 38| 84-106 84-106 83105 87-109 85106
39 | 87-107 87-108 87-108 87-108 85-107 39| 87-108 87-108 85-107 89-109 87-108
40 | 88112 88-108 88-108 88-108 87-110 40 | 89-108 89-108 87-111 92-116 90-109
41| 91-113 91-114 91-114 91-114 89-113 41| 92-115 91-115 90-114 94-117 92-115
42| 93115 93116 93116 93116 91-116 42| 94-117 94-117 92-116 97-120 94-117
43 | 97-117 97-119 97-119 97-119 95119 43| 97-119 97-119 95119 99-121 97-120
44| 98119 98-121 98121 98-121 97-122 44 | 99-121 99-121 97-124 102123 99121
45| 101-122 101-122 101-123 101-123 99-124 451 101-123 101-123 99-125 105124 102-123
46| 103129 103123 103123 103123 101-130 46 | 104130 104130 102130 107-132 104124
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47| 106132 106131 106131 106131 103130 47 | 107132 107132 105131 115134 107132
48| 112-134 114134 108134 108134 106134 48 | 114134 114134 107134 116137 109135
491113136 114136 114136 114136 109136 49| 115136 115136 111-136 117140 115137
50| 114138 116138 116138 116138 112-138 50| 117139 117139 113138 120-142 117140
51| 117141 118141 118141 118141 115140 51| 119142 119141 117140 122145 119142
521119143 120144 120143 120-143 118142 52| 121-144 121-144 119143 129147 121-145
53| 121-146 123146 123146 123146 121-145 53 | 123147 123147 123145 131-149 129147
541129148 128148 130148 130-148 125148 541 130149 130149 125148 131-152 131-149
55| 131151 131151 131-151 131151 127-150 55| 131-152 131152 127150 133155 131152
56 | 132153 132153 132153 132153 129152 56 | 133154 133154 131-154 137158 133155
57| 135156 135156 135156 135156 133154 57| 135157 135157 133155 138159 137157
58 | 137158 137159 137159 137159 135158 58 | 137159 137159 135158 141-163 138159
591 139161 139162 139161 139161 139160 59 | 140162 140162 139160 143-166 141-163
60 | 142162 142163 142163 142163 140162 60 | 142165 142165 140163 146169 143165
61| 144166 144167 144167 144167 141-165 61 | 145167 145167 143166 149171 146168
62 | 146169 147-169 147169 147-169 144167 62 | 148169 148169 145168 151172 148171
63 | 149171 151-171 149171 149171 147169 63 | 151-171 151172 147171 154172 151172
64 | 152171 152171 152171 152171 149171 64 | 153171 153172 151-172 157172 154172
65| 155172 155172 155172 155172 151-172 65 | 156172 156172 153172 160172 156172
66 | 157172 158172 158172 158172 155172 66 | 159172 158172 155172 166172 159172
67| 161-172 161172 161-172 161172 159172 67| 162172 161172 159172 168172 162172
68 | 163172 164172 164172 164172 161-172 68 | 165172 165172 161-172 171-172 165172
69| 167172 168172 167172 167172 165172 69| 169172 168172 165172 169172
70| 171-172 172172 170172 170172 166-172 70 171172 167172 172172
71 169172 71 171172

72 172-172
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Z- and A-ranges of FPs for neuton-induced fission of**Pu, ?**?*22*Am and #*??**#*m in ENDF/B VII.1

Z A range

94-Pu-242 | 94-Pu-242 | 94-Pu-242 | 95Am-241 | 95Am-241 | 95Am-241 | 95Am-242 | 95Am-243 | 96Cm-242 | 96:Cm-243 | 96:Cm-243 | 96-Cm-244

