arXiv:2102.03846v1 [astro-ph.HE] 7 Feb 2021

DRAFT VERSION FEBRUARY 9, 2021
Typeset using IATEX twocolumn style in AASTeX63

LA-UR-21-20819

Isochronic evolution and the radioactive decay of r-process nuclei

T. M. SPROUSE

,1'2 G. WENDELL MISCH

023 AND M. R. MUMPOWER (2123

1 Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM, 87545, USA
2 Center for Theoretical Astrophysics, Los Alamos National Laboratory, Los Alamos, NM, 87545, USA
3 Joint Institute for Nuclear Astrophysics - Center for the Evolution of the Elements, USA

(Received February 4, 2021; Revised February 9, 2021)

Submitted to Astrophysical Journal

ABSTRACT

We report on the creation and application of a novel decay network that uses the latest data from
experiment and evaluation. We use the network to simulate the late-time phase of the rapid neutron
capture (r) process. In this epoch, the bulk of nuclear reactions, such as radiative capture, have ceased
and nuclear decays are the dominant transmutation channels. We find that the decay from short-lived
to long-lived species naturally leads to an isochronic evolution in which nuclei with similar half-lives
are populated at the same time. We consider random perturbations along each isobaric chain to initial
solar-like r-process compositions to demonstrate the isochronic nature of the late-time phase of the
r-process. Our analysis shows that detailed knowledge of the final isotopic composition allows for the
prediction of late-time evolution with a high degree of confidence despite uncertainties that exist in
astrophysical conditions and the nuclear physics properties of the most neutron-rich nuclei. We provide
the time-dependent nuclear composition in the Appendix as supplemental material.
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1. INTRODUCTION

The physical mechanisms for the creation of the heavy
elements range from the slow (s) to the rapid (r) cap-
ture of free neutrons on nuclei among the stars (Cameron
1957; Burbidge et al. 1957). The s process synthesizes
heavier nuclides in environments where the timescale for
neutron capture is much slower than the g-decay half-
lives of participating nuclei (Seeger et al. 1965; Sneden
et al. 2008). In contrast, the r process initially builds
heavier nuclei on a fast timescale relative to the short
B-decay half-lives of neutron-rich species (Mathews &
Cowan 1990; Freiburghaus et al. 1999). As the available
neutrons in the environment are depleted, nuclei decay
back to stability, releasing energy that may generate an
observable signal (Li & Paczyriski 1998; Metzger et al.
2010; Abbott et al. 2017). The r process is the only nu-
cleosynthesis process capable of producing the heaviest
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elements found in nature (Goriely & Martinez Pinedo
2015; Zhu et al. 2018; Holmbeck et al. 2019a; Giuliani
et al. 2020; Wang et al. 2020).

Despite its importance, a complete description of the
r process remains the subject of continued research, as
reviewed in Horowitz et al. (2019); Kajino et al. (2019);
Arnould & Goriely (2020). One of the greatest barriers
to constructing a more complete picture of the r process
is the large uncertainties in properties of the thousands
of participating nuclei (Arnould et al. 2007). Reducing
uncertainties is complicated by the fact that the miss-
ing data required to model the r process primarily reside
in unexplored regions of the nuclear chart where nuclei
exist for only fractions of a second before decaying (Hos-
mer et al. 2005; Sun et al. 2008; McDonnell et al. 2015;
Schunck et al. 2015).

Sensitivity studies isolate the nuclei whose uncertain-
ties may have the highest impact on r-process simula-
tions and provide researchers with a targeted means to
focus future measurement campaigns (Aprahamian et al.
2014; Surman et al. 2014; Mumpower et al. 2014, 2016b).
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Studies of decay properties (half-lives and branching ra-
tios) have identified select areas near closed shells and
far from stable isotopes (Surman et al. 2015). Experi-
mental efforts to study these properties have improved
predictions from r-process simulations (Spyrou et al.
2016; Dillmann & Tarifeno-Saldivia 2018; Lyons et al.
2019; Wu et al. 2020) but have not yet reached the most
influential nuclei (Mumpower et al. 2014). Other nuclear
properties relevant to the r process—e.g. binding ener-
gies (Orford et al. 2018; Tang et al. 2020; Vilen et al.
2020) and cross sections (Liddick et al. 2016; Spyrou
et al. 2017; Bliss et al. 2017)—present their own obsta-
cles to measurement (Cowan et al. 2019).

Where experimental or evaluated data (Wang et al.
2017; Audi et al. 2017; Brown et al. 2018) are not
available, nuclear theory must fill in the gaps all the
way out to the neutron dripline (Erler et al. 2012;
Neufcourt et al. 2020; Tsunoda et al. 2020). Shell
model calculations supply accurate estimates for nuclei
near closed shells (Martinez-Pinedo & Langanke 1999;
Cuenca-Garcia et al. 2007; Suzuki et al. 2012; Zhi et al.
2013). Outside these regions, global calculations such
as the Finite-Range Droplet Model can supply needed
nuclear quantities (Moller et al. 2016; Mumpower et al.
2016a, 2018; Moller et al. 2019; Mumpower et al. 2020;
Vassh et al. 2020). Modern microscopic calculations
have also made significant advancements in the descrip-
tion of properties of heavy nuclei (Marketin et al. 2016;
Shafer et al. 2016; Baldo et al. 2017; Bulgac et al. 2018;
Ney et al. 2020). Despite these broad and varied theoret-
ical techniques, much remains to be explored regarding
the structure of neutron-rich nuclei (Giuliani et al. 2018;
Vassh et al. 2019; Sprouse et al. 2020b).

In this work, we focus on understanding the late-time
radioactive decay of r-process nuclei that occurs after
the capture of free neutrons has completed. This epoch
of the r process is notable from a modeling perspective
as it involves nuclei with the most experimentally veri-
fied properties among r-process participants (Timmes
et al. 2019; Korobkin et al. 2020). We simulate the
post-neutron-capture phase using a novel decay network,
Jade, that handles nuclear decays and transitions be-
tween excited states as detailed in Sec. 2. We discuss
the isochronic nature of the evolution (Sec. 3) that arises
when neutron-rich nuclei with short half-lives decay into
longer-lived products. We provide snapshots of the nu-
clear composition as a function of time for use in future
studies.

2. METHODS
2.1. Modeling Radioactive Decay Nucleosynthesis

In a system composed of atomic nuclei, and for which
the system’s temperature, density, and related quan-
tities are well defined, the nuclear abundances follow
a generalized set of equations as variously presented,
e.g., in Hix & Thielemann (1999); Lippuner & Roberts
(2017); Sprouse et al. (2020a). When the astrophysi-
cal conditions are not sufficient for nuclear reactions to
proceed, the network equations simplify to

ay; ;

L ¥ A —)\iﬂ'(t)}/i,j(t) +

o Z PZ:{MJ(t)Yk,z, (1)

(k1) #(i,5)

where ¢ indexes unique nuclear species, j indexes the
ground and long-lived excited states of species i, A; ;(t)
is is the total decay rate of species Y; ; and allowed to
depend generically on time, ¢, and the summation over
(k,1) is taken over all species which decay into species
(i,7) with branching ratio Pp7.

A system described by Eq. lisa linear, ordinary, first-
order, and homogeneous system of differential equations.
It may be solved as an Initial Value Problem using any
number of numerical and/or exact techniques. Under
specific conditions, the Bateman Equations (Bateman
1908) and its generalizations (Furuta et al. 1987; Wilson
et al. 1998) provide an exact, analytical solution for the
Y; ;(t), but these approaches are not always appropriate,
as cancellation errors can arise whenever \; ; = A, and
they are not applicable for systems in which both the
forward (i,7) — (k,1) and reverse (k,l) — (¢,7) transi-
tions between nuclear states (i,7) and (k,1) are allowed
to occur (Thomas & Barber 1994), although alternate
constructions have been proposed that aim to overcome
these limitations (Cetnar 2006).

Alternatively, the matrix exponential offers a natural
method for solving Eq. 1. If we construct the rate ma-
trix, A, with entries

Am,n = _/\m(sm,n + Z P»:Ln)\n(l - 5m,n) ; (2)

where m and n enumerate the unique (4, j) pairs in the
decay network, and the sum over n is taken over all
species which decay to produce species m. The 6,
is the Kronecker § function and separates the negative
diagonal elements of A, representing the destruction of
nuclei, from the positive off-diagonal elements of A, rep-
resenting the production of nuclei. With the matrix A

thus defined, Eq. 1 may be recast as
A
— =AY 3
a7 3)

.
where Y is a column vector of nuclear abundances whose
m-~th entry is the abundance of nuclear species m.
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If we allow for some time-dependence to the matrix
A, for example temperature-dependent transition rates
in a non-constant thermal environment (Ward & Fowler
1980; Coc et al. 2000; Misch et al. 2020, 2021), then
the solution can be explicitly obtained using the matrix
exponential as

V(1) = exp ( /t t A(t’)dt’)?(to) , (1)

where the integral is performed element-wise on A, and
the matrix exponential is defined for any square matrix
A as the infinite series

expA = Z o (5)
i=0

If we restrict ourselves to problems where A is constant
in time, then the solution to Eq. 3 reduces to

V(t) = exp ((t —to) - A)?(to) . (6)

In exchange for greater flexibility (compared to meth-
ods aimed at exact solutions), approaches based on Eq. 6
suffer from well-known difficulties associated with the
evaluation of the matrix exponential (Thomas & Bar-
ber 1994; Yamamoto et al. 2007). For example, if Eq. 5
is invoked directly, and the summation truncated to a
finite number of terms, convergence can be poor, and
the accuracy of the solution is subject to roundoff er-
rors associated with summing a large number of nega-
tive and positive terms. In general, the restriction to
smaller timesteps may be associated with greater nu-
merical precision overall, in exchange for a larger num-
ber of timesteps being required to evolve a system over a
given period of time. As we detail in Sec. 2.2, we adopt
an adaptive refinement procedure based on this general
strategy.

2.2. The Jade Decay Network Solver

In this section, we provide an overview of the Jade
decay network solver. We discuss here only the means
by which the abundances Y; ; associated with a nuclear
composition may be evolved from an initial state at time
t =ty to a final time ¢ = ty, as other quantities of inter-
est to the r process evolution, such as total and effective
nuclear self-heating rates, can be directly obtained once
the abundances are known.

Jade begins by enumerating a discrete list of timesteps
to,t1,...,ty for which we wish to solve for the abun-
dances Y. At each timestep t;, the abundances can be
evolved from ¢; to t;11 by evaluating Eq. 6, namely

V(tio1) = exp ((ti+1 ) A)?(ti) (7)

For the matrix exponential, we incorporate the current
SciPy implementation (Virtanen et al. 2020) which is
based on a scaling-and-squaring technique (Al-Mohy &
Higham 2010) that has been successfully applied in a
variety of decay network studies similar to the type con-
sidered here (Moler & Van Loan 2003; Pusa & Leppénen
2010; Gauld et al. 2011). In the interest of preserv-
ing numerical accuracy, it is necessary to limit the total
timestep size, At = t;11 — t;, to smaller values when
faster rates are included among the entries in the ma-
trix A. We adopt a similar approach as has been im-
plemented in the Oak Ridge Isotope GENeration (ORI-
GEN) series of codes (Bell 1973; Croff 1980; Gauld et al.
2011), where we limit the maximum timestep size At to
an amount inversely proportional to the matrix 1-norm
of A,

At-fAh <C, (8)

for some constant C. For the applications considered
in this work, we have found C' ~ 100 to strike a good
balance between numerical accuracy while avoiding the
need for prohibitively short timesteps.

We adaptively refine the terms appearing in A to allow
the evolution to progress to longer and longer timescales
according to the relationship in Eq. 8. In particular, at
each timestep t;, we consider the set of nuclear species
with nonzero abundances, i.e., the non-zero elements of
?(t,) By traversing all possible decay products that
may be produced at later times by only these popu-
lated nuclear species, we can eliminate all transitions
not associated with this set of possibly-populated nu-
clear species from the rate matrix. In general, shorter-
lived nuclei will completely decay away at early times, so
at later times, we only need to track the effects of long-
lived nuclei. By restricting the elements of A to only
those associated with these longer-lived nuclei, we can
accurately capture their evolution with comparatively
longer individual timesteps.

Non-constant decay rates can also be naturally incor-
porated into the solution for Y (¢) as might be neces-
sary, for example, when thermally-induced nuclear tran-
sitions may arise in high-temperature astrophysical en-
vironments (Misch et al. 2020) . The strategy imple-
mented in Jade approximates the (time-dependent) de-
cay rates A as constant over each timestep. This im-
poses a separate upper bound on the maximum timestep
size, At, so that all of the A, ;(t;) = i j(ti+1). For the
applications we consider in this work (the r process)
the transition rates A are non-constant only in the first
~ 100 seconds of the evolution, after which they be-
come constant, and the timesteps are no longer subject
to this particular constraint. As such, this maximum
timestep constraint does not seriously impede our abil-
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ity to evolve nuclear abundances in these environments
over much longer timescales.

