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ABSTRACT 

Review articles are in preparation for the 2003 edition of the CRC‘s Handbook of Chemistry and 
Physics dealing with both non-neutron and neutron nuclear data. Higblights include: withdrawal 
of the claim for discovery of element 118; new measurements of isotopic abundances have led to 
changes for many elements; a new set of recommended standards for calibration of y-ray energies 
have been published for many nuclides; new haW-life measurements reported for very short lived 
isotopes, many long-lived nuclides and pp decay measurements for quasi-stable nuclides; a new 
reassessment of spontaneous fission (sf) hal€-lives for ground state nuclides, disthquishing half- 
lives &om sf decay and cluster decay half-lives and the new cluster-fission decay; charged particle 
cross sections, (n,p) and (&a) measurements for thermal neutrons incident on light nuclides; new 
thermal (n,y) cross sections and neutron resonance integrals measured. Details will be presented. 

1. Introduction 

The published literature is scanned and periodically evaluated for nuclek data. For non-neutron nuclear 
data, all pertinent information on the isotopic masses, atomic weights, isotopic composition, radioactive half- 
lives, alpha particle, beta, proton, positron, isomeric transition energy and branching ratios, gamma-ray 
energies and intensities, nuclear @ i  parity, magnetic dipole and electrical quadrupole moments and other 
nuclear inf0r;ltation are reviewed and ‘ k t  values” r;re’recommenaed and published in the Chemical Rubber 
Company:s (CRC) Handbook of Chemistry and Physics review article ?Table of the Tsotopm[l I. 

For neutron nuclear data, cross sections for thpmal energy (room temperature) re‘.actions, resonance 
integrals, scattering lengths and Ma%wellian av&iged neutron cross Sections at an energy of 30 keV for 
astrophysical applications are reviewed and “best values” are rewmmended and published in the CRC’s 
Handbook of Chemistry and Physics review article “Neutron Scattering and Absorption Propeities”[2]. 

nuclear data and the neutron nuclear data. Cautions in applying these data will also be noted 

2. Elements and Nuclides 

Recent changes in the recommended data and their significance will be discussed for both the non-neutron 

The most significant change in the past few years has been the claim of discoveay for the element 2 = 116 
and the element 2 = 118 in an April 1999 experiment at the Lawrence Berkeley National Laboratory (LBNL) 
and then the subsequent withdrawal of this claim in 2001, along with the supporting data because the original 
data could never be confirmed by LBNL or any other Lab. LBNL officials now allege the original discovery 
of these elements was based on fabricatd research[3]. Independent research at the Flerov Joint Institute for 
Nuclear Research at Dubna and the Lawrence Livemore Laboratory has since claimed the discovery of a 
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different nuclide of element 2 = 116. Although Dubna now notes[4] that a single atom of element 1 18 
appears in their preliminary data, there is no claim made for element Z = 118, as yet. Thus, element Z =118 
has to be removed fiom the list of known elements at this time. 

There have been a number of new short-lived nuclides discovered, which are basically located far fiom 
the line of beta stability. In the past half dozen years, there have been 459 new nuclides to bring the total 
number of nuclides to 2975, which does not include electromagnetic isomers. The newly discovered nuclides 
have been found with 40% on the neutron deficient side of stability (lighter masses of an element) and 60% 
on the neutron excess side (heavier masses of that element). This ratio has not been systematic throughout the 
periodic table. For the light and medium weight elements up to Z = 70,2 out of 3 new nuclides have been 
discovered on the neutron excess side, while for the heavier elements, 2>70,3 out of 4 new nuclides have 
been found on the neutron deficient side of stability. For many of these nuclides, some radiation has been 
followed to allow an estimate of the radioactive half-life but in other cases only the existence of the nuclide 
fiom its mass and charge has been made. 