0.0253 500000 | 1.40E+07 0.0253 500000 1.40E+07 0.0253 500000 500000 0.0253 500000 500000

23 | 66-66 66-68 66-68 66-66 66-67 66-67 66-67 66-66 66-67 66-66 66-67
24 | 66-69 66-71 66-71 66-69 66-70 66-69 66-69 66-69 66-69 66-69 66-69
25| 66-73 66-73 66-73 66-72 66-72 66-72 66-72 66-72 66-69 66-72 66-70 66-72
26 | 66-75 66-75 66-75 66-75 66-73 66-75 66-75 66-75 66-73 66-75 66-73 66-73
27 | 66-79 66-78 66-79 66-77 66-77 66-77 66-77 66-78 66-76 66-77 66-77 66-77
28 | 66-81 66-81 66-82 66-79 66-79 66-80 66-79 66-80 66-79 66-80 66-79 66-79
29 | 66-84 66-84 66-84 66-82 66-82 66-82 66-83 66-83 66-82 66-82 66-82 66-82
30 | 68-86 67-86 67-86 67-85 66-85 66-86 66-85 66-86 66-84 66-85 66-84 66-85
31| 7089 69-89 69-89 69-88 68-87 66-87 68-88 68-88 67-86 68-88 67-87 67-87
32| 7291 7191 7191 71-90 70-90 68-90 70-90 70-90 69-89 70-90 69-89 7090
33| 7494 74-94 7393 7392 72-92 71-92 72-93 7393 72-91 72-93 71-92 72-92
34| 7696 76-96 76-96 7595 74-94 7396 75-95 7596 74-94 74-96 74-94 74-95
35| 7899 7899 77-98 77-97 77-97 7597 77-98 77-98 77-96 77-97 77-97 77-97
36 | 81-101 80-101 79101 79100 79100 77-100 79-100 79100 78-100 78-100 78-100 79100
37 | 83104 83104 83-104 83102 81-102 81-102 83-103 81-103 81-101 81-102 81-102 81-102
38| 85107 85106 84-106 84-105 84-105 83104 84-105 84-105 83104 83104 83104 83105
39| 88109 88-109 87-109 87-107 87-107 85-107 87-108 87-108 85-106 87-107 85-106 87-107
40 | 90-109 90-109 89-109 89110 88-110 87-110 89-110 88110 87-110 88-110 88-109 88-110
41| 92-116 92-116 91-116 91-110 91-110 89-114 91-110 91-111 89111 91-111 90-111 90-112
42| 95118 95118 93118 93117 93117 91-117 94-117 93-118 91-111 93111 92-112 93112
43 | 97-120 97-120 97-120 97-119 95119 95119 97-119 95120 95118 97-118 95119 95119
44| 100123 99-123 98-122 98-121 98-121 97-122 99-121 98-122 97-120 98-120 97-120 98-120
45| 103124 102-124 101-123 101-122 101-122 99-124 101-123 101-123 99121 101-121 99-122 101-122
46 | 105124 105124 103130 103129 103122 101-128 103123 103130 101-121 102129 102122 102129
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47| 108133 107-133 106132 106131 106131 103130 106-132 106132 105130 105131 105131 105131
48| 116135 115135 109134 108134 108134 106134 108134 108134 106134 107134 107134 107134
491 116137 115137 116137 116136 116136 109136 116136 111-136 109136 109136 109136 111-136
50| 118140 117140 117139 117138 116138 112-138 117139 117139 111-138 118138 112138 112138
51| 120143 120142 119142 119141 118141 117140 119141 119141 118139 118141 119140 118141
52| 122145 122-145 120144 121-143 120-143 119142 121-144 121-144 119142 120143 120143 120143
53| 130148 130147 123147 123146 128146 121-145 123146 123146 121-144 121-146 121-145 121-146
541 131-150 131-150 130150 129149 130-148 125148 130-149 130148 129148 129148 129148 129148
55| 132153 131152 131-151 131151 131151 127-150 131151 131-151 129150 129151 129150 129150
56 | 134155 133155 132154 132153 132153 129152 132154 132154 131-152 131-154 131:152 132153
57| 137158 137-158 135157 135156 135156 133154 135156 135156 133154 135156 133155 135155
58 | 138160 138159 137159 137159 137158 135158 137159 137159 135157 137158 135157 137158
59| 141-163 141-163 139162 139161 139161 139160 139162 139161 139159 139161 139160 139161
60 | 144166 143166 141-165 142162 141-162 140163 142163 141-163 140162 141-163 140162 141-163
61| 146168 146168 144167 144166 144166 141-165 145167 144167 143164 143166 143164 143166
62| 149171 148171 147169 147-169 146-169 144167 147-169 146169 144166 146167 145167 146167
63 | 151-172 151-172 149172 151-169 149171 147170 151-172 149172 147168 149171 149169 149171
64 | 154172 154172 152172 152-170 152171 149172 152-172 151-172 149170 151172 151171 151-172
65| 157172 156172 155172 155172 155172 151-172 155172 155172 153172 155172 153172 155172
66 | 160172 159172 157172 158172 157172 155172 158172 157172 155172 156172 156172 156172
67| 163172 162172 161-172 161172 161172 159172 161172 161172 159172 159172 159172 159172
68 | 166172 166172 163172 164172 163172 161-172 164172 163172 161172 162172 161172 162172
69| 170172 169172 166172 167172 166172 165172 167172 166172 165172 165172 165172 165172
70 172172 170172 171172 170172 166-172 170172 170172 167172 168172 167172 168172
71 169172 171172 171172 171172 171-172
72 171172
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Z- and A-ranges of FPs fomeutron-induced fission of**>#*®#%8Ccm, 249%1cf, 2Es, and®°Fm in ENDF/B VII.1

Z A range

96-Cm-245 | 96-:Cm-246 | 96:Cm-248 | 98-Cf-249 | 98-Cf-251 | 99-Es-254 | 100-Fm-255