2.3. Nuclear Data Considerations

For the calculations presented in Sec. 3, we implement
a mixture of experimental, evaluated and theoretical nu-
clear data. We constrain our simulations to medium-
mass nuclei produced immediately following an r pro-
cess with mass numbers 69 < A < 204. During their
subsequent decay towards stable nuclei on much longer
timescales, relevant decays are mostly restricted to nu-
clear 8~ decays and -~y transitions between long-lived
states of nuclei. Wherever available, we source our 5~
decay rates from the NuBase (2016) and ENDF-B-VIIIL.0
compilations (Audi et al. 2017; Brown et al. 2018). For
nuclei where this data is unavailable, we take the de-
cay rates calculated using the Los Alamos Quasi-particle
Random Phase Approximation plus Hauser-Feshbach
framework (Mumpower et al. 2016a; Moller et al. 2019).

2.4. Numerical Accuracy

We compare the numerical solution to Eq. 1 obtained
with the aforementioned Jade decay network to an exact
solution provided by the Bateman Equations. For this
test scenario, we consider the evolution of a unit abun-
dance (Y = 1) of material with mass number A = 130
located near the neutron dripline, 30Sr. We find the
two solutions to be in good agreement, with the solu-
tion obtained using Jade (blue lines) reproducing the
exact solution (black dots) over a range of timescales
(milliseconds to days) and abundance (1074 <Y < 1).
Other isobaric chains express equally good agreement.
For the calculations presented in Sec. 3, the total so-
lution may be considered as a superposition of many
calculations similar to that considered here, and thus
we obtain similar accuracy for these ‘complete’ simula-
tions. We restrict ourselves to a single decay chain for
the present analysis strictly in the interest of readability
of Fig. 1.

3. RESULTS

In this work, we focus on the evolution of nuclear
abundances in newly-synthesized nuclei in the period
immediately following an astrophysical r-process event.
To begin our analysis, we consider an initial composi-
tion placed along the one-neutron dripline as predicted
by the FRDM2012 mass table (Moller et al. 2016). The
abundance of each nuclear species is then set such that
they decay to reproduce the solar isotopic r-process
residuals reported in Arnould et al. (2007). We time-
evolve these abundances with the Jade decay network
over a sequence of timesteps spanning the first 10 years
(~ 3 x 10% s) of radioactive decay of this system.

In Fig. 2, we plot the abundances of our r-process
composition at 1 second, 1 minute, and 1 hour into its
evolution. In the first snapshot, at ¢t = 1 s, the abun-
dances are dispersed over a broad region of the chart
of nuclides. However, at successively later times, the
abundances become increasingly focused within a nar-
rower range of nuclei — between one and five nuclear
species — populated along each isobar at the first hour
of evolution.

At least in principle, our ability to time-evolve the de-
cay of r-process nuclei should be limited by our knowl-
edge of the distribution of abundance across the many
different nuclear species that may be involved in the
early-time (dynamic) phase of the r-process. However,
we show for the first time that a detailed understanding
of this early-time evolution is not necessary to confi-
dently simulate the radioactive decay of these nuclei at
later times (¢ > 1 minute), provided the final isotopic
abundances of the composition are known.

To support this assertion, we introduce the idea of
isochronic evolution of radioactively decaying systems.
If we consider a number of short-lived nuclei belonging
situated on a common decay series, then they will tend
to decay in the short-term in a way that populates a
large number of nuclear species with roughly compara-
ble half lives. On longer timescales, however, the decay-
ing system will inevitably populate a species with much
longer half life than was present in the initial composi-
tion; the entirety of the composition will populate it on
a variety of (short) timescales, but the longer half life of
this species causes material to saturate its abundance.
From this point in the evolution onward, there is no hys-
teresis regarding the precise distribution of abundance
in the initial composition, resulting in an effective ‘loss
of information’.

To illustrate this, we consider the decay of nuclei along
the A = 195 mass chain, where we consider two sets
of initial conditions. In the first case, we set a unit
of abundance on the one-neutron dripline (cerium 195,
t12=0.6 ms); in the second case, we set a unit of abun-
dance six S~ decays closer towards stability (gadolin-
ium 195, ¢/, = 7.4 ms). For both compositions, we
plot in Fig. 3 the abundances as a function of time for
three isotopes along the A = 195 isobar (terbium 195,
t1/2 = 7.8 ms; thulium 195, ¢;,5 = 37 ms; and tantalum
195, t1/2 = 800 ms.) At early times, ¢ < 1 s, nuclei with
relatively short half lives dominate the composition, and
the abundances for the two different initial composi-
tions are in poor agreement. However, at later times
(t > 1s) when comparatively longer-lived nuclei first
begin to be populated, both compositions begin to co-
alesce to a common value, with only nominal relative
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Figure 1. Comparison of Jade decay network solver with exact solution obtained by evaluating Bateman Equations for
isotopes along the A = 130 mass chain, beginning with a unit of abundance located near the neutron drip line at ¢t = 0. The two
approaches are in excellent agreement across a large range of scales in time (1073 s<t<10° s) and abundance (10714 <Y <1).

discrepancies exhibited by the two sets of tantalum 195
abundances. For even longer-lived nuclei that are pop-
ulated at later times, the two sets of abundances come
into even better agreement. We define the isochronic
evolution of these compositions to be that period of time
in which abundances tend to be similar, regardless of the
specific arrangement of abundance across their shorter-
lived progenitors.

To explore the robustness of the isochronic evolution
in r process compositions, we explore the temporal evo-
lution of nuclear abundances for one million randomly
selected nuclear compositions that simultaneously (1)
are representative of a composition shortly following
neutron exhaustion in an r process and (2) are con-
strained to reproduce the solar isotopic r process abun-
dances of Arnould et al. (2007). To achieve this, we
constrain ourselves to compositions that include only
the short-lived, neutron-rich nuclei that the r process
proceeds through, where we set our cutoff at nuclei
with half-lives shorter than 1 second. We also constrain
our compositions such that all nuclei are one- and two-
neutron bound, i.e., our samples lie entirely within the
neutron dripline. Within these bounds, we use a random
number generator to set the abundances along each iso-
bar, where an overall scale factor is applied to the ran-
dom numbers such that the summed abundance along
the isobar reproduces the solar abundance attributed to
the same isobar.

We process each of our one million samples through
the Jade decay network solver to simulate each abun-
dance evolution. To assist the analysis and discussion of
these samples, we define the function

0Y (i,j;t) = max Y; ;(t) —minY; ;(¢) , (9)

where maxY; ;(t) and minY; ;(t) give the maximum and
minimum abundance of species (i,j) at time ¢ across
all samples, and Y (i,5;t) gives an upper bound on
the difference between any two samples. The quantity
0Y (i,j;t) may be intuitively understood as the uncer-
tainty in simulated abundances due to uncertainty in
the exact distribution of an r-process-like composition.
We also define the related quantity

oY (i, 45t) = , 10
(0,3%) Vy/maxY; ;(t) x minY; ;(t) (10)

where 6Y normalizes 6Y to the geometric mean of the
upper and lower bounds of the sampled abundances,
thereby expressing JY relative to a ‘typical’ value of the
respective abundance.

In Fig. 4, we plot dY at the same three timesteps as
was used in Fig. 2, i.e., 1 second, 1 minute, and 1 hour.
At 1 second, the value of Y is nearly or well in excess
of 1, indicating that the range in abundances across the
chart of nuclides is highly uncertain, as many nuclei are
populated whose half lives are still comparable to the
half lives characterising the initial composition.
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Within 1 minute into the evolution, however, we find
that all of our compositions have begun to transition to
an isochronic phase of their evolution — the most abun-
dant components at this point in time have a typical
relative uncertainty 0Y < 10% — with the larger rela-
tive uncertainties generally present in the less-abundant
tails of the abundance pattern.

Finally, by 1 hour (and all later points in time), all
of our million samples have fully transitioned into an
isochronic evolution, with all abundances at this time in
agreement to within §Y < 2.5%, and most abundances
in agreement to well within 0Y < 1%.

As a final reinforcement of the isochronic nature of our
simulated r-process decay systems, in Fig. 5 we plot as a
function of time two additional metrics that summarize
Eq. 9 and Eq. 10 across all nuclear species. In the first
case, we define

0Ymax(t) = max {8Y (i, 5; 1)} , (11)

which gives the maximum value of §Y across all nuclear
species in the decay network, giving an upper bound on
the total uncertainty of any one abundance. The upper
panel of Fig. 5 plots the evolution of §Yj,.x over time
for our abundance calculations. The species with the
largest values of dY tend to also be the more abundant
(Y 2 10~ 4), such that they maximize 0Y despite hav-
ing the lowest relative errors, 0Y, overall. In this sense,
0Yax provides a representative upper bound on abun-
dance variations for the most abundant nuclei.
Similarly, we define the analogous quantity for 0Y,

0Y max(t) = max {8Y (i, j; 1) } (12)

which we plot in the lower panel of Fig. 5 and where we
additionally impose an abundance cutoff of Y > 10~ 14
to avoid large relative uncertainties in otherwise-
negligible abundances. In contrast with §Yj.x, the
species which define §Y pax by maximizing Y are also
the least abundant, leading to the stair-step behavior ex-
hibited in Fig. 5. The sudden drops in 6Y jax correspond
to whichever species maximizes Y dropping below our
Y > 10~ threshold, causing a discrete jump to the
next-largest value of §Y among species populated in the
system. Consequently, O0Y max 1S a representative upper
bound on abundance variations in the least abundant
nuclei.

In any case, we note that by 15 minutes into the decay
of our compositions, all of our million r-process composi-
tion samples agree to within 1%, and certainly by 1 day
all abundances agree to within one part in ten thou-
sand. As such, we conclude that the decay-phase of the
r process is a strong example of the isochronic evolu-
tion we have introduced in this work. This allows us

to describe late-time (¢ 2 15 min) behavior of r-process
ejecta based on the assumptions that

1. all nuclei produced during the r process are
sufficiently neutron-rich that their half-lives are
shorter than 1 second, and

2. the final isotopic abundances of nuclei produced
during an r-process event are known.

Provided we admit these assumptions, this enables us
to reliably predict the evolution of nuclear abundances
and the radioactive decay that follows from r-process
nucleosynthesis while avoiding a number of difficult is-
sues pertaining to the large uncertainties in the physical
properties of the most neutron-rich nuclei that directly
affect predictions based on direct modeling of nucleosyn-
thesis, e.g., Grossman et al. (2014); Martin et al. (2016);
Lippuner & Roberts (2017); Ferndndez et al. (2017);
Radice et al. (2018); Wollaeger et al. (2018); Zhu et al.
(2018); Miller et al. (2019, 2020); Barnes et al. (2020);
Even et al. (2020); Zhu et al. (2020). As such, nucleosyn-
thesis calculations performed via the method outlined in
this work provide an alternate, but complimentary, ap-
proach to understanding the late-time radioactive decay
of freshly synthesized r-process nuclei.

In the Appendix, we provide results of a first calcu-
lation based on our approach as a series of abundance
tables for timesteps ranging from 15 minutes to 10 years
following a ‘full’ r process producing the first, second,
and third r-process peaks. These abundances, along
with their associated decay properties, may be directly
implemented into calculations simulating late-time ob-
servables associated with candidate r-process sites, as
well as in the physical interpretation of existing kilonova
observations, e.g., the binary neutron star merger obser-
vations of GW170817/AT2017gfo/GRB170817A (Met-
zger et al. 2010; Metzger & Berger 2012; Metzger 2017,
2019; Cowperthwaite et al. 2017; Tanvir et al. 2017).

We note that our procedure can readily be applied
to investigate a wide range of potential r-process sce-
narios, for example, an astrophysical event producing
the first (A ~ 80) r-process peak in isolation. We re-
strict our calculations to an r-process event producing
the first three peaks in the solar isotopic ratios in this
study. Furthermore, while we do not address it in the
present work, the late-time decay of heavier species, e.g.
the production and subsequent decay of long-lived ac-
tinides (Korobkin et al. 2012; Wanajo et al. 2014; Eich-
ler et al. 2015; Zhu et al. 2018; Holmbeck et al. 2019a,b,
2020), may also be studied in our approach. However,
the intricate mixture of nuclear « decay, 8 decay, and
various modes of fission experienced by the heaviest nu-
clei that may be produced during an r process reintro-
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Figure 5. Upper bounds on uncertainty for decay network
simulations of 1,000,000 samples of r-process-like nuclear
compositions. Top: Maximum range in abundance across
all nuclear species as a function of time (0Ymax as defined
in Eq. 11). Bottom: Maximum relative error in abundance
across all nuclear species as a function of time (Wmax, as de-
fined in Eq. 12). By 0.01 day, all simulated abundances come
into agreement to within ~ 2.5% and continue to decrease
according to a power-law relationship in time.

duces the nuclear physics-associated uncertainties in a
way that is not easily resolved using the techniques em-
ployed in this work (Vassh et al. 2019; Wu et al. 2019;
Barnes et al. 2020; Vassh et al. 2020; Zhu et al. 2020).
Furthermore, the lack of stable nuclei with mass num-
bers A > 209 introduces substantial degeneracy to the
problem of choosing and/or sampling from the space
of reasonable initial compositions for the heaviest nu-
clei, insofar as one must constrain the abundances of
hundreds of the heaviest nuclei using the abundances of
only a half dozen or so stable or extremely long-lived
(t1/2 2 100 Myr) isotopes in which their decay series
terminate, fission products notwithstanding. In future
work, we will address these challenges directly, in partic-
ular by systematically probing the unique uncertainties
discussed here, and propagating their combined effects
to simulated r-process nucleosynthesis and correspond-
ing electromagnetic observables.