3. Isotopic Composition of the Elements 

Changes in the isotopic composition of the elements have an impact on the neutron activation of foils 
used in radiation dosimetry. The foil that is irradiated usually has a n o d  composition of the naturally 
Occurring stable isotopes of that element. The reaction rate that is measured will depend on what the natural 
abundance is for the stable isotope undergoing the reaction in the foil. This is necessary Xormation, whether 
a neutron is incident for (qy), (%a) or (qp) reactions and whether a neutron's enera is slow, intermediate or 
fast. Activation analysis is a special use of isotopic abundauces. Abundan& are normalized to unity so the 
number of sisnificant digits in the major isotope often requires truncation in the number of significant digits 
(lost information) in the minor isotope, which is usualry the one isotope of interest for activation purposes. 

In recent years, the isotopic composition of the chemical elements have been revised to better fit the 
average properties for the elements. The philosophy ish examine the total range in nature of the abundance 
for each isotope of a given element and then to position the recommended value as the mid-point of this total 
range, independent of the values for the most common source of the element. One of the results is the much 
larger unmtainty assigned to the mean value compared to previous values. Hydrogen would be an example, 
where the deuteqium content had previously been quoted for ocean water and fiesh water with a value of 150 
parts-per-million (ppm) and an uncertain@ of 10 ppm, The deuterium abundance is now quoted as 115 ppm 
with an uncertainty of 70 ppm because of the deuterium values available in nature, now 
,includes eleqolytic hydrogen, where the is 45 ppm. This isotopic fractionation effect is 
mostly seen among the Pght elements, where the pqcekses of natm-6 are mass dependeIit. The variations of 
isotopic abmdayx for s e l d  elements have been reviewed recently[5]. The abundance values for some of 
the elements that have changed &tly (either due to new measurements or to variations in the range) can be 
seen in Table 1. Many of the abundance changes have been very small-or have only impacted themcehinty 
in the abundance and not the abundance value itself. These types of changes are not listed "us the Table below. 

. In the c k  of os6um as presented in the Table, it'should be noted that the isotopic composition as it is 
listed applies only.to e osmium source &t has beeam equilibrium with a rhenium parent over a very long 
period of time compared to the half-life of rhenium-187, i.e., 1O'O years. The isotopic abundance values that 
are provided in the Table cOfzeSpOnd to the best measurement of a single source of osmium. The beta decay 
of the rhenium-187 produces additional amounts of osmium-187. However, if a given osmium sample of 
interest was rhenium fke, then the isotopic composition for that osmium sample would appear sisnificantly 
different in terms of the abundance values. There would have been no rhenium487 decay to osmium-187 and 
the abundance value of that osmium-187 would be reduced from 1.96 % to 1.6 % There would also be 
changes for the other osmium isotopes, generally leading to increased-yalues. 

Osmium is not the only element which benefits from Woactive deciy of an isotope of another element. 
Strontium has been fomd in nature in a rubidium sample, where isotopic cdmposition of strontium in the 
sample was 100 % for the strontium-87 isotope, rather than about 7.0 % strontium-87. This would be due to 
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Table 1. Revised Isotopic Abundance Values in Atom Percent for Some Elements 
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the beta decay of rubidium-87, which also has a radioactive half-life of about 10" years. The strontium 
isotopic composition which is usually quoted is given for rubidium-free strontium, since there are many single 
sources of strontium for which the isotopic abundance values have been measured. 

4. Radioactive Half-lives of Nuclides 

The radioactive half-life is of interest to reactor dosimetty because the half-life of the product nucleus in 
a nuclear reation has a direct impact on the determination of the reaction rates. For a given count rate, the 
reaction rate is inversely proportional to the half-We of the meamred product nucleus. In recent years there 
has been a significant interest in the possible decay modes of the stable isotopes of the chemical elements. 

been recent attempts to determine the decay rate for exotic reactions such as proton decay, p-p' decay, p'p' 
decay, double electron capture decay, EcPf decay, as well as long-lived a decay and long-lived p- decay. An 

For the very long-lived nuclides (many of which have always been considered stable isotopes) there have 

. Table 2. Radioactive Half-lives and Decay Modes of Long-lived (Quasi-stable) Nuclides 
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evaluation of these reactions has been perfOrmed[6] and some of the results are listed in Table 2 above. The 
cutoff lifetime for inclusion in the Table was the stellar age[7]. E a  nuclide has a half-life greater than the age 
of the universe, 12.5 billion years (lo9 y), it is listed. 