0.0253 500000 500000 0.0253 0.0252 0.0253 0.0253

23 | 66-67 66-67 66-68 66-67 66-66
24 | 66-69 66-69 66-71 66-69 66-69
25| 66-72 66-73 66-73 66-69 66-72 66-68 66-72
26 | 66-75 66-75 66-75 66-73 66-75 66-75 66-72
27 | 66-78 66-78 66-79 66-76 66-78 66-78 66-77
28 | 66-80 66-80 66-81 66-79 66-80 66-79 66-79
29 | 66-83 66-83 66-84 66-82 66-83 66-83 66-81
30 | 66-86 66-86 67-87 66-84 66-85 67-85 66-85
31| 6888 68-88 69-89 66-87 67-88 69-88 67-87
32| 7091 7091 71-92 68-90 7091 7291 70-90
33| 7393 7393 7394 71-92 72-93 74-94 72-92
34| 7596 7596 76-97 7396 7596 76-96 75-95
35| 77-98 77-98 7899 7597 77-98 7899 77-97
36| 79100 79101 80-102 77-100 79101 81-101 80-100
37| 83103 83-103 83104 79102 83-103 83-103 83-103
38| 84-105 84-106 85107 83105 84-106 85-106 84-105
39| 87-108 87-108 88-109 85-107 87-108 87-108 87-108
40 | 89110 89110 90-112 87-110 89-110 90-111 89-110
41| 92-112 91-113 93114 89112 91-113 92-113 92-113
42 | 94-113 94-113 95114 92-116 94-116 94-116 94-115
43 | 97-120 97-120 97-121 95-120 97-118 97-118 97-118
441 99121 99-122 100123 97-122 99-118 99121 99-120
45 101-123 101-123 102-124 99-124 101-:120 | 101-121 101-122
46| 103130 104130 105131 102126 | 103130 | 104123 | 104123
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47| 106132 106-132 107-133 105130 106-132 106-132 106-132
48| 108134 109134 110135 107134 108135 108135 109135
491 111136 111-137 112138 109136 111-137 111-137 111-137
50| 113139 113139 121-140 112-138 113139 114139 114139
51| 119141 120142 121-143 115140 117-142 117-142 117-142
521121144 121-144 123145 121-143 118144 118144 119144
53| 123147 123147 130148 123145 129147 121-147 123146
541 130149 130149 131-150 125148 130-150 131-150 130-149
55| 131-152 131152 131-153 127-150 131-152 131-152 131-152
56 | 132154 133154 134155 131-154 133154 133154 133154
57| 135156 135157 137-158 133156 135157 135157 137157
58 | 137159 137159 138160 135158 137159 137160 138159
591 139162 139162 141-163 139161 140162 140162 140162
60 | 142164 142164 143166 140164 142165 142165 143165
61| 145167 145167 146168 143166 145167 145167 145167
62 | 147169 147-169 148171 145169 147-169 147-169 148169
63 | 151-172 151-172 151-172 147172 151-172 151-172 151-172
64 | 152172 152172 153172 151172 152-172 152-172 153172
65| 155172 155172 156172 153172 155172 155172 156172
66 | 158172 158172 159172 155172 158172 157172 158172
67| 161-172 161172 162172 159172 161172 161172 161172
68 | 163172 163172 165172 161-172 163172 163172 164172
69| 166172 166172 168172 165172 166172 166172 167172
70| 170172 169172 171:-172 167172 169172 170172 170172
71 171172 172-172
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Z- and A-ranges of FPs for spontaneoufission of 233, 2442%.248Ccm 25022cf 28Eg and?**%m in ENDF/B VII.1

Z A range

92-U-238 | 96Cm-244 | 96Cm-246 | 96-Cm-248 98-Cf-250 98-Cf-252 99-Es-253 100Fm-254 | 100Fm-256
23 66-67 66-67 66-68 66-66 66-67 66-66 66-66 66-66
24 66-69 66-69 66-69 66-69 66-71 66-69 66-67 66-69
25 | 66-67 66-72 66-72 66-73 66-72 66-73 66-72 66-70 66-72
26 | 6675 66-73 66-75 66-75 66-74 66-75 66-74 66-73 66-74
27 | 66-79 66-77 66-77 66-78 66-77 66-78 66-77 66-75 66-77
28 | 66-:81 66-79 66-79 66-80 66-79 66-81 66-80 66-79 66-79
29 | 68-84 66-81 66-83 66-83 66-82 66-83 66-82 66-81 66-82
30 | 70-87 66-84 66-85 66-85 66-85 67-86 66-85 66-84 66-85
31| 72-89 67-87 67-88 68-88 66-87 69-88 66-87 66-87 66-87
32| 7492 70-90 70-90 7091 69-90 72-91 68-90 68-89 69-90
33| 7694 72-92 72-93 72-93 71-93 7393 71-92 71-92 71-92
34 | 7897 7595 7595 7596 74-95 76-96 73-96 7394 7396
35 | 80-100 77-97 77-98 77-98 77-98 78-99 77-97 77-97 77-97
36 | 82102 79-100 80-100 80-101 79-100 80-101 78-100 78-100 78-100
37 | 84-105 81-102 83103 83104 81-103 83-103 81-102 81-102 81-102
38 | 86105 84-105 84-105 84-106 84-105 85106 83104 83104 83105
39| 89111 87-107 87-108 87-109 87-107 87-108 85-107 85-106 85107
40 | 91-113 88110 89110 89111 89110 89-110 88-110 87-110 88-110
41| 94-115 91-112 92-113 92-113 91-112 91-112 90-112 90-111 90-112
421 96-118 93112 94-113 94-114 93114 94-115 93114 92-114 93116
431 99120 97-119 97-120 97-121 97-116 97-119 95117 95116 95117
44 | 102-123 98-121 99-121 99-122 98-117 99-124 97-120 97-119 97-120
45| 104-125 101-121 101-122 102123 101-123 101-125 101-124 99121 101-122
46 | 110125 103129 104130 104124 103123 104126 102-130 102-121 102-130
47| 112-133 106131 106132 107-133 105131 106132 105131 105131 105132
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48 | 114135 108134 109134 109135 108134 108134 107-134 106134 107134
49| 116139 111-136 111-136 111-137 111-136 111-137 109136 109136 111-136
50| 118141 119139 119139 114140 112139 113139 111-138 111-138 112138
51| 121-144 120141 120142 121-142 115141 118142 115140 113140 115141
52| 124146 121-144 122144 123145 117144 124144 117-143 115142 117143
53| 131-149 128146 123146 130147 123146 125147 128146 121-145 121-146
54 | 132151 129148 130149 131-150 130149 125150 130148 129148 130148
55| 133154 131-151 131-151 131152 131-151 132-151 131151 129150 131-151
56 | 135156 132153 133154 133155 132153 133154 131154 131-153 132154
57 | 138159 135156 135157 137157 135156 135156 135156 133155 135155
58 | 141-162 137159 137159 138159 137158 137-159 137-158 135158 137158
59 | 143162 140161 140162 140163 139161 139161 139161 139160 139161
60 | 146166 142-163 142-163 143165 142-163 142-164 140164 140162 141-163
61| 148166 145166 145167 145168 144166 144167 143165 143165 143166
62 | 151-166 147169 147169 148171 147169 147169 145168 145167 146168
63 | 154168 151-172 151-172 151172 149171 149172 149171 147169 149171
64 | 158170 152172 153172 153172 152172 152172 151-172 151172 151-172
65| 162171 155172 155172 156172 155172 155172 153172 153172 153172
66 | 166172 158172 158172 159172 157172 157172 156172 155172 155172
67| 171172 161-172 161-172 161172 161-172 159172 159172 159172 159172
68 163172 164172 164172 162172 162-172 161172 161172 161-172
69 166172 167172 167172 165172 165172 165172 165172 165172
70 169172 170172 170172 168172 168172 166172 166172 167172
71 172172 171172 171172 169172 169172 171172
72 172-172 172172 172172
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APPENDIX 3: Z- and A-ranges of FPSrom n-induced fission of***Th, 233234235236.23§ jn JEFF-3.1.1