4. CONCLUSIONS

In this work, we have explored the radioactive decay of
medium-mass, neutron-rich nuclei in the period of time
following their synthesis via rapid neutron capture. In
this epoch of nucleosynthesis, free neutrons are all but
completely exhausted, and nuclear decay processes con-
trol the subsequent evolution of the nuclear abundances.
In the absence of two- or more-body reactions between
nuclei, the standard nuclear reaction network equations
assume a simplified form. We have introduced a new
nuclear decay network, Jade, and have discussed several
aspects of its implementation.

Using Jade, we have simulated a large number of nu-
clear systems representative of those present in the im-
mediate aftermath of an r process. From these calcula-
tions, we have highlighted the tendency of the sampled
compositions to converge to a single effective evolution,
which we attribute to steep gradients in the decay rates
encountered as nuclei decay towards stability. We have
introduced the term ‘isochronic evolution’ to describe
this general property of decay systems progressing from
short-lived initial states through longer lived intermedi-
ate and final states. While we have not explored them
in this work, the techniques we have employed may rea-
sonably be adapted for the description and analysis of a
broad range of physical applications governed by quali-
tatively similar systems of ODEs. Of particular interest
would be its application to the study of the de-excitation
and decay of fission fragments, as well as its application
to the study of isotope generation within reactor envi-
ronments.

During the isochronic phase of decaying r-process
compositions, the populated nuclei are generally well-
studied experimentally (including their atomic masses
and decay half lives). As such, we can simulate their
radioactive decay and relative abundances with a rela-
tively high degree of confidence, with the primary source
of uncertainty in this approach being the final distri-
bution of nuclear abundances. Our approach compli-
ments existing methods for predicting nucleosynthesis
in r-process environments based on direct modeling. In
order to facilitate future studies, we have provided in
the Appendix as supplementary material snapshots of
nuclear abundances obtained from our calculations for r
process compositions reproducing solar r-process resid-
uals in the mass range 69 < A < 204.
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In this appendix, we report snapshots of nuclear abundances following the radioactive decay of an r-process composi-
tion which reproduces the isotopic solar r-process abundances of Arnould et al. (2007) in the mass range 69 < A < 204.
The initial distribution of nuclei is constrained to lie along the one neutron dripline as predicted by the FRDM2012
mass table (Moller et al. 2016). As demonstrated in Section 3, the abundances are robust with respect to substantial
perturbation of the initial composition for the times selected for this appendix, which range between 15 minutes and
10 years. Abundances, Y, are normalized such that >, (Y; - A;) = 1, where the summation over ¢ runs over nuclei in
the mass range 69 < A < 204, and Y; and A; are the corresponding abundance and mass number, respectively. For use
in applications where only a subset of the total r-process nuclei are produced, e.g. in consideration of a weak r process,
the corresponding abundance evolution may be inferred by restricting our reported abundances to the corresponding
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APPENDIX

mass range and renormalizing those abundances as appropriate.

Table 1. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 15 minutes.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
SCu  1.26x107% | 8Cu 534x1071° | $7n  3.82x107% | Zn 563x107% | ZiZn  2.40 x 107
R7Zn 215%x107% | $9Ga 551 x107%° | TGa 1.40x107% | 3Ga 444 x107% | 1iGa 4.95x 107%™
BGa 214x107% | Ga  3.90x107'? | BGe 1.54x107% | I3CGe 936 x107% | I3Ge 247 x107%
$Ge 6.39x107% | ITGe 2.69x107% | 89Ge 1.47x107'?| TAs 256x107% | ITAs  4.08 x 107
PAs 115 x107% | 8%As 156 x 1072 | 81As  3.00x 1072 | I7Se 891 x107% | I9Se 235 x 107
808e  2.04x107% | 8iSe 1.75x107% | 82Se 451 x107% | §3Se 2.02x107°% | §iSe 7.26x 107
8%%e  1.32x 1072 | &Br 121x107% | ££Br 1.12x107% | $Br 130x107% | $Br 7.25x107%
STBr  3.22x 1070 | £Kr 435x107% | $iKr 3.42x107% | §Kr 202x107% | 5TKr 1.88x107%
88Kr 280 x107% | 82Kr 3.05x107° | $5Rb 259x107'°| §Rb 245x107° | $£Rb 1.31x107%
S82Rb  4.80x107% | P¥Rb 4.67x107% | Rb 4.02x 107" | 88Sr 4.12x107°¢ | 8Sr 297 x107%
298r  1.85x107% | 9Sr  1.50x107% | 32Sr  4.22x107° | 33Sr  1.80 x 107 89Y  1.83x107%
¥Y  909x107M | AUy  243x1077 | BY 280x107°7| PY 532x107% | Y  3.86x107%
9%7Zr  1.35x107M | 927Zr  6.90x107%° | 2¥7Zr 550x107%® | 9%7Zr 6.32x107% | %Zr 5.82x107%
BNb 397 %1070 | 9INb  560x107% | $TMo 4.11x107%° | $¥Mo 538x107°¢ | Mo  1.26 x 107

Mo  1.64x107% | 182Mo 9.64x107% | 12Mo 9.23x107% | 1%3Mo 2.20x107% | %Mo 8.31x 1071
¥Tc  320x107%8 | UTc 6.69%x107% | 192Tc 725%x107% | 193Tc 8.01x107% | 19%Tc 148 x107%
19%Tc  5.39%x107% | 21Ru  3.09x107% | ZRu  1.36x107% | BRu 216 x 107% | 4Ru  9.74 x 107
WRu 1.37x107% | %Ru 1.24x107% | WRu  1.08 x 107% | BRu  9.03x107°7 | BRh 3.18 x 107%°
Rh  3.05x107°7 | WRh  1.16 x 10711 | WRh  1.04x107% | 9Rh 5.92x107% | 9Rh 9.27 x 107%
19Pd 517 x 10710 | 98Pd  2.12x 10710 | 7Pd 386 x107°¢ | 1%¥Pd 7.69x107° | 192Pd 1.24 x 107%°
H9Pd  1.13x 1079 | HiPd 716 x107°¢ | U2Pd 127 x 1079 | U3Pd 1.15x 1079 | UiPd 1.73x 1077
199Ag  1.28x107°7 | 7Ag  3.89x 107 | 42Ag  1.01 x 10797 | 43Ag 877 x 107 | 42Ag 567 x 107
USAg 491 x107% | MSAg 487 x107%7 | MTAg 244x107%° | MlCd 1.98x107% | 12Cd 2.81 x107%°
H3cd 242x10797 | Mdcd 123 x107%° | H2Cd  3.16x107% | H8Cd  6.46 x 107° | UTCd  1.03 x 107
n8cd 145 %1079 | 2cd 294 x107°7 | 20Cd 756 x 1071 | USIn 5.32x107% | MIn 5.79 x 10707
8In 240x107% | U8In 898 x107°7 | !20In 4.88x107'? | iSn 6.48x107%® | 8Sn  3.26 x 107
H9%Sn  1.22x107% | 298n 156 x107% | 21Sn  6.04 x107% | 122Sn  1.11x107% | 123Sn  8.22x 107

Table 1 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
123Sn 1.60x107% | '25Sn  1.86 x 107%° | 125Sn  3.58 x 107%° | 2ISn  5.68 x 107 | 12§Sn  8.97 x 107%
1296n 747 x 10797 | 139Sn  7.04x107% | 13}Sn 876 x 1071 | 132Sn 7.19x107'? | 2{Sb  3.65 x 107
1259h 4.53x 10719 | 1288b  1.39x107% | !27Sb  4.87x107% | 28Sb  1.71x107% | 2Sb  7.54 x 107%
1399b  8.98x107% | 13{Sb  3.97x107% | 122Sb 1.50 x 107% | 128Sb 2,68 x 107°7 | '2ITe 4.59 x 107
128Te  1.68x 10797 | 129Te 227 x107° | 139Te 1.81x107% | 31Te 1.65x107% | 32Te 4.59 x 107
B3Te  1.17x107%° | 33Te 219x107% | T 285x 107! 291 146 x 10797 | 1 3.60 x 1079

1321 7.02x 10798 1337 1.04x107% 1321 5.56 x 107 1331 176 x 1079 1387 175 x 1078
BiXe 1.07x107% | 32Xe 2.05x107% | 33Xe 4.00x107%% | 3Xe 592x107%7 | 135Xe 4.49 x 1077
135Xe  240x107% | 137Xe 9.21x107%7 | 38Xe 7.53x107% | 139Xe 1.82x107!2| 32Cs 1.66 x 107!
135Cs 414 x107% | 137Cs 114 x107% | 138Cs 679 x107% | 139Cs  4.03x107% | 29Cs 850 x 1071
3TBa 5.0l x 1072 | 38Ba  1.24x107° | 32Ba 691 x 107 | 2Ba 1.17x 1079 | 3Ba  4.64 x 107
H2Ba  1.81x 107 | 13La 486 x107°7 | ¥La 578 x107%° | 2La 328x107° | 22La 280 x 1079
38  252x107% | 2a  240x 10712 | 0Ce 1.10x 107 | HiCe 7.64x107% | H2Ce 1.89 x 1077
H3Ce 2.61x107% | MCe 7.26x107% | 2Ce 1.48x107°7 | M8Ce 1.82x107% | ¥ICe 4.21 x 107!
H8Ce 5.42x1071 | BPr 568x1072 | ¥Pr 745x107% | ¥Pr 1.29x107° | #¥Pr  3.70x 107%
HSPr 163 x 1079 | MIPr 121 x107° | M8Pr 565 x 1079 | M9Pr 248 x107% | 3Nd  1.36 x 10712
SANd  3.89 x 1071 | AN 7.57x 10798 | WSNA  4.25 x 10797 | WINd  1.22x107% | ESNd  3.01 x 107
ONd 215 %1079 | 129Nd 356 x 107° | 12INd  1.47x107% | 122Nd  1.68 x 107° | ¥/Pm  4.06 x 10710

O9Pm 175 x 1077 | 13iPm  1.81x107% | 132Pm  7.59 x 107°7 | 12¥Pm  5.62x107°7 | ¥{Pm 1.09 x 1077
122Pm 1.35x107'2 | 49Sm 240 x 1071 | 21Sm  6.07 x 107%° | ¥3Sm  1.71 x 107% | 23Sm  3.03 x 107
183Sm  4.22x107% | 25Sm 222 x 107% | ¥5Sm  4.14 x 107% | ¥7Sm  9.63 x 107°7 | 188Sm  6.40 x 1077
13%Fu  6.92x107% | 138Eu  1.18 x 107 | 12%Eu 7.20x 107 | ¥TEu 245 x107% | 28Eu 3.31 x 1079
P9Fu  249x107% | 8Eu 294 x 1072 | 122Gd 243 x 1072 | 18Gd 1.65x 107 | 27Gd 1.66 x 10798
198Gd  5.15x107°7 | 1229Gd  1.87x107% | 189Gd 5.39x107% | 181Gd 3.64x107°7 | 182Gd  1.96 x 107
183Gd 851 x 10719 | 184Gd 8.19x 10712 | 2Tb 9.39x107% | ¥Th 5.02x107% | 2Th 2.22x 107
3Th 444 x107% | Tb 3.23x107°7 | 82Tb 4.99x107% | ¥Dy 351 x107% | 82Dy 2.37x107%
8Dy  2.63x107% | Dy 7.17x107% | 18Dy 571x107% | 18Dy 547x107% | 8Dy 7.95x 1077
88Dy 114 x107% | 9Dy 323 x 10711 | 2Ho 3.41x107°7 | %Ho 1.09x107% | THo 3.07 x 107
188Ho 534x107°7 | 8Ho 324x107°7 | 79Ho 9.38x107% | 7lHo 1.88x 107 | 8Er 3.35x 107!
TEr  1.05x 10797 | 188Er 200x107% | Er 215x107% | Er 259 x107% | WEr 212x107%
W2Er 276 x107% | BEr  1.83x107% | WEr 1.14x107°7 | BEr  4.02x1071° | 18 Tm 1.01 x107%
TiTm 446 x107% | 122Tm 925 x107% | ¥WTm  2.26x107% | 4Tm 757 x107°7 | W3Tm 1.22 x 107
8 Tm 948 x107% | W Tm  1.88x107% | 72Yb 1.20x 107" | Y3Yb 4.06 x 107% | 73Yb 1.97 x 107
I5Yb 998 x 1077 | M8Yb 211 x107° | MIYb 1.60x 107% | ¥8Yb 1.22x107% | ¥dYb 2.88 x 1077
B9Yh 151 x107% | Blyb 128 x 107 | EYb 348 x 10710 | Lu 846 x107'° | YMLu 1.27 x 107%7
T8Tu 146 x107°7 | ¥PLu  7.00x107°7 | Lu 279%x107% | BlLu 564%x107% | 8Ly 1.55x107%
BTu 2.01x1071 | TITHf  6.05x 107 | TSHf 274 x107%® | U9Hf 154 x107%® | 89Hf 7.61 x 1077
BIHf 714 %x107°7 | B2Hf 9.73x107°7 | BHf 4.09x107°7 | BHf 741x107°7 | 8Hf 5.88x107%
BSHf 338 x 1079 | BIHf 357 x 10712 | BSHf 322x1071%2 | 8ITa 7.65x1071 | 183Ta  6.41x 1078
BiTa  295x107% | BTa 897x107°7 | BTa 842x107°7 | ¥ITa 3.85x107% | BTa 263 x 10712
B9Ta  6.22x 10719 | 183W  4.04x 107 | BiIW  279x 1071 | W  142x107°7 | W  9.06 x 1077