Some of the upper limit values in the Table are due to pp decay measurements and to the search for charge 
non-conservation (CNC), a violation of charge conservation, i.e., 71Ga and 73Ge p decays. p decay in 71Ga is 
energetically forbidden but in CNC, no electron is emitted and its rest mass energy of 5 11 keV is available as 
extra decay energy. CNC decay energy is +275 keV, while it is -236 keV for the CC p decay. The 71Ga solar 
neutrino experiments placed an upper limit of 3.5.1Oz6 years on this p decay[8], so CNC has not yet been 
observed. pp decay can occur where p decay is energetically forbidden or strongly suppressed due to a large 
change of spin with little energy available. 2 electrons (and possibly 2 anti-neutrinos) are emitted. If there are 
no neutrinos (Ov) emitted, lepton number is not conserved. v can be a Majorana particle (if identical to its 
anti-particle) or a Dirac particle (distinct fiom its antiparticle). For Ov pp decay, neutrinos must be Majorana 
particles while Dirac particles requires 2v. Only 2v pp decays are listed in Table 2, since OV pp decay have 
only had upper limits measured up to now. A recent measurement[9] claims to have observed a Ov pp decay 

Table 3. Spontaneous Fission Branching Ratios in Percentage 
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in 76Ge with a half-life of 1.5.1025 years, which implies lepton non-conservation and a mass for v of 0.39 eV. 
Other researchers disagree and suggest this claim is based on flawed analysis of data. 

273~110 

alllo 

5. Other Nuclear Information 

118ms adecay 9.73MeV zBol10 = 7.5 sec spon.fiss. 

1.1min adecay 8.83MeV 
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6. Thermal Neutron Cross Sections and Resonance Integrals 

Since the last edition of the Neutron Cross section book[l5] (previously called BNG325), there have 
been significant changes in many neutron cross section values. At thermal neutron energies, there are also a 
large number of charged particle reactions, such as the (qp) and (qa) reactions for a number of nuclides tha 
had not previously been measured. In many cases, the target nuclide for the charged particle reaction is now 
radioactive. Some examples of these new charged particle cross sections as well as new or revised capture 
cross sections at thermal energies are given in the following Table 5 below. The cross section values are listed 
in units of barns (b) which is cm2 or in units of milli-barns (mb) = cm2. The uncertainty in the value 
is listed in parentheses following the value. 

It can be noted that cross section and resonance integrd values can vary significantly, ifthere is a large 
resonance in the thermal energy region. Measurements, which use a cadmium cover to separate these two 
quantities, can vary the effective neutron energy cutoff and lead to vastly different answers as in the cases of 
Am-241,242m, Cd-113, Gd-155,157, Sm-149. Usingpointwise cross section data at 0.0253 eV and the 
integration over the neutron resonance energy region is a p r e f d  method to cadmium ratios for extracting 
the thermal neutron cross section and the neutron resonance integral, respectively, in these cases. 

Table 5. New or Revised Thermal Neutron Cross Sections 

7. Discussion and Conclusions 

Values for many of the parameters that are used in reactor dosimetry have changed over the years. In this 
review, the topics of newly discovered elements and nuclides, revised isotopic abundance values, some recent 
measurements of radioactive half-lives and new or revised measurements of neutron cross sections have been 
discussed. The impact of some recent measurements on some fundamental physics problems have also been 
examined. Finally, there was a discussion of some issues that users of these data should be aware oE when 
they select the above mentioned parameters for use in reactor dosimetry fiom various books or tables. 

half-life measurement and NO violation has yet been seen. A claim has been made fiom the Ov PP decay of 
76Ge that lepton number conservation has been violated and a mass of 0.39 eV for the neutrino has been 
finally been measured. Attempts to verify this measurement will no doubt be made. A new decay mode of 
cluster-fission for very heavy nuclides with emission of 208Pb and the remaining cluster fiom the compound 

Conclusions include the search for charge non cmservation reactions has led to only an upper limit on the 
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nucleus has been claimed. Finally, element Z=118 that was claimed to have been discovered recently has now 
been retracted and element Z=116 is the heaviest element in the Periodic Table at the moment. 
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