Y4 A ranges
90-Th-232| 90-Th-232| 92-U-233| 92-U-233| 92-U-233| 92-U-234 i 92-U-235| 92-U-235| 92-U-235| 92-U-236 | 92-U-238| 92-U-238
400000 1.40E+07 | 0.0253 400000 | 1.40E+07 | 400000 | 0.0253 400000 | 1.40E+07 | 400000 | 400000 | 1.40E+07

1 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3
2 34 34 3-8 34 34 34 3-6 34 34 34 34 34
3 6-9 6-9
4 8-10 8-12

9-12

12-15

1515

21-21
20 50-52
21 50-57 54-56
22 56-60 50-61 5461
23 56-65 51-64 5357 54-65
24 56-67 52-67 5363 62-63 61-65 54-67
25| 6469 56-69 63-66 63-67 5569 61-68 64-67 54-67 62-69 61-69 55-69
26| 64-72 56-72 62-71 62-72 56-72 61-72 64-72 6370 5571 62-72 61-72 56-72
27 | 6475 59-75 62-75 62-75 5975 61-75 64-75 6374 57-75 62-75 61-75 59-75
28 | 64-78 61-78 62-78 62-78 60-78 61-78 64-78 6377 5878 62-78 61-78 61-78
29| 6580 63-80 63-80 63-80 63-80 63-80 65-80 63-80 61-80 63-80 63-80 63-80
30| 66-83 66-83 66-83 66-83 64-83 66-83 66-83 66-83 63-83 66-83 66-83 66-83
31| 6986 69-86 69-86 69-86 69-86 69-86 69-86 69-86 65-86 69-86 69-86 69-86
32| 72-89 70-89 70-89 70-89 70-89 70-89 72-89 70-89 67-89 72-89 72-89 70-89
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33| 7592 7592 7392 7491 7391 74-92 7592 7591 70-92 7592 7592 7592
34| 7694 76-94 74-94 74-94 74-93 74-94 76-94 76-94 72-94 76-94 76-94 76-94
35| 7997 7997 77-97 78-96 78-96 7997 7997 7997 7597 7997 7997 7997
36 | 80-100 80-100 7999 80-99 80-98 80-99 80-100 80-99 78-100 80-100 80-100 80-100
37| 84101 84-102 82-102 83101 83101 83102 83102 83-102 80-102 84-102 84-102 84-102
38| 84-105 84-105 84-104 84-104 84-103 84-104 84-104 84-104 83-105 84-105 86-105 86-105
39| 89108 89-108 86-108 87-108 87-107 88-108 88-108 88-108 85-108 88-108 89-108 89-108
40| 90110 90-110 89110 90-109 89-109 90-110 90-110 90-110 88110 90-110 90-110 90-110
41| 94113 93112 91-111 92-111 92-110 93112 93112 93112 91-112 93113 94-113 93112
42| 95115 95115 94-114 94-114 94-113 94-114 94-114 95114 93115 95115 95115 95115
43| 99118 99-118 96-117 97-117 97-116 97-117 98117 99-117 96-118 98-118 99-118 98-118
44| 99120 99120 99-119 99-119 99-118 99-119 99-119 99-119 99-120 99-120 99-120 99-120
45| 103122 103122 102121 | 102121 | 102121 | 103122 | 103122 | 103122 | 102122 | 103122 | 103122 | 103122
46 | 105124 105124 102124 | 104124 | 104124 | 104124 | 104124 | 104124 | 104124 | 104124 | 104124 | 104124
47| 109130 109130 109130 | 109130 | 108129 | 109130 | 109130 | 109130 | 108130 | 109130 | 109130 | 109130
48 | 111-132 110132 1106132 | 110132 | 108131 | 110132 | 111-132 | 111132 | 108132 | 111132 | 111-132 | 110132
49| 113135 113135 113135 | 113135 | 112134 | 113135 | 113135 | 113135 | 111135 | 113135 | 113135 | 113135
50| 115137 114137 114137 | 114137 | 112136 | 114137 | 115137 | 115137 | 112137 | 115137 | 115137 | 114137
51| 121-139 119139 119139 | 119139 | 117138 | 119139 | 120139 | 121139 | 117139 | 120139 | 121-139 | 120139
52| 122-142 122-142 121-142 | 121-142 | 119141 | 122142 | 122142 | 122142 | 119142 | 122142 | 122142 | 122-142
53| 126144 125144 124144 | 124144 | 122143 | 124144 | 125144 | 125144 | 122144 | 125144 | 127144 | 126144
54 | 130147 126147 126147 | 128147 | 126145 | 129147 | 126147 | 126147 | 125147 | 126147 | 130147 | 126147
55| 133151 132150 130150 | 131149 | 130147 | 131150 | 132150 | 132150 | 128151 | 132151 | 133151 | 132150
56 | 134153 134153 132152 | 132151 | 132150 | 132152 | 134153 | 134152 | 130153 | 134153 | 134153 | 134152