Table 1 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
BIW 226 x107% | B8W  515x107% | BIW 317 x107% | 29W 786 x107% | 2PW 838 x 107
185Re 548 x 10712 | BRe 1.17x107% | BRe 4.76x107'1° | BRe 4.30x107% | 29Re 8.59 x 1077
22Re  5.90x107% | 22Re 3.95x 107 | 2¥Re 9.75x 107 | B80s 2.19x 1072 | B20s 1.58 x 107
1200s  2.34x107% | 200s  1.07x107% | 220s 1.99x107% | 280s 1.84x107% | 280s 3.06 x 107%°
1250s  7.01x107% | 1280s 1.66 x 107% | 270s 3.89x107°7 | 280s 2.87x107% | 2200s 6.98 x 1072
2020s  1.94x1072 | 2lr 296 x107% | 22Ir 6.06 x 1078 | r 950 x 107 | W2Ir 242 x 1079
P81y 4.22x107°7 | Iy 4.02x107% | 28Ir  3.40x107°% | ZW1r  210x 1072 | Tr 515 x 10712
5Pt 1.11x107% | 8Pt 496 x 107% | 9Pt 944 x107% | 128Pt 4.01 x107% | 2Pt 2.67 x 107
200pt 240x107% | 2Pt 536x107% | 2Pt  1.86x107% | PTAu  3.89x107% | ¥8Au  1.02x 107
220Au 271 x107% | 220Au 144 x107% | 222Au 334 x 10710 | 228Au 359 x 107 | P¥Hg 1.18 x 1079
WHg  2.72x107% | ¥UHg 4.33x107% | 2%2Hg 6.32x107%° | 2¥Hg 240x107°7 | 2%Hg 1.93 x 107
2371 2.96 x 107

Table 2. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 30 minutes.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
$9Cu  3.27x107° | $7Zn  3.28x107% | 0Zn 563x107% | Zn 345x107%® | ¥Zn  3.15x107%°
9Ga  1.21x107% | 1Ga 1.43x107% | ¥Ga 4.28x107% | IiGa 1.38x107™ | ¥Ga 1.52x107%8
BCGe 3.09x107% | TGe 1.29x107%| 5Ge 220x107% | 75Ge 6.39x107% | T0Ge 2.65x107%
BAs  550x 1079 | ITAs 818 x 1079 | 8As  363x107% | I7Se 363x107% | I9Se  3.14x 107%™
89Se  2.04x107% | 8§iSe 9.98x107% | §2Se 451 x 107 | §3Se 1.27x107% | §iSe  2.99 x 107
88Br  1.96x 107 | 8Br 1.77x107% | 8Br 993x107% | 8Br 201x107°| $Kr 1.51x107%
SKr  720x 1079 | 8$2Kr 209x107% | STKr 1.64x107% | 88Kr 264x107™| $2Kr 1.13x 107"
$Rb  6.40x107'° | §7Rb 4.85x107° | $¥Rb 1.99x107% | §%Rb 2.62x107% | %Rb  9.00 x 107
88Sr  1.40x107% | 83Sr  545x107% | ¥Sr  1.90x107% | Sr 148 x107°° | 92Sr  3.95x 107
9Sr 444 %1077 | 8Y  8.02x107% | R¥Y 220x107° | %Y 510x107°7| %2y 5.31 x 10797
%Y  658x107% | BY  141x107% | Pzr  6.00x 107 | $7Zr  269x107°% | $zZr  1.59 x 1077
%7r  877Tx107% | %Zr 576x107% | $Nb 1.27x107°° | JINb 1.04x107°7 | 9IMo  1.57x 107
%Mo 5.38x107% | ¥Mo 1.25x107% | 1Mo 1.64x107% | 1%2Mo 4.73x107% | 12Mo  3.68 x 1079¢
P¥Tec  649x107% | 1UTec 655x107% | 122Tc 289 x 1079 | UTc 837x107° | 28Tc 1.37x 107
9Ru 813 x107% | 2Ry 1.92x107% | BRu 216 x107% | URu 1.61x107% | ¥Ru 1.71 x 107
%Ru 1.24x107% | WRu  6.74x107% | Ru 9.19x107% | WRh 7.15x107% | 2Rh 9.19 x 1077
19Rh 116 x 107 | Rh 718 x107°¢ | %¥Rh 6.02x107%° | ?Rh 3.81x 1072 | 9¥Pd  3.46 x 1079
199Pd 454 x 10710 | 9Pd  8.10x 1079 | 98Pd 856 x 1079 | 99Pd 1.22x107% | HoPd 1.13x107%
WPd 459x107% | 22Pd 126 x107% | UEPd 140 x 107 | YAPd 236 x 107 | 92Ag  2.84 x 1077
HlAg 646 x107% | M2Ag 197 x107°7 | 2Ag 850x 1079 | 112Ag 7.73x 1071 | 12Ag 292 x 107
BAg 323x107% | 3Cd  7.10x107% | 2Cd 111 x107% | 13Cd 521 x107°7 | 'jiCd  1.25 x 107%
H3Cd 514 x107% | 4§Cd 691 x107% | }ICd 958 x107% | 1fCd 1.18 x107% | 13Cd  6.15 x 107
I 1.90x107% | MIn  1.07x107% | 48In  1.95x107% | 489In  3.08x107% | ISn  2.66 x 1077
128Sn  5.97x107% | '3¥Sn  1.33x107% | '29Sn  1.56 x 107%% | 'Z}Sn  6.01 x 107%% | '23Sn  1.11 x107%®

Table 2 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
1236n  8.22x107% | '23Sn  1.60 x 107% | '25Sn  1.86x 107%° | '25Sn  3.58 x 107%° | '2ISn  5.23 x 107%°
1286n  7.52x107% | 129Sn  7.05x107% | 139Sn  4.30 x 107°7 | '2{Sb  7.51x107% | !283Sh  9.12 x 107*°
1259h 278 x 107% | 127Shb  9.35x107% | 128Sh  3.11x107% | 129Sb  7.32x107% | 139Sb  7.45 x 1079
1818b 253 x107% | 132Sb  3.62x 107% | 123Sb  3.15x 107 | 2ITe 1.78x107% | 28Te  6.34 x 1077
129Te  4.70x 1079 | 139Te 4.00x 1079 | 13ITe 225x107% | 132Te 473 x 1079 | 33Te 5.25 x 107%
BiTe 1.70x107% | AT 223x10719 | 11 671x107°7 | 131 120%x107% 1321 1.67 x 10797

337 171 x107% 1341 8.91x107% 13317 1.71x107% 1387 986 x 10712 | B1Xe 7.91x107%°
132%e  1.10x107%% | 33Xe 1.58x107%7 | 13iXe 205x107% | 139Xe 893x10797 | 13Xe 2.40x107%
BTXe 6.05x107% | 38Xe 3.61x107% | 133Cs 1.47x 10710 | 132Cs 1.69x 1079 | 137Cs 1.23x107%
138Cs 828 x 1079 | ¥Cs 1.31x107° | 37Ba 1.20x 107" | 38Ba  3.67x107% | ®¥Ba 8.62x 107
H9Ba,  1.17x107% | Ba 2.63x107% | ¥2Ba  6.79x 1077 | ¥La 1.49x107% | 12¥Ta 1.24x107%
Wa  511x107% | 21a 356 x107% | #3La  1.21x107% | ¥0Ce 5.01x1071 | #Ce 266 x 1077
2Ce  5.63x107°7 | 3Ce 3.90x107% | MCe 7.26x107% | 5Ce 4.68x107% | 8Ce 8.42x 10777
HiPr 422 x 1071 | ¥3Pr 249x 1079 | Pr 209x 10710 | ¥Pr 374x107% | ¥SPr 1.83x 107
Wipr 557 x 10797 | Pr  6.04x 10710 | Pr 249x 10710 | EBNd 967 x 10712 | #Nd 1.43x 107
SNd  1.85x107°%7 | 185Nd  1.20x107% | 4INd 1.87x107% | SNd 3.06 x 107% | '&Nd  1.97 x 1079
1BONd 356 x107% | 13INd  6.36 x 107°7 | 22Nd  6.76 x 1077 | ¥/Pm 1.45x107% | ¥Pm 3.81 x 107

RiPm 263 x107% | 22Pm  3.67x107%7 | R$Pm  7.76 x 107% | R¢Pm 225 x107% | 1¥9Sm  1.15 x 107%°
181Sm  2.00x107% | 132Sm  3.11x107% | 133Sm 3.50 x 107% | 123Sm  4.33x 107% | ¥8Sm  1.39 x 107
1%89m  4.06 x 107% | 127Sm 2,64 x107°7 | 128Sm  9.00x 107 | 2%Eu  1.94 x 107 | 22Eu  2.01 x 107
19%Fu 148 x107%7 | ¥IEu  3.11x107% | ¥¥Eu 311 x107% | ¥Eu  1.40x 107°¢ | 83Gd 9.22 x 107'?
158Gd  6.91x 1071 | 137Gd 491 x107% | 138Gd  1.26 x 107% | 139Gd 2.94x107% | 18Gd 5.39 x 1079
®lad  2.10x107% | ¥2Gd  5.67x 1077 | ¥¥Th 3.24x107%® | 18Tb 536x107% | 182Tb 1.22x107%
183Th 261 x107% | ®2Th 1.01x107% | Th 361x1071° | Dy 9.02x107% | 182Dy 4.76 x 107
83Dy 4.46 x 107% | Dy 748 x107% | 8Dy  5.35x107% | Dy 5.45x107% | Dy  1.49 x 1077
188Dy 346 x 107%7 | 2Ho 7.52x107°7 | fHo 224 x107% | ®THo 3.53x107% | €8Ho 1.79 x 1077
%9Ho 358 x107% | Ho 217x107% | 88Er 141 x1071° | &Er 295x107°7 | 8Er  3.16 x 107°
9Er 243 x107% | Z0Er 268 x107% | ZEr 207 x107% | ZZEr 275 x 107 | Z3Er 1.30 x 1072
W4Er 441 %1079 | 189Tm 281 x107% | 1WTm 928 x107% | 122Tm 1.89 x 1078 | 1Z3Tm 2.21 x 107%
T4Tm 140 x 10797 | 1Z8Tm  6.16 x 107°7 | I8Tm 3.44 x 107 | ' Tm 1.83x 1072 | 72Yb 5.04 x 107!
T8Yb 876 x107% | Mayb  2.70x107% | ¥EYb  1.60x107% | MSYb  2.12x107% | MIVhL  1.47 x 1079
T8Yb  1.06 x 107% | 8Yb  7.86x107% | BYYb 199 x 10710 | PLu  3.15x107% | WLu  2.66 x 1077
8Lu 2.35x107% | Lu  879x107° | BLu  4.89x107%® | BlLu 289x107% | BLu  9.06 x 107
WIHf 275 x 10710 | MSHf 988 x 10798 | MSHf 4.61x 1079 | BYHf 1.01x107° | BIHf 7.68x 107"
18210  9.89x107%7 | BHf 345x107°7 | BHf 7.11x107° | 8Hf 3.02x107° | 8Hf 6.20x 107!
BlTa  2.05x10710 | BTa 1.28x107°7 | BiTa 592x107%® | Ta 7.75x 1077 | BTa  3.29 x 1077
BTTa  4.19x 10710 | 183W 178 x 10710 | W  1.17x107% | W 3.20x107%7 | 8W  1.45x 107
BTW 228 x107% | BW  515%x107% | BW 120x107% | 29W 556 x 1079 | 18Re 279 x 1071
1BTRe  2.82x107% | 88Re 1.00x107% | BRe 6.24x107% | 2Re 6.39x 1077 | 24Re 2.04x 107
122Re  3.23x107% | 880s 9.72x107'? | B20s 5.45x107% | 200s 4.86x107% | 230s  1.46 x 107
1220s  1.99x 1079 | 280s 248 x107% | 80s 3.06 x107% | 1280s 1.42x107% | 120s 1.23x107%

Table 2 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
270s  9.49x107% | ¥80s 1.15x107% | R 9.23x107% | 23Ir  1.90x 1077 | P4 1.95x 10710
25Ty 278 x 1079 | W8Ir 313 x107°7 | Wy 777 x107°7 | 28Ir  1.36x107%% | 24Pt 1.71 x 10712
122Pt 314 x 1079 | 28Pt 934 x 107 | TPt  1.30x 1079 | 2Pt 575 %x107% | 2Pt 1.90 x 107
200pt 2.37x107% | 201pt 838 x 1070 | 22pt  1.86x107% | YTAu  1.41x107%7 | Y59Au  1.78 x 107
20Au 5.13x107% | 220Au 1.00x107% | 222Au  3.33x 10710 | ¥Hg 4.45x107% | ZHg 1.12x107%®
WWHg 9.22x107%7 | 22Hg 1.36x107% | 2¥Hg 240x107°7 | 2%Hg 1.93x107% | 2T1  6.67 x 10711