57| 138155 137155 135154 | 135153 | 134152 | 136154 | 137155 | 137155 | 134155 | 137155 | 138155 | 137155
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58 | 140157 139157 137157 | 138156 | 136154 | 138156 | 139157 | 139157 | 136157 | 139157 | 140157 | 139157
59| 141-159 141-159 140159 | 140158 | 139157 | 141158 | 141-159 | 141-159 | 139159 | 141-159 | 141159 | 141-159
60 | 143161 142161 142161 | 142160 | 141-159 | 142160 | 142161 | 142161 | 142161 | 142161 | 143161 | 142161
61| 147163 147163 145162 | 145162 | 144161 | 146162 | 147163 | 147163 | 145163 | 147163 | 147163 | 146163
62| 147-165 147165 146164 | 146164 | 146164 | 146164 | 147165 | 147165 | 146165 | 147165 | 147165 | 147165
63| 151-166 151-167 151-166 | 151166 | 149166 | 151-166 | 151-166 | 151-167 | 151-167 | 151-167 | 151-167 | 151-167
64| 154167 154169 152167 | 152167 | 150168 | 152168 | 152168 | 154169 | 152169 | 154169 | 154169 | 152-169
65| 159167 158171 157168 | 156169 | 154170 | 157169 | 158169 | 159170 | 157171 | 159171 | 159171 | 157171
66 | 161-167 160172 158169 | 158170 | 157173 | 158170 | 160170 | 160171 | 158173 | 160172 | 160173 | 158173
67| 165167 165173 164169 | 163170 | 160175 | 164171 | 165170 | 165171 | 164175 | 165173 | 165175 | 163175
68 | 166167 166174 166169 | 164170 | 163177 | 166171 | 166170 | 166171 | 166177 | 166173 | 166175 | 164177
69 169174 169169 | 169169 | 166178 | 169171 | 169169 | 169171 | 169179 | 169173 | 169175 | 169179
70 171-174 169180 | 171171 171171 | 171180 | 171173 | 172175 | 170181
71 172181 175180 175175 | 175181
72 175182 177180 177181
73 180-183 181-181
74 182-183
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Z and A-ranges of FPSrom n-induced fission of>*"#¥p, 238:239.240.242%2p; in JEFF-3.1.1

Y4 A ranges

93-Np-237 93-Np-237 | 93-Np-238 | 93-Np-238 | 94-Pu-238 | 94-Pu-238 & 94-Pu-239 | 94-Pu-239 | 94-Pu-240 | 94-Pu-241 | 94-Pu-241 | 94-Pu-242

0.0253 400000 0.0253 400000 0.0253 400000 0.0253 400000 400000 0.0253 400000 400000
1 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3
2 34 34 34 34 34 34 38 34 34 34 34 34
3 6-9
4 6-12
5 11-12
6 8-14
23 5861 57-62
24| 62-62 59-65 60-64 60-65 60-63 60-64 59-63 58-65 59-64 58-64 58-65 57-66
25| 61-67 59-69 60-68 60-69 60-67 60-68 59-67 5868 59-68 58-68 58-69 57-69
26| 61-72 5972 60-72 60-72 60-71 60-71 5971 5872 5972 5872 5872 57-72
27| 61-75 5975 61-75 61-75 61-74 61-75 5975 59-75 59-75 59-75 59-75 59-75
28| 61-78 61-78 61-78 61-78 61-77 61-78 61-78 61-78 61-78 61-78 61-78 61-78
29| 63-80 63-80 63-80 63-80 63-80 63-80 63-80 63-80 63-80 63-80 63-80 63-80
30| 66-83 66-83 66-83 66-83 66-83 66-83 66-83 66-83 66-83 66-83 66-83 66-83
31| 6986 69-86 69-86 69-86 69-85 69-86 69-86 69-86 69-86 69-86 69-86 69-86
32| 7089 70-89 70-89 70-89 70-88 70-89 70-89 70-89 70-89 70-89 70-89 72-89
33| 7491 7492 74-92 7592 7491 7491 7491 7491 7592 7592 7592 7592
34| 7494 74-94 76-94 76-94 74-93 74-94 74-94 74-94 76-94 76-94 76-94 76-94
35| 7997 7997 7997 7997 7896 78-96 7897 7996 7997 7997 7997 7997
36 | 80-99 80-100 80-100 80-100 80-98 80-99 80-99 80-99 80-100 80-100 80-100 80-100
37| 83102 83102 83102 83102 83101 83101 82-102 83102 83102 83102 84-102 84-102
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38| 84104 84-105 84-105 84-105 84-104 84-104 84-104 84-104 84-105 84-105 84-105 86-105

39| 87-106 88-107 88-107 88-107 87-106 87-106 87-107 88-106 88-107 88-107 88-107 89-108

40| 90-110 90-110 90-110 90-110 89-108 89-108 89-110 90-109 90-109 90-109 90-109 90-110

41| 92-112 93112 93113 93112 92-112 92-112 92-112 92-112 93113 93113 93113 93113

42 | 94114 94-114 94-115 94-115 94-114 94-113 94-115 94-114 94-115 94-115 94-115 95115

43| 97-117 97-117 98117 98-117 97-116 97-116 96-117 97-117 98117 98-118 98117 98-118

44| 99119 99119 99-120 99-120 99-119 99-119 99-120 99-120 99-120 99-120 99-120 99-120

45| 102122 103122 103122 103122 102121 102-121 102-122 102-122 103122 103122 103122 103122
46 | 104124 104124 104124 104124 102-124 102-124 102-124 104124 104124 104124 104124 104124
47| 109130 109130 109130 109130 107130 107129 107130 107130 108130 108130 108130 108130
48 | 110132 110132 111-132 111-132 108132 108132 108132 108132 108132 108132 108132 110132
49| 113135 113135 113135 113135 113135 113134 113135 113135 113135 113135 113135 113135
50| 115137 114137 115137 115137 114137 114137 114137 114137 115137 115137 115137 115137
51| 120139 120139 121-139 120139 119139 119139 119139 120139 120139 121-139 121-139 121-139
52| 122-142 122-142 122142 122142 121-142 121-141 121-142 122-142 122142 122-142 122-142 122-142
53| 125144 125144 125144 125144 124144 124144 124144 124144 125144 125144 125144 126144
54| 129147 128147 126147 126147 128146 128146 126-147 128147 128147 126147 126147 126147
55| 132150 131-150 132-150 132-150 131-149 131-148 131-150 131-149 131-150 132151 132-150 132-151
56 | 132152 132-152 134153 134153 132151 132151 132-152 132-151 132152 134153 134153 134153
57| 136155 136-154 137155 136-155 135153 135153 135155 135154 136154 137155 136-155 137155
58| 138157 138157 139157 139157 137156 137155 138157 138156 138157 139157 139157 139157
59| 141-159 141-159 141-159 141-159 140158 140158 140159 140158 141-159 141-159 141-159 141-159
60 | 142161 142161 142161 142161 142160 142160 142161 142161 142161 142-161 142-161 142-161
61| 146163 146163 147163 146163 145162 145162 145163 145163 146163 147163 146163 147163
62 | 146165 146165 147165 147165 146165 146164 146-165 146-165 146165 147165 147165 147165
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63| 151-167 151-167 151-167 151-167 150167 150166 151-167 150167 151-167 151-167 151-167 151-167
64 | 152169 152169 152169 152169 152169 150168 152169 152169 152169 152169 152169 152169
65| 157171 157171 158171 157171 156170 155170 156171 156171 156171 158171 157171 158171
66 | 158172 158173 158173 158173 158172 158172 158173 158173 158173 158173 158173 158173
67| 164173 163174 164175 164175 162-174 161-173 162-175 162-175 162175 163175 163175 164175
68| 164174 164175 166176 164176 164175 164175 164176 164176 164177 164177 164177 164177
69| 169174 169176 169177 169177 169176 168176 169177 168178 169179 169179 169179 169179
70| 171174 171-176 171177 171177 170177 170177 170178 170179 170180 170181 170181 171-181
71 175175 175177 175177 175177 175177 175178 175179 175180 175182 175181 175182
72 177177 177177 177177 177177 177-178 177-179 177180 177182 177181 177182
73 181-181 181-181 181-181
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Z- and A-ranges of FPSrom n-induced fission of**"242M#Am, 243244249 m in JEFF-3.1.1.