Table 3. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 45 minutes.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
9Cu  852x107% | $97Zn  273x107% | 07Zn 563 x107% | IiZn 4.95x 1070 | %Zn 462 x 10712
WCa 176x107% | TiGa 143x107% | BGa 4.13x107%| T#Ga 384x107% | 3Ga 1.07x 10710
BGe 459%x107% | TGe 1.39x107% | 3Ge 1.94x107% | I8Ge 6.39x107% | IIGe 2.61x 107"
As  8.09x107% | ITAs 1.22x107% | TBAs  1.15x107% | I7Se 819x107° | 19Se  3.38x 107 %
80Se  2.04x107% | 8lSe 5.68x107% | 828 451x107% | 83Se 7.93x107% | 81Se 1.23x 107
8iBr  239x107% | %8Br 210x107% | §Br 7.18x107% | £Br 557x107%? | $£Kr 294x107%
SKr 998 x107% | 82Kr 209x107% | §TKr 143 x107% | §8Kr 248x107™ | $2Kr 4.15x107%
82Rb  1.02x107%° | §TRb  6.93x107% | 8¥Rb 220x107% | $Rb 1.33x107% | %¥Rb  1.74x107%
88Sr  266x107% | 82Sr  6.74x107%° | 2%Sr  1.90x 107 | 9Sr 145 x107% | %2Sr  3.70 x 107
9%Sr  1.10x 10797 | 80y 1.68x 1079 | ¥y 350x1071° | WY 773x107°7| %2y  7.53x107"
BY  6.80x 107 NY  513x107%7 | PzZr  1.20x 1072 | PzZr  139x107° | $2Zr 584 x107%®
¥7r  273x10797 | BZr  967x107° | %Zr 570x107% | P¥Nb 232x107% | IINb  1.45x107°7
Mo 3.38x 1079 | BMo 538x107° | BMo 1.25x107% | 1Mo 1.64 x107% | WMo 2.32x 1079

Mo 147 x107% | $3Tc 978 x 107% | '%Tc 479 x107° | 22Tc  1.15x 107 | 2%Tc  4.74 x 107
1997c  349x107%7 | 19tRu  1.23x107% | 12Ru 214 x107% | 2Ru 216 x107% | 24Ru 1.98 x 107
ORu 1.74x107% | Ru  1.24x107% | WRu 4.21x107% | BRu  9.35x107%° | ERh  1.11 x 1078
Rh 159 x 107% | 95Rh  1.16 x 107 | W7Rh 449 x 107 | YRh  6.13x 1071 | 9°Pd  9.61 x 107%
19%Pd  6.95x 10710 | ¥Pd  1.09 x 1079 | 8Pd 865 x 107 | ¥Pd 121 x 1079 | 49Pd 1.13x107%
HePd 294 x107% | 12Pd 125 x107%° | MAPd 322 x 107" | 22Ag 437 x107°7 | 1JAg 810 x 107%
12Ag 287 x107%7 | 13Ag 823 x107% | 12Ag  1.05x107'? | 1PAg 1.74x107% | 1SAg 214 x107%°
13Cd 142 x107% | 12Cd 245 x107% | 3Cd 791 x107°7 | iiCd 125 x107% | 13Cd  6.30 x 107%¢
H8Cd 6.94x 107 | Icd 893 x 107 | M8Cd 957 x 1079 | fCd 129x107°| 'In  3.77x 107 %
Nfn 141 x107% | M8Tn  1.59x107° | 9In  8.03x107'° | 3Sn 567 x107°7 | 138Sn 817 x107%
198n  1.34x107% | 129Sn 156 x 107% | 2lSn 597 x107% | !22Sn  1.11x107% | !23Sn 822 x 1079
124Sn 1.60x 107% | 125Sn 1.86x 107% | 128Sn 358 x107%° | 127Sn  4.82x107% | 128Sn  6.31 x 1079
1298n  6.66 x 1071 | 139Sn 263 x107% | 12{Shb  1.14x107°7 | 28Sb  1.37x107% | !2PSb  4.17 x 1078
1279b  1.35x107% | 128Sb 425 x107% | 129Sb  7.03x107% | 39Sb 576 x107% | 3{Sb  1.61 x 1079
1326h 871 x 10710 | 133Sb  3.70x 107 | 2ITe 3.87x107%% | 128Te 1.34x107% | 29Te  6.69 x 107
39Te  5.73x107% | 3BTe 222x107% | 32Te 4.72x107% | 33Te 229x107% | 33Te 1.33x107%
2T 736 x 10710 1291 153 x 1079 Bl 214 x107% 321 258 x 1077 1331 1.99 x 107%°

Table 3 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
B4 1.07x107% B2 1.67x107% | BiXe 230x107% | 22Xe 271x107%® | 2¥Xe 3.13x107°7
133Xe  4.02x107% | 3¥Xe 1.32x107% | ¥Xe 240x107% | 3Xe 397x107% | 138Xe 1.73x 107
133Cs 468 x 10719 | 135Cs  3.79x107%8 | B7Cs 1.24x107% | 38Cs  7.65x107% | B9Cs 427 x 1077
BTBa  2.10x 107 | 28Ba  6.18 x107% | 29Ba 843 x107% | Ba 1.17x107% | ¥lBa  1.49 x 107
42Ba, 254 x 1077 | ¥La 257x107% | 20Ta 1.89x107% | 2La 6.00x107% | 22La  3.57x107%
3La 5.83x107%7 | W9Ce 1.17x1071° | HCe 5.14x107%7 | Y2Ce 9.74x107°7 | 23Ce  4.51 x 1079
22Ce  7.26x107% | 8Ce 1.48x107'0 | M8Ce 3.90x107°7 | 'H#Pr 1.28x107'0 | B¥Pr 4.71x107%®
Hapr 253 x 10710 | Pr 364 x 107 | MSPr 155 x 1079 | WIPr 256 x 10797 | ¥8Pr  6.45 x 1072
WPr  250x 10712 | ENd 287 x 1071 | HNd 283 x 10710 | BNd 291 x107°7 | Nd  1.94 x 107
ONd 217 x 1079 | MENd  3.06 x 107% | 89Nd 1.78 x 107% | 18ONd 3.56 x 1079 | 13INd  2.76 x 107°7
182Nd 271 x107%7 | BIPm 279 x107% | Pm  5.67x107% | RiPm 297 x107% | B2Pm 1.52 x 1077
125Pm 1.07 x 107% | 2fPm  4.64 x 107" | 89Sm  2.70 x 107%° | 8Sm  3.72x 107%® | §3Sm  3.73 x 107%¢
153Sm  3.56 x 107% | 123Sm  4.33x 107% | 188Sm 875 x 107%7 | 28Sm  3.99 x 107%° | ¥7Sm  7.23 x 107
1%8Sm  1.27x107% | 18%Eu  3.27x107%® | 132Eu 253 x107% | 13Eu 223 x107%7 | 3TEu  3.27 x 107
158Bu 255 x 107 | 29Bu 7.90 x 10797 | 22Gd  1.88x 107 | 2%Gd 1.57x 1070 | 27Gd  8.58 x 1078
158Gd 190 x 107% | 139Gd  3.52x107% | 189Gd 5.39x107% | 181Gd 1.21x107% | 1%2Gd 1.65 x 1077
29Th  6.30x 10798 | 18 Tb 537x107% | 82Tb 502x1079 | 8BTb 1.53x107% | ¥Tb 3.15x 1071
12Th  262x10712 | 18Dy 147x107% | 82Dy 588x107% | 8Dy 554x107% | 8Dy 7.49 x 107%
185Dy 497 x107% | Dy 544 x107°¢ | Dy 278x107%% | ¥Dy 1.05x107°" | 18Ho 1.14 x 107°°
5Ho 3.38x1079 | 8THo 345 x 107 | 88Ho 547 x107% | ¥Ho 396x107% | ¥Ho 5.02x 107!
18Er  323x1071° | %Er 491x107°7 | Er 352x107% | Er 246 x107° | TEr  2.68 x 107
TiEr  2.02x 1079 | Z2Er 274 x107% | WEr 171 x1071° | 18Tm 4.70x107% | 14Tm 1.40 x 107%7
T2Tm  2.85x107% | I Tm 216x107% | WTm 216x107% | B3Tm 3.11x107% | yb 212 x 10712
TBYh 115 x 10710 | MB8Yb 134 x107°7 | dYb 2.82x107% | B3Yb 1.90 x 1079 | I8Yb  2.12x 107
T'Yb  1.34x107% | M8Yb  9.24x107%7 | M8Yb 214 x107% | BYb 261x1071? | Lu 620 x 1079
Wiiu  3.92x107% | MWLu  279x107% | ¥Lu  9.02x107% | ¥Lu 794x107% | BlLu 148 x1071°
TITHf  6.34x 10710 | YEHf 1.94x107°7 | MSHf 8.00x 1079 | 8Hf 1.05x107° | 8Hf 7.71x10°%
B2Hf 989 x 10797 | B3Hf 291 x10797 | BIHf 681 x10797 | BSHf 1.55x 10710 | 8SHf 1.14x 107!
BlTa  336x1071° | B3Ta 1.82x107%7 | BiTa 870x107%® | ¥Ta 6.30x 1077 | ¥Ta  1.22x107°7
187Ta 456 x 10712 | BW 398 x1071% | BwW 262x107% | BW 4.68x107°7 | BW  1.66 x 107
BIW 227 x107% | W 515 x107% | BIW 455 x107°7 | YW 393 x107% | #Re 6.60 x 107!
18TRe  4.47x 1078 | 88Re 1.52x107%° | 8%Re 6.94x107°¢ | 2Re 4.53x107°7 | 2Re 7.07 x 107°7
128Re  1.07x107% | 1880s 226 x 107! | B00s 1.02x107% | 290s 6.67x107% | 210s  1.59 x 107
220s  1.99x107% | 230s 2.68x107% | 230s 3.06 x107% | 220s 2.86x 1077 | ¥80s 9.14 x 107
12900s  2.32x 10719 | ¥80s 4.62x107°7 | Ir  166x107%% | 2Ir 341x107°7 | 2Ir 293 x1071°
28Ty 2.69x107% | 2Ty 233x107%7 | Tr  1.32x107%7 | 2!Ir 547 x107% | %Pt 3.90 x 10712
22Pt 522 %1079 | 28Pt 1261079 | IPt  1.35x107%° | 2Pt 644 x 107 | 2Pt  1.36 x 107
20Pt 2.33x107% | 2Pt 131 x 107 | 22Pt  1.85x107% | 2TAu 257 x107°7 | 2Au 232 x 107
2oAu  7.05x107% | JAu  6.74x 1077 | 2Au  3.31x 1070 | ¥Hg 9.20x 107%° | 20Hg 244 x 107
WHg 125 x107% | 2¥Hg 2.09x107% | Z¥Hg 240 x 107%7 | ZPHg 1.93x107% | 2BT1 1.04 x 1071°
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Table 4. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 1 hour.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
Cu  222x1071°% | $27n 227 x107% | ¥7Zn 563 x107% | IZn 7.10x107'2| $9Ga 222 x107%
MGa 143x107% | BGa 399x107% | TGa 1.07x107% | BGe 6.04x107% | 4Ge 1.42x107%
BGe 1.71x107% | 8Ge 6.39x107% | TTGe 257x107% | TBAs 1.04x107%% | TTAs 1.61x107%
WAs  361x107% | T7Se 1.45x107°7 | 79S¢ 346x107% | 89Se 204 x107% | 8iSe 3.23x107%
828e 451 x107% | 8§3Se 497 x107% | 8§1Se 5.08x107% | §Br 264x107% | $£Br 224x107%
§82Br  5.18x107% | 8Br 1.55x107'° | $2Kr 453x107% | SiKr 1.20x107% | 82Kr 2.09 x 107%
STKr 125 x107% | 88Kr 233 x107% | 83Kr 1.53x107'°| $Rb 141x107% | §Rb  8.76 x 107
88Rb  239x107% | 8Rb 677 x107% | P2Rb  3.35x 107 | 83Sr  4.04x107% | 5Sr 7.39x107%
28r  1.90x107% | 9Sr  1.42x107% | 32Sr 346x107° | 33Sr 271 x 1078 8Y 270 x 1078
XY 479x1071° | WY  1.03x107% | 2y  949x107°7 | BY 6.76x107% | BY  1.87x 107
97r  241x107'12 | %Zr  251x107° | 227Zr  1.00x107°7 | 937Zr 3.890x107°7 | %Zr  9.99 x 107%
9%7Zr  564x107% | ¥Nb 343x107° | JINb 1.80x107°7 | $BMo 1.16x1072?| $TMo 574 x 1078
¥Mo  538x107% | BMo 1.25x107% | 1Mo 1.64x107% | Mo 1.14x107% | 2Mo 5.84x 1077
¥9Tc  1.31x107°7 | UTec 311x107° | 22Tc¢  459x107%° | 95Tc 2.69x107% | PoTc 8.89 x 107
MRu 1.52x 1079 | 122Ru 223 x107%° | BRu 216 x107%° | URu 218 x107% | WRu 1.70 x 107
Ru 1.24x107% | WRu 263 x107° | B¥Ru 951 x1071° | 19¥Rh 151 x107% | 92Rh 2.25 x 107
9Rh 116 x 107 | Rh 278 x 107 | ¥Rh 6.24 x 107 | '2¥Pd  1.90x107% | 2°Pd 9.37 x 1071
9%Pd 126 x 1079 | 18Pd 865 x 107 | ¥Pd  1.19x 1079 | 4IPd 1.13x 1079 | UiPd 1.89 x 1079
2Pd 124 x107% | 22Ag  589x107°7 | IPAg 9.15x107° | 1ZAg 3.71x107°7 | iZAg 7.97 x 107
5Ag  1.03x107°¢ | 48Ag 1.41x 1070 | IiCd 226x 107 | 42Cd 428 x107%® | 13Cd  1.05 x 107%¢
aCd 125 x107% | 2Cd 6.98x107% | 4§Cd 6.95x107% | 1ICd 833 x107% | 4§Cd 7.78 x 107
Hacd 270x 1072 | M3In 594 x107%® | In  1.64x107° | 8In  1.29x107%® | SIn  1.89 x 107!
11%Sn 936 x107°7 | 148Sn 996 x 107% | 119Sn  1.34x107% | 29Sn  1.56 x 107%° | 12ISn  5.93 x 107
12290 1.11x107% | 123Sn  8.22x107% | 2¢Sn  1.60x107% | 25Sn  1.86x107% | 28Sn  3.58 x 107%
127Sn 443 x107% | 1283n 529 107% | 29Sn  1.61x107% | 2iSb  1.52x107°7 | 2¥Sb  1.83 x 107"
1258h  5.56 x 107% | '27Sb  1.73x107% | 28Sb 518 x107% | 29Sb  6.76 x 107% | 30Sb  4.43 x 107%
Bish  1.02x107% | 132Sh 210 x 107 | ZTe 6.66x107% | 28Te 225x107% | 29Te 8.30 x 107
39Te  7.06x107% | 3BTe 1.94x107% | 32Te 4.71x107% | 33Te 9.95x107°7 | 39Te 1.04x107%
127 1.70x107% | 1201 265 x107°0 | 13T 3.01x107% | 1321 341 x107°7| 31  210x107%
1341 1.14x107% BT 162x107% | BlXe 4.63x107% | 132Xe 498x107%% | 133Xe 4.83x 1077
3dXe 6.22x107% | 3¥Xe 1.72x107% | Xe 240x107% | 37Xe 2.61x1071°| 138Xe 8.30x 1077
133Cs  1.01x107% | 135Cs  6.67x107% | B7Cs 1.24x107% | 138Cs  6.37x107% | 139Cs  1.39 x 1077
BTBa 292 x 107 | 28Ba 837x107% | 2Ba 7.70x 107 | Ba 1.17x 1079 | #Ba 842 x 1077
2Ba 954 x107% | 3La 358x107% | 2%La 254 %x107%% | HLa 637x107% | 22La 3.34 x 107
4378 2.80x10797 | 20Ce 213x1071° | HCe 7.89x107°7 | 2Ce 1.37x107% | 23Ce 4.78 x 1076
iCe 7.26x107% | M2Ce 4.68x 1072 | MCe 1.81x107°7 | MPr 273x107'0 | M3Pr 7.16x107%
HWPr  277x10710 | MSPr 353x 1079 | MSPr  1.17x107° | ¥Pr 1.18x107°7 | 1$3Nd 6.02 x 10711