4 A ranges

95Am- | 95Am- 95-Am- 95-Am- 95-Am- 95-Am- : 96-Cm- 96-Cm- 96-Cm- 96-Cm- 96-Cm- 96-Cm-

241 241 242M 242M 243 243 243 243 244 244 245 245

0.0253 | 400000 0.0253 400000 0.0253 400000 0.0253 400000 0.0253 400000 0.0253 400000
1 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3 1-3
2 34 34 34 34 34 34 34 34 34 34 34 34
22 56-56
23 56-61 58-60 57-60 57-61 57-61 57-59 57-60 56-60 56-61 5561 56-62
24 | 5864 56-65 57-64 57-65 57-65 57-65 57-64 57-64 56-64 56-65 5565 56-65
25 | 5868 56-69 57-68 57-68 57-68 57-69 57-67 57-68 56-68 56-68 5568 56-69
26 | 5871 56-72 57-72 57-72 57-72 57-72 57-71 57-71 56-71 56-72 56-71 56-72
27 5974 5975 5975 5975 59-75 59-75 59-74 59-74 5974 5975 5975 5975
28 61-77 61-78 61-78 61-78 61-78 61-78 61-77 61-78 61-77 61-78 61-78 61-78
29 63-80 63-80 63-80 63-80 63-80 63-80 63-80 63-80 63-80 63-80 63-80 63-80
30 | 6683 66-83 66-83 66-83 66-83 66-83 66-83 66-83 66-83 66-83 66-83 66-83
31 | 6986 69-86 69-86 69-86 69-86 69-86 69-85 69-86 69-86 69-86 69-86 69-86
32 | 7088 70-89 70-88 70-89 70-89 70-89 70-88 70-88 70-88 70-88 70-88 70-89
33 7491 7491 7491 7491 7491 7592 74-90 7491 7491 7491 7491 74-91
34 74-93 74-94 74-94 76-94 76-94 76-94 74-93 74-93 74-93 74-94 74-93 76-94
35 | 7896 7896 7896 7996 7997 7997 7895 7896 7896 79-96 79-96 7996
36 | 8099 80-99 80-99 80-99 80-99 80-99 80-98 80-98 80-98 80-99 80-99 80-99
37 83101 83101 83101 83102 83102 83-102 83101 83101 83101 83101 83101 83102
38 | 84104 84-104 84-104 84-104 84-104 84-105 84-103 84-104 84-104 84-104 84-104 84-104
39 87-106 87-106 87-106 88-107 88-107 88-107 87-106 87-106 87-106 87-106 87-106 88-107
40 | 89108 90-108 90-108 90-109 90-109 90-109 89-108 89-108 89-108 90-108 90-108 90-109
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41 | 92-110 92-110 92-111 92-111 93111 93111 92-110 92-110 92-110 92-110 92-110 93111

42 | 94114 | 94114 94-115 94-115 94-115 94-115 94-112 94-112 94-113 94-113 94-113 94-113

43 | 97-116 97-116 97-117 97-117 97-118 98-118 96-117 97-117 97-117 97-117 97-118 97-118

44 | 99119 99-119 99-120 99-120 99-120 99-120 99-119 99-119 99-120 99-119 99-120 99-120