TEONd 443 x 10719 | TN 3.95x 10797 | WSNd 252 x107% | WINd 231 x107% | ESNd  3.06 x 107

ONd  1.61x 1079 | 129Nd 356 x 107° | 12INd  1.20 x 107°7 | 122Nd  1.09 x 107°7 | ¥/Pm 4.27 x 107%

9Pm 735 x107°7 | 13iPm 311 x107° | 132Pm  6.16 x 107% | 12¥Pm 1.48 x 107° | 189Sm  4.83 x 107%°

123Sm 559 x 1079 | 1229m  3.98 x 107 | 125Sm  3.55 x 107°¢ | '24Sm  4.33 x 107% | '23Sm  5.49 x 1077

Table 4 continued



RADIOACTIVE DECAY OF r-PROCESS NUCLEI 21
Table 4 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
128Sm  3.92x107% | 127Sm  1.98 x 107%® | 128Sm  1.78 x 107 | 23Eu  4.60 x 107 | 22Eu  2.86 x 107%
B%Fu 295 %x107%7 | 7Eu 328 x107% | ¥¥Eu 204 x107% | 18Eu 4.45x107°7 | ¥3Gd 3.01 x 107!
155Gd  2.80x 1070 | 187Gd  1.23x107%7 | 138Gd 242 x107% | 129Gd 3.83x 107% | 189Gd 5.39 x 107%¢
181Gd 7.01x 107" | 182Gd 477 x107%® | 2Tb  9.76 x 107 | & Tb 5.37x107% | €2Tb 1.83 x 1077
3Th 897 x107°7 | Th 985 x 10712 | 8Dy 203x107% | 182Dy 6.32x107% | 8Dy 6.17 x 107
18Dy  7.49x107% | 18Dy 461 x107% | 8Dy 543 x107% | Dy 519x107% | 8Dy 3.17 x 107
185Ho 1.49x107% | 88Ho 451 x107°% | 87Ho 3.20x107° | 88Ho 1.66x107°% | 8Ho 4.38 x 1071°
WHo 1.16 x 1072 | 8SEr 578 x 10710 | 87Er 6.79x 10797 | 88Er 3.63x 1079 | 18Er 247 x 107
TOEr 268 x107% | WHEr 1.97x107% | 2Er 273x107% | WEr 664 x 10712 | 18 Tm 6.59 x 107%
Tm  1.86x 1077 | 2Tm 3.80x107% | 1B Tm 212x107% | 1TTm 3.19%x107% | ¥Tm 1.57 x 107°7
I5Yb 3.80x 1071 | BYb 2,06 x 1071 | UBYb 179 x 107°7 | T5Yb 284 x 107% | T8Yb  2.05 x 107
T8Yb  212x107% | MIyb  1.22x107% | ¥8Yb  8.02x 1077 | MdYb 584 x107% | PLu  9.62 x 107%
Tilu  5.08x107%7 | M8Lu 294 %x107%7 | WLu 884 x107% | Lu 1.28x107% | BlLu 7.61 x 10712
WIHE  1.12x 1079 | M8Hf  3.00 x 107°7 | MESHf 114 x107°7 | BIHf 1.05x107% | BIHf 7.71x 1077
B2Hf  9.89 x 10797 | B3Hf 245 x107°7 | BiHf 653 x107°7 | BSHf 7.93x 10712 | 81Ta  4.67 x 10710
183Ta  2.27x107°7 | 84Ta  1.13x107°7 | 8Ta 511x107°7 | 85Ta 455x107% | BW 6.88 x 10710
BAW  462x107% | BW  587x107°7 | W  1.74x107% | BTW  225x107% | BW 515x107%
BIW  1.72x 10797 | 29W 278 x 1079 | #2Re 1.17x 1070 | ¥IRe 6.10x107°% | BRe 2.04 x 107%°
BRe 7.17x107% | 20Re 3.20x107%7 | 2URe 245 x107°7 | 23Re 3.53x 1077 | B0Os 4.07 x 1071
B90s  1.52x107%7 | 290s 7.96x107% | 2l0s 1.64x107% | 220s 1.99x107% | 230s 274 x107%
1280s  3.06 x 107% | 280s 578 x107% | 280s 6.78 x 107°° | 2TOs 5.65 x 1072 | 280s  1.85 x 1077
Py 244 x107% | 23Ty 498 x107%7 | 2r  3.91x 1070 | 2Ty 251 x107% | 2Tr  1.73x 107"
Py 220x107% | 281y 220x107% | %3Pt 6.98 x 1072 | 2Pt 7.19x107°¢ | 2Pt  1.50 x 1079
2Pt 1.35x107% | 8Pt 6.72x 107 | 2Pt 9.69x107°7 | 2%0Pt 230 x 107% | 222Pt 1.84 x 107
97Au 374 %x 10797 | 29Au 270 x107% | 2MAu 856 x 107% | 2%UAu  452x107°7 | 22Au  3.30 x 10710
199Hg  1.50x107% | 200Hg 4.12x107° | 20Hg 1.48x107° | 20%3Hg 2.82x107°® | 2%3Hg 2.40 x 1077
2WHg  1.93x107% | 2371 1.41x1071°

Table 5. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 2 hours.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
87n  1.09x107% | ¥7Zn 563 x107% | $9Ga  341x107% | 1Ga 143x107% | 3Ga 3.46 x 107%™
MGa 637x107% | BGe 1.13x107% | TGe 1.43x107% | I3Ge 1.04x107% | ISGe 6.39 x107%
TGe 242x107% | TBAs 1.71x107% | TTAs  3.11x107% | TPAs  3.58x107%® | I7Se  5.70 x 1077
MSe  350x107% | $9Se 2.04x107% | §iSe 3.39x107% | $§3Se 451 x107% | %iSe  7.67 x 107
8iBr  2.93x107% | 8Br 202x107% | 8Br 140x107% | 8Kr 1.09x107% | 8iKr 1.58x107%
82Kr  2.09x107% | SIKr 7.24x107° | 88Kr 1.82x107™ | $£Rb 295x107° | §Rb  1.40 x 107
88Rb  210x107% | $2Rb 448 x107%7 | §Sr  9.40x107% | §Sr 8.02x107% | $Sr  1.90 x 107%
938r  1.33x107% | 92Sr  265x107% | 2BSr  1.00x107 | 8Y  717x107% | BY  9.93x1071°

WY 202x107% | %2y 151x107% | %Y  6.34x107° | ¥Y 330x107% | P¥zr 1.04x 107

Table 5 continued
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Table 5 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
9%Zr  1.01x107% | 927r 346x107°7 | 2¥7Zr 836x107°7 | %Zr 1.02x107% | %Zr 5.41x107%
BNb 7.99%x107% | ¥Nb  275x107% | $BMo 587 x1072 | IMo 1.92x107°7 | BMo 5.38 x 107
9SMo  1.23x107% | 1Mo 1.64x107% | 1%2Mo 6.62x107% | 12Mo 147x107% | Tc  2.61 x 1077
WTe 348 x107%7 | 227¢ 116 x1071° | WTe 277 x 1077 | Tc  3.74x 107! | WIRu  1.90 x 107%
12Ru 229 %1079 | BRu 216 x107%° | URu  242x107% | BRu 146 x 107%° | ¥Ru  1.24 x 107
12%Rh  3.10x107% | 2°Rh  4.65x107% | 2°Rh 116 x 107" | 'WYRh 4.09 x 107°7 | '9¥Pd  8.74 x 107
Pd 1.90x107% | 9Pd  1.49x107% | '¥Pd 866 x 107 | 'R®Pd 1.13x107% | 1fPd 1.13x 107
Hipd  3.19x107°7 | HM2Pd 1.20x107% | 2Ag 1.18x 107 | HAg 1.07x107% | 1}2Ag  6.57x 107°7
BAg  7.00x107% | PAg  1.29x107°7 | '3Cd 6.20x107°® | 'jZCd 1.58 x107°7 | 'i3Cd 2.02 x 107
HaCd 125 x107%° | H3Ccd 7.79x107% | HeCd  6.95x 1079 | ICd  6.31x107% | 8Cd  3.40 x 107
WIn  1.57x107°7 | WIn  1.90x107% | U8In  5.65x107% | iSn 270 x107% | 18Sn  1.43 x107%
OSn 134 x107% | Sn 156 x107% | 25Sn  5.78 x 1079 | '22Sn  1.11 x107% | '23Sn 822 x 107
128Sn 1.60x 107% | 125Sn  1.85x 1079 | !28Sn 358 x107% | FSn  3.19x107% | ZSn  2.62x107%
1219h 3.02x 10797 | 128Sb  3.67x107% | 2PSb  1.11x107°7 | 2/Sb 296 x 107% | 28¥Sb  7.36 x 107
1298b 577 x107% | 129Sb  1.55 x107% | 2{Sb  1.68 x107% | '23Te 3.19x107'2 | 2ZTe 2.34x 1077
128Te 718 x 1079 | 129Te 120x107%° | 139Te 995x107% | 31Te 6.94x107% | 132Te 4.67 x 107
133Te  357x107%% | 34Te 3.83x107% 277 124 x 1078 1291 8.90 x 107 Bl 510%x107%
1321 6.17 x 10797 1331 2.12x107% 1321 9.40x 1079 1357 146 x107% | B1Xe 1.99 x 1077
132Xe  1.97x107%7 | 133Xe 1.19x107% | 131Xe 1.48x107% | 13%Xe 3.16x107% | 139Xe 2.40 x 1079
138Xe 438 x107%% | 12Cs 5.62x107% | ¥Cs 254x107%7 | BICs  1.24x107% | 2Cs 217 x107%
Cs  1.57x107%° | 3IBa  6.17x 107 | 138Ba 134 x107% | 3¥Ba 476 x107% | 0Ba 1.17x 107%
HiBa 865 x107% | M2Ba 1.89x107% | ¥La 665 x107° | '2La 512x107%® | 3La  6.01 x 107
H2Ta 218 x107% | 3La  150x107% | ¥0Ce 873x1071° | HCe 1.90x107% | 22Ce 2.62x 107
133Ce  4.95x107% | HCe 7.26x107% | 8Ce 8.35x107% | MPr 147x107% | ¥Pr 1.75x 1077
HaPr  3.03x 10719 | MSPr 315%x107% | MSPr 264 x107°7 | MIPr 530x107% | E3Nd 3.22x 10710
ANd 115 x 1079 | 1BNd  7.81x107°7 | 5Nd  3.60 x 107% | 4INd 241 x107% | ¥SNd  3.06 x 107
1ONd  1.08 x 10796 | 139Nd  3.56 x 1076 | 183INd 4.22x 1079 | 122Nd 284 x107% | %¥/Pm 1.05x 107
BOPm  1.25x107% | 21Pm  3.15%x107% | 22Pm  1.61x107% | 139Sm 1.81x107% | 181Sm 1.33 x 1077
192Sm  4.15x 107% | 123Sm  3.50 x 107%° | 123Sm  4.33 x 107°° | 1285Sm  8.50 x 107%® | 28Sm  3.64 x 107°°
187Sm  1.12x 1070 | 13%Eu  9.88x107% | 18Eu  3.32x107% | 3Eu 573 x107% | 87Eu  3.16 x 107%
28Fu 826 107°7 | 29Eu 447 x 107 | 132Gd 827 x 107 | ¥Gd 1.11x 1079 | ¥IGd 2.70 x 1077
198Gd  3.64x107% | 129Gd 4.08 x 107% | 189Gd 5.39x107% | 182Gd 3.38 x 1070 | ¥¥Tb 249 x 1077
BTh  535x107°¢ | 2Th 207 x 1079 | 183Tb 1.06x107°7 | 18Dy 4.27x107% | 82Dy 6.54 x 107
18Dy  6.96 x107% | 8Dy 7.49x107% | 8Dy 343 x107% | 8Dy 539x107% | 8Dy 6.34 x 107'2
18Dy 266 x 10710 | ®8Ho 268 x107° | ¥fHo 893 x107% | ¥THo 263 x107% | ¥Ho 1.39 x 1070
SEr  232x107% | STEr 134 x107% | 88Er 3.68x107% | 82Er 246 x107% | 0Er 268 x 107
TiEr  1.80%x107% | 22Er 2.69x107% | 18Tm 1.42x107% | W Tm 3.60x107°7 | 122Tm 7.56 x 107%8
T8Tm  1.95x 107 | W Tm 145 x 10712 | 1B Tm 1.02x107% | 7yb 151 x 1071 | 72Yb 825 x 107 1°
8Yb  3.50x 10797 | M3Yb 284 x107% | MdYb 218 x107% | MSYb 212x107% | MIYb  8.50 x 1077
T8Yh 457 x 10797 | MOYDL 323 x 107 | WPLu 244 x107% | MLu 877 x107°7 | ¥¥Lu 237 x 1077
WLu  7.65x107%7 | WIHf 418 x107% | YWSHf 7.02x107° | YMIHf 238x107°7 | BIHf 1.05x 107