45 | 102121 | 102121 102-122 102122 102122 103122 101-122 102-122 102122 102122 102122 102122
46 | 102124 | 102124 104124 104124 104124 104124 102-124 102-124 102124 104124 102124 104124
47 | 107130 | 107130 107-130 107130 107130 108130 106-130 106-129 107130 107130 107130 107130
48 | 108132 | 108132 108132 108132 108132 108132 108132 108132 108132 108132 108132 108132
49 | 113135 | 113134 113135 113135 113135 113135 111134 111134 111-135 111-134 111-135 112135
50 | 114137 | 114137 115137 114137 115137 115137 112136 112136 112137 112137 112137 112137
51 | 120139 | 119139 120139 120139 120139 120139 119139 119138 119139 119139 120139 120139
52 | 122142 | 122-141 122-142 122142 122142 122-142 122141 122141 122142 122141 122142 122142
53 | 124144 | 124144 124144 124144 125144 125144 123144 123143 124144 124144 125144 125144
54 | 128147 | 128146 128147 128147 126147 126147 128146 128146 128147 128146 128147 128147
55 | 131-149 | 131-149 131-149 131-149 132150 132150 131-148 130148 131-149 131-149 131-149 131-149
56 | 132151 | 132151 132-152 132151 134152 132-152 132151 132-150 132151 132151 132152 132151
57 | 135154 | 135153 136-154 135154 136-155 136154 135153 134153 135154 135153 136154 135154
58 | 138156 | 137-156 138157 138156 139157 138157 137155 137155 138156 137156 138156 138156
59 | 140158 | 140158 141-159 140158 141-159 141-159 139158 139157 140158 140158 140159 140159
60 | 142161 | 142160 142-161 142-161 142-161 142-161 142-160 142-160 142161 142-160 142161 142161
61 | 145163 | 145163 146-163 145163 146163 146163 145162 144162 145163 145163 145163 145163
62 | 146165 | 146165 146165 146165 146165 146165 146165 146164 146165 146165 146165 146165
63 | 150167 | 150167 151-167 150167 151-167 151-167 150167 149167 150167 150167 150167 150167
64 | 152169 | 150169 152169 152169 152169 152169 150169 150169 150169 150169 152169 152169
65 | 155171 | 155171 156171 156171 157171 156171 155171 154171 155171 155171 156171 155171
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66 | 158173 | 158173 158173 158173 158173 158173 158173 157173 158173 158173 158173 158173
67 | 161-175| 161-175 162175 161-175 163175 162175 160175 160175 161-175 161-175 161-175 161-175
68 | 164177 | 163177 164177 164177 164177 164177 163177 163177 164177 163177 164177 164177
69 | 168179 | 167179 168179 168179 169179 168179 166179 166179 167179 166179 167179 167179
70 | 170180 | 170181 170181 170181 170181 170181 170181 169180 170181 170181 170181 170181
71 | 175181 | 173182 175182 175182 175183 175183 173182 172182 173183 173183 174184 174184
72 | 176181 | 176183 176182 176182 176184 176184 176183 176183 176185 176184 176187 176187
73 | 181-181 | 181-183 181-181 181-181 181-184 181-184 181-184 181-184 181-185 180185 181-187 181-187
74 182183 182184 182184 182184 182184 182185 182185 182187 182187
75 185185 185185 185187 185187
Z- and A-ranges ofFPs from spontaneous fission of**?*Cm, and **°Cf in JEFF-3.1.1
4 A ranges y4 A ranges Y4 A ranges Y4 A ranges
96-Cm- | 96-Cm- 98-Cf-252 96-Cm- | 96-Cm- 98-Cf-252 96-Cm- | 96-Cm-244 | 98-Cf-252 96-Cm- 96-Cm-244 | 98-Cf-252
242 244 242 244 242 242
1 1-3 1-3 1-3 31 | 6985 69-85 69-86 50 | 112136 | 112137 112137 | 69 | 166178 | 167-179 167179
2 3-4 3-4 3-8 32 | 7087 70-88 70-88 51 | 119138 | 120139 118139 | 70 | 169179 | 170181 170181
3 6-8 33 | 7390 7491 7591 52 | 121141 | 122142 125142 | 71| 173181 | 174183 174184
23 57-59 34 | 7493 74-93 76-94 53 | 123143 | 124144 127144 | 72| 176181 | 176184 176187
24 | 5863 57-64 59-64 35 | 7895 78-96 7996 54 | 127145 | 128146 130147 | 73 | 181-181 | 181-184 180189
25 | 5867 57-68 59-68 36 | 8098 80-98 80-99 55 | 130148 | 131-149 132150 | 74 182184 182189
26 | 5870 57-71 59-71 37 | 82100 | 83101 83102 56 | 130150 | 132151 134152 | 75 185189
27 | 5973 5974 59-75 38 | 84103 | 84-104 84-104 57 | 134152 | 135154 136155 | 76 188189
28 | 61-77 61-77 61-78 39 | 87-105 | 87-106 88107 58 | 136155 | 137156 138157
29 | 6379 63-80 63-80 40 | 89108 | 90-108 90-109 59 | 139157 | 140158 141-159
30 | 66-82 66-83 66-83 41 | 91-110 | 92111 93111 60 | 141-159 | 142161 142161
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42 | 94-112 | 94113 94-114 61 | 144162 | 145163 146163
43 | 96-116 | 97-117 97-117 62 | 146164 | 146165 146-165
44 | 99118 | 99119 99-120 63 | 149166 | 150167 151-167
45 | 101-121 | 102-122 102-120 64 | 150168 | 150169 152-169
46 | 102123 | 102-124 104124 | 65 | 154170 | 155171 156171
47 | 106128 | 107-130 107130 66 | 157172 | 158173 158173
48 | 108131 | 108132 108132 67 | 160174 | 161-175 162-175
49 | 111-133 | 111-134 112135 68 | 163176 | 164177 164177
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APPENDIX 4: Z- and A- ranges of FPs from ninduced of**>**U,*®u updated in CENDL-1998

Z A ranges

92-U-235 92-U-235 | 92-U-235 | 92-U-238 | 92-U-238 | 94-Pu-239 | 94-Pu-239 | 94-Pu-239

0.0253 500000 1.40E+07 | 500000 1.40E+07 | 0.0253 500000 1.40E+07
22 66-66 66-66
23 | 66-68 66-68 66-68 66-69 66-69 66-67 66-67 66-67
24 | 66-70 66-70 66-70 66-71 66-71 66-70 66-70 66-70
25 | 66-73 66-73 66-73 66-74 66-74 66-72 66-72 66-72
26 | 66-76 66-76 66-76 66-77 66-77 66-76 66-76 66-76
27 | 66-78 66-78 66-78 66-79 66-79 66-78 66-78 66-78
28 | 66-82 66-82 66-82 66-82 66-82 66-82 66-82 66-82
29 | 66-83 66-83 66-83 66-84 66-84 66-82 66-83 66-83
30 | 66-86 66-86 66-86 66-87 66-87 66-86 66-86 66-86
31| 6688 66-88 66-88 66-89 66-89 66-87 66-87 66-87
32 | 6691 66-91 66-91 66-92 66-92 66-90 66-90 66-90
33 | 6993 69-93 69-93 69-94 69-94 69-92 69-92 69-92
34 | 72-96 72-96 72-96 72-97 72-97 72-96 72-96 72-96
35 | 7598 7598 7598 75-100 75-100 7597 7597 7597
36 | 77-101 77-101 77-101 77-102 77-102 77-100 77-100 77-100
37 | 79103 79-104 79-103 79-105 79-105 79-103 79-103 79-103
38 | 83108 83-108 83-108 83-109 83109 83105 83-105 83-105
39 | 85110 85110 85110 85111 85111 85108 85-108 85-108
40 | 87-112 87-112 87-112 87-114 87-114 87-112 87-112 87-112
41 | 89115 89115 89115 89-116 89-116 89-114 89-114 89-114
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