Table 5 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
BIHF 770 x 10797 | B2Hf  9.89 x 107°7 | BEHf 124 x107°7 | BAHf 552x107°7 | 81Ta  9.92x 1071
183Ta 346 x107°7 | BTa 2.02x107°7 | 8Ta 220x107°7 | 18Ta 867 x10710| W 235x107%
W 173 x107% | BIW 878 x 1077 | BSW 178 x 107°¢ | BIW  2.19x107° | B¥W  5.15 x 107°¢
BOW 353 x107% | M29W 695 x107°7 | BERe 4.06 x 107'° | BIRe 1.25x107°7 | B8Re 4.04 x 107%°
B9Re 7.13x107% | 29Re 8.01x107%® | 2URe 3.51x107% | 23Re 4.24x107% | B80s 1.65 x 1071
B90s  3.58x107%7 | 290s  1.03x107% | 2l0Os 1.66x107% | 220s 1.99x107% | 230s 2.71x107%
1280s  3.06 x 107% | 280s  9.61 x 107! | 280s 2.06 x 107%° | 28O0s 4.81 x107% | AIr 563 x 107"
23 1.13x107% | ¥ 774 x 107 | 12 186 x107% | 2Ir 525x107% | 27r  1.69x 107!
P8y 5.69x 107 | %Pt 280 x 107 | %3Pt 1.38x107% | 2Pt 1.99x107% | 2Pt 1.31 x107%
128Pt 691 x107% | Pt 251 x 10797 | 2Pt 218 x107% | 222pt  1.81 x 107% | 27Au 837 x 1077
P9AL  3.39x107% | 20Au  1.19x 1079 | Z%Au  9.13x107% | 222Au  3.25x 10710 | 29Hg 4.38x 107
2WHg  1.31x107%7 | 2%Hg 1.84x107% | 2¥Hg 5.70x 107 | 2%Hg 240 x 107°7 | 2%Hg 1.93 x 107%
23Tl 2,90 x 10710

Table 6. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 4 hours.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
897n  249x107% | ¥7Zn 563 x107% | $9Ga  425x107% | T1Ga 143 x107% | ¥Ga 260 x107%
MGa 227x10712 | BGe 1.99x107% | TiGe 1.43x107% | I3Ge 3.79x107% | ISGe 6.39 x107%
TGe 2.14x107% | TBAs  237x107% | TTAs  577x107% | TPAs  3.50x107'? | I7Se  2.17x 107
MSe  350x107% | $9Se  2.04x107% | §iSe 3.74x107% | $§3Se 451 x107% | %3Se  1.83 x 10777
88Br  296x107% | £Br 1.17x107% | §Br 1.02x107% | $£Kr 2.01x107| $Kr 1.71x107%
S82Kr  2.09x107% | SIKr 243x107° | 88Kr 1.12x107% | $£Rb  6.02x107° | §Rb 1.88x 107
88Rb  131x107% | $2Rb  1.97x107% | £Sr  1.73x107% | §Sr 8.06x107% | 9Sr  1.90 x 107
988r 115 x107% | 92Sr  1.56x107% | 83Y  1.64x107°7| BY 200x107%° | UY 3.79x107
2y 1.91x107% | ¥y  554x107% | B¥Y  1.03x107'2 | Pzr 429x 1071 | P¥zZr  3.89 x 107%°
927r  1.04x107° | 9BZr 1.64x107% | PZr 1.02x107% | ¥Zr 498 x107% | PBNb  1.71 x 1078
9Nb  3.40x107°7 | BMo 266 x 107 | Mo 557 x107°7 | ¥Mo 538x107% | Mo 1.21 x 1079
Mo  1.64x107%° | 9IMo 223 x1071° | 2Mo 936 x 10712 | 99Tc  5.17x107°7 | %Tc 218 x107%
8Tc  294x107%° | YRu  1.94x107% | 12Ru  229x107% | 12%Ru 215 x107% | 2%Ru 245 x107%
WRu 1.07x107%° | %Ru  1.24x107% | BRh 627 x107% | 2Rh 831 x107° | WRh 1.16 x 107 *
9PRh 886 x 107%9 | '9¥Pd  3.46 x 107°7 | 98Pd  3.83x107%° | ¥Pd 153 x107% | YPd  8.66 x 107
19Pd  1.02x107% | M0Pd 1.13x107% | HPd 913x107% | 12Pd 1.12x107% | 192Ag 2.27x107%
WHAg  1.09x107% | 1ZAg  1.04x107° | ZAg 541 x107° | 1PAg 2.02x107% | '}3Cd 1.46 x 1077
H2Cd 542x107°7 | M3Cd 361 x107° | MiCd 125 x107%° | MECd 771 x 1079 | MeCd  6.95 x 107
Hicd 361x107% | 48Ccd 651 x107°7 | 48 359 x107°7 | HIn  1.37x107% | 48In  1.08 x 107%°
Hisn  5.92x107% | H8Sn  1.71x107% | 19Sn 1.34x107% | 29Sn 156 x 107%° | '2ISn  5.49 x 107
12260 1.11x 1079 | 28Sn 821 x107% | 2iSn  1.60x107% | '25Sn  1.84x107% | 25Sn  3.58 x 107%
128n 1.65x107% | 1289n  6.40x107% | 12{Sb 591 x107°7 | 128Shb  7.34x107% | 125Sb  2.22x 1077
1279h 444 x107% | 1288h  8.11x107% | 120Sb  4.20x107% | 29Shb  1.88x107% | 3{Sb  4.55 x 1078

Table 6 continued
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Table 6 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
122Te 127 x 1071 | 2ITe  7.32x107°7 | 28Te 1.94x107% | 29Te 1.25x107%° | 29Te 1.13x107%
131Te 439 x107°7 | 32Te 458 x107%° | 133Te 4.60x 1071 | 133Te 5.24 x 1077 1277 822 x 107%®

1291 241 x107% | 131 587x107% | 321  9.63x107°7 | 131 1.99x107% | 31  3.21 x107%
1357 118 x 107 | BiXe 6.05x 1077 | 22Xe 6.85x 1077 | Xe 254x107% | BXe 243x107%
13%Xe  5.29x107% | 139Xe 2.40x107% | 138Xe 1.22x107'0 | 3Cs 2.62x107%® | 3Cs  9.06 x 1077
BICs  1.24x107% | 38Cs  1.86x107%7 | 137Ba 1.27x 1071 | 13¥Ba 154x107% | 13¥Ba 1.75 x 107
WBa 1.16x107% | ¥Ba 911x1071° | ¥La 9.67x107% | La 1.01x107°7 | ¥lLa 4.28 x107%
2T 875 x107°7 | 3La 428 x 107 | 0Ce 3.50x107% | MCe 3.71x107% | 2Ce 3.93x 107
H3Ce 4.76x107% | MCe 7.26x107% | ¥Ce 1.78x 107 | 8Pr 6.55x107% | ¥pPr 3.77x 107"
HaPr  3.06x 10710 | MSPr 250x 107 | Pr  9.00x107%° | &Pr 1.07x 107 | 83Nd 1.50 x 1079
ONd 262 x107% | 18Nd 143 x 107% | 4SNd  3.87 x 107% | 4INd 241 x107% | §§Nd  3.06 x 107
INd  4.83x 10797 | 12INd 356 x 107° | 12INd 527 x 10712 | 122Nd 1.92x 10712 | ¥Pm 2.32x107%

OPm  1.81x107° | B1Pm 3.00x 107 | ¥2Pm 1.09x 1072 | 42Sm 1.29x 107'? | 49Sm 5.91 x 107
191Sm  2.83x107% | 122Sm  4.15x107% | 123Sm  3.40 x 107% | 123Sm 4.33 x 107% | 128Sm  2.04 x 107%
128Sm  3.14x107% | 2%Eu 2.02x107%7 | 23Eu  3.40x107% | 2Eu  1.07x107% | 2TEu 2.88 x 107%
18Fu  1.35x107°7 | 139Eu 451 x 10710 | 182Gd  1.96 x 10710 | 185Gd 4.25 x 1079 | 81Gd 5.46 x 1077
158Gd  4.33x107% | 129Gd  3.83x107% | 189Gd 5.39x107% | B2Tb 546 x 1077 | 8 Tb 5.30 x 107%
3Tb 149 x 1079 | %Dy 874 x107% | 82Dy 6.55x107% | 8Dy 7.07x 107% | %Dy  7.49 x 107
5Dy 1.89 x107%¢ | Dy 529x107% | 182Ho 4.21x107% | 18Ho 1.73x107°7 | 87Ho 1.68 x 107
BSEr 913 x107% | ¥TEr 229%x107% | 88Er 3.68x107% | 82Er 244 x107% | 0Er 268 x107%
WEr  1.50x107% | 2Er 262x107% | 8@Tm 292x107% | 2 Tm 6.63x107° | 12Tm 1.48 x 1077
T8 Tm  1.65x107% | 128 Tm  4.27x 107" | Tvb 576 x 107 | 2Y¥b  3.27x107% | ¥3Yb  6.51 x 1077
T4Yb 284 %1079 | M3Yb 216 x107% | H8Yb 212x107% | MIYb 4.12x107°7 | ¥8Yb  1.49 x 1077
Tu 545 x107% | Lu 131 x107% | Lu  9.00x107%® | WLu 566 x107% | YIHf 1.39 x 107%
TSHf 116 x 107° | MOHf 438 x107°7 | BIHf 1.05x107° | BIHf 7.69x107°7 | #ZHf 9.89 x 1077
BSHf 318 x107% | BiHf 394 x107°7 | 81Ta 204 x107% | 83Ta  434x107°7 | 84Ta  3.17x 1077
185Ta  4.09x107% | BW 6.89x107% | BW 596x107% | BW 1.06x107% | W 1.78x107%
BIW 207 x 107 | B8W 514 %1079 | BIW 148 x 1072 | W 434 x 1079 | #Re 1.17x107%
BTRe 248 x107°7 | B8Re 7.81x107% | BRe 6.74x107° | 2PRe 5.00x107% | BEOs 6.50 x 107*°
B90s  7.53x107°7 | 1290s  1.10x107% | 210s 1.65x107% | 220s 1.99x 107% | 230s 2.59 x 107%
240s  3.06x107% | 280s 1.90x107°7 | ¥80s 3.23x 1072 | R 1.20x107°7 | P3r  2.36 x 107
2 1.50x 10799 | MBI 1.02x107% | %Ir 484 x107% | WPt 1.10x 1070 | 2Pt 222x 107
6Pt 218 x107%° | 2Pt 1.22x107% | 8Pt 691 x107% | 2Pt 1.69x107% | 20Pt 1.95x 107
202pt 1.76x107% | PIAu 1.72x107% | ¥2Au 356 x107% | 20Au 128 x107%7 | dAu  3.73x107%
202Au 3.15x 10710 | 199Hg 1.09x 107°7 | 20Hg 3.49x107°7 | 2%Hg 1.92x107% | 22Hg 1.13x 107"
WHg  2.39x107%7 | 2¥Hg 1.93x107% | 2371  5.87 x 10710
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Table 7. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 8 hours.
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
97Zn  1.30x107° | 87Zn  563x107% | $9Ga 448 x107% | 11Ga 143x107% | 3Ga 147 x 107%™
BGe 312x107%™| T8Ge 143x107% | BGe 5.08x107% | 78Ge 6.39x107%| I7Ge 1.67x107%
BAs  270x107% | TTAs  988x107° | TiSe 7.85x107% | I9Se 3.50x 107 | §iSe  2.04 x 107%®
818e 454 x 1072 | 823e 451x107% | 83Se 1.03x107°| &Br 296x107% | §Br 3.66x107%
83Br 541 x107%® | £Kr 282x107% | $#Kr 1.72x107% | $£Kr 2.09x107% | §¥Kr 2.75x 107"
88Kr 4.19x107% | $Rb 1.22x107°® | §TRb 210x107° | §Rb 4.90x107% | §8Ssr 2,51 x 107%™
899r  8.04x107% | 9%Sr 1.90x107% | 3Sr 862x107° | Sr 540x107%7 | Y 348 x107°7
WY 396x107° | PY  665x107°¢ | PY  1.53x107° | PY  4.22x107% | PzZr 1.72x 10710
9%Zr 143 x107%® | 92Zr 244 x107% | BZr 296x107% | PzZr 1.01x107% | TZr 4.22x 107
®Nb  354x107%® | Nb 322x107° | $BMo 1.13x107| IMo 1.33x107% | PBMo 5.38x 107
WMo 116 x107% | 1Mo 1.64x107% | PTc 1.01 x107% | iRu 1.94x107% | 22Ru 229 x 107%
WRu  215x107% | YURu 245x107%° | PRu  5.73x107% | 1P¥%Ru  1.24x107% | 93Rh 1.26 x 1077
9Rh  1.24x107% | WRh  1.16 x 10711 | 7Rh  4.15x 10712 | 18Pd  1.18 x 107% | 19Pd  7.70 x 107%°
17Pd 1.53x107% | 28Pd  8.66x 107 | 2¥Pd 837x107° | 10Pd 1.13x107% | }4Pd 7.46 x 107'2
H2pd  9.84x107% | WAg 414x107% | MAg 1.07x107% | 12Ag 1.34x107% | 1}2Ag  3.23x 1079
Hod 315%x107°7 | H2cd 163 x107% | H3cd 579 x107% | Hicd 125 x107% | HMPCd  7.32x 107
8cd  6.95x107% | ICd 1.19x107% | 48Cd 238 x107% | 3In 749 x107°7 | 4SIn  4.81 x 107°7
W8I 3.96x107" | iSn  9.24x107% | 8Sn 177 x107% | ®Sn  1.34x107% | 20Sn  1.56 x 107%
2l9n 495 x107% | 228n  1.11x107% | 23Sn  8.20x107% | 24Sn  1.60x107% | 25Sn  1.82x107%
1256n 358 x 107% | 120Sn 440 x 107 | 28Sn  3.83x107°7 | 3Sb 1.13x107% | 12Sb 147 x107%®
1258b  4.41x107%7 | '2{Sb 549 x107% | '28Sb  6.46 x 107 | '2{Sb  2.22x 107% | 30Sb 2.79 x 107
Blsh  3.32x 1071 | BTe 5.08x1071 | ZTe 1.87x107% | 28Te 420x107% | 2Te 7.80x107%
139Te  1.15x107% | 3B1Te 888 x 10710 | 332Te 442x107% | 133Te 9.79 x 107 1277 4.69 x 1077
1297 485 x107% | 131 583 x107% | 1321  1.23x107% | 131 1.74x107% | 31  1.95x107"
1331 777 x107% | BiXe 1.45x107% | 3Xe 2.04x107% | 33Xe 4.94x107° | 131Xe 278 x107%°
13%Xe  7.38x107% | ¥Xe 240%x107% | 133Cs  1.09x107°7 | 135Cs 289 x107% | 3¥Cs 1.24 x 107%°
B8Cs  1.28x107% | 13TBa 257 x 1071 | 138Ba  1.56 x107% | 39Ba 237 x107%7 | ¥Ba 1.15x107%
B9 1.12x107% | ¥0La 1.96x107% | ¥La 211x107% | ¥2La  141x107°7 | 0Ce 1.38 x 1078
HlCe 5.86x107% | M2Ce 4.66 x107% | 3Ce 4.37x107% | MCe 7.25x107% | 8Pr 240x107%
Epr 755 %x 10797 | MPr  3.06x 10710 | HiPr 157 x107% | HSPr 921 x107'% | 43Nd 6.34 x 107%
ANd 556 x 10799 | 18Nd 236 x 107°6 | 45Nd  3.88x 1079 | INd 238 x107% | ¥8Nd  3.06 x 107
ONd 971 x 1079 | 139Nd 356 x 107° | 4/Pm  4.84 x107% | Pm 209 x107% | ¥IPm 2.72 x 107

B7Sm  5.62x 1072 | 4Sm  1.63x107°7 | 23Sm  5.63x107%7 | 22Sm  4.15x 107% | 23Sm  3.20 x 107

182Sm  4.33x107% | 5Sm  1.17x107'2 | ¥5Sm 234 x107% | BlEu 196 x 1072 | ¥3Eu  4.00 x 1077
B%Fu  3.40x107% | 2%Eu  1.86x107° | ¥TEu 240x 107 | ¥8Eu  3.60x107% | 23Gd 4.23x1071°

195Gd 155 x 107 | 127Gd  1.03x 107% | 128Gd 4.46 x 107% | 129Gd 3.29 x 107% | 189Gd 5.39 x 107%
B2Th  1.08x107° | Th 521 x107% | 8Dy 1.76x107°7 | 182Dy 6.55x107% | 18Dy 7.07 x 107
18Dy  7.49x107% | 18Dy 577 x107°7 | 8Dy 512x107% | %Ho 553 x107% | %Ho 3.24 x 107°7
8THo 6.88x107°7 | 8Er 3.50x107%% | 87Er 328 %107 | S8Er 3.68x 107 | SEr 241 x 1079
WOEr 268 x107% | WEr  1.04x107% | 2Er 248 x107% | 18Tm 591 x107% | 1WTm 1.12x107%

T2Tm  2.82x107% | 3 Tm 118 x107% | Mivb 207 x1071° | ¥2Y¥b 1.27x107% | ¥3Yb 1.12x 107

Table 7 continued
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Table 7 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
T4Yb 284 %1079 | M3Yb 211 x107% | ¥8Yb 212x107% | MIYb 9.65x107% | ¥8Yb 1.57 x 107
Tu 1.13x107% | YLu  1.59x107% | WLu 977 x107% | PLu  3.09x 107°7 | 7IHf 3.98 x107%
SHf 1.37x107° | 9Hf 6.94x107°% | B9Hf 1.05x107° | 8IHf 7.67x107°7 | 82Hf 9.89 x 1077
BSHf 2,09 x107% | BAHF 201 x107°7 | 81Ta 413 x107% | 83Ta 454 x107°7 | 8Ta  3.93x 1077
18Ta  141x107% | BW 1.71x107% | BW 1.77x107% | BW 1.09x107% | W 1.78x107%
BIW  1.84x 107 | W 513 x107% | 20W  1.70x 1070 | B Re 284 x107% | ¥Re 4.73x 107"
B8Re 1.45x107% | BRe 6.01x107% | 2Re 1.96x 107 | BEOs 248 x107% | BOs 1.48 x 107
20s  1.11x107% | los 1.64x107% | 1220s 1.99x107% | 1220s 236x107% | 280s 3.06 x 107%°
280s  1.62x107% | Ry 247 %1077 | 2Ir  4.66x107% | 22r 280 x107% | ¥2Ir  3.03x 107%
28T 412x 1071 | 24Pt 4.22x 10710 | 128Pt 293 x107% | 0Pt 2201079 | Pt 1.06 x 107%°
28Pt 691 x 1079 | 22Pt  7.61x 1071 | 2Pt 157 x107% | 22Pt  1.65x107% | 27Au  3.30 x 107
P9Au  345%x107% | 2MAu 1.07x107°7 | 2Au 620x 10712 | Z2Au 296 x 10710 | 99Hg 2.38 x 1077
WHg 756 x107%7 | %UHg 1.93x107% | 2¥Hg 2.20x107%7 | 2BHg 2.39x 1077 | 2%Hg 1.93x107%
2T 1.18 x 1079°

Table 8. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 16 hours.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
9Zn  357x107% | ¥7Zn 563 x107% | $9Ga  450x107% | T1Ga 143 x107% | 3Ga  4.69 x 107
BGe 412x107%| 8Ge 143x107% | BGe 9.13x107%® | 78Ge 6.39x107% | I7Ge 1.02x107%
PAs  275x 107 | TTAs 146 x 1079 | TiSe 258 x 1079 | I9Se  3.50x 107 | 8§9Se  2.04 x 1079
§28e 451 x107% | TBr 1.34x107'% | §Br 296x107% | $£Br 354x107% | $Br 1.53 x 107'2
88Kr  315x107% | SKr  1.72x107% | 8Kr 209x107% | S8IKr 351x107% | 88Kr 5.88x 107
S82Rb  245x107%® | §TRb 2.12x107% | 88Rb 6.89x107°7 | 58Sr 291 x 107 | 5§Sr  8.00x 1079
28r  1.90x107% | 9%Sr 485x107% | 32Sr 645x107%® | 8Y 714x107%7 | PY  7.63x107%°
%Y 1.04x107% | %2y 5.04x107°7 | ¥y 245x107% | Pzr  6.77x1071° | zZr  4.86 x 107
927r  394x107° | 9BZr 473x107% | PZr 1.01x107% | ¥Zr 3.03x107% | PBNb 7.16 x 1078
2INb 234 x107°7 | $Mo 467 x 1070 | Mo 261 x107°°| BMo 538x107° | PMo 1.06 x 1079
Mo 1.64x107%° | %Tc  1.95%x107° | Ru  1.94x107%° | 2Ru  229%x107% | WRu 214 x 107
MRu 245 x107% | BRu  1.64x107% | P¥Ru  1.24x107% | P2Rh 252x107°7 | ' Rh 1.44 x 1079
Rh 116 x 107 | P8Pd 3.35x 107% | WEPd 154 x 107%% | Pd 153 x 107% | PPd  8.66 x 107
®Pd 558 x107% | M2Pd  1.13x107% | 2Pd  7.56 x 107°¢ | P2Ag 693 x107°¢ | IAg 1.04 x 107
H2Ag 126 x107°° | 13Ag 1.15x107°¢ | 1iCd 6.43 x 10797 | 42Cd 3.99x 107 | 43Cd 7.87 x 107
Hicd 1.25x107%° | H2Cd  6.60x107° | USCd 6.95x107% | UTCd 128 x107°7 | H8Cd 3.20 x 107!
Mo 147x107% | Wn 521x107% | HiSn  1.07x107% | 8Sn  1.77x107% | ¥Sn  1.34 x107%
1208n  1.56 x 107% | '21Sn  4.04x107% | '22Sn  1.11x107% | 28Sn  8.19x107% | 24Sn  1.60 x 107%
1259n 1.77x107% | 1288n 358 x107% | 127Sn  3.14x107°7 | 128Sn  1.37x107% | 2{Sb  2.04 x 107
1256b 2,93 x107% | 12°6b 871 x107%7 | 2/Sb 557 x107% | 128Sb  3.52x 107% | 129Sb  6.25 x 107%
1398h  6.13x 10712 | 28Te 2.01x107'°9 | 27Te 358 x107% | 28Te 7.17x107% | 29Te 2.26 x 107
B9Te  1.15x107% | 122Te 411x107% | B3Te 342x10712| HT  213x107° | 121 7.00x107%

Table 8 continued
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Table 8 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
BT 567x 107 | ET 125 x107°° | BT 1.34x107% | 5T 413x 107 | T 3.35x107%°
BiXe 311x107% | '3Xe 5.09x107% | #Xe 871x107% | HXe 280x107% | 'Xe 7.20x107%°
135Xe  2.40x107% | ¥Cs 414 x107°7 | BECs 7.49x107°¢ | B¥Cs 1.24x107% | ¥Ba 517 x107%
%§Ba  1.56 x 107%° | '$Ba  4.33x107% | 'Ba  1.13x 107 | '¥La 1.14x107% | 'PLa  3.63x 107"
S7La 513 x 1077 | '3La  3.66 x 107%° | '5gCe 525x 107 | 'JiCe 7.42x107% | 'JCe 4.80 x 107
3Ce 3.70x107% | MdCe 7.25x107°¢ | MPr 7.25x107°% | M3Pr 1.41x107% | M3Pr 3.05x 107"
H5Pr  6.22x 10797 | M3Nd 250 x 10798 | MONd 114 x107% | E5Nd  3.31x107% | EENd  3.88 x 1076
'SONd  2.33x107% | §ENd  3.06 x 107%° | '§Nd  3.92x 107" | '§@Nd  3.56 x 107°° | '§{Pm  9.80 x 107

WPm 197 x107% | 12/Pm 224 x107% | ¥ISm 233 x 107" | 89Sm  3.77 x 107°7 | 23Sm  1.05 x 107
183Sm 415 % 107%° | 'g8Sm 284 x107%° | '§Sm  4.33x 107% | 8Sm  1.30x 107 | 'gGEu  7.68x 107"
188Bu 7.61x107°7 | '88Eu  3.40x107° | '2Eu  2.86x107° | ¥TEu  1.67x107°¢ | 8§Eu  2.56 x 107'2
85Gd 877 x 1071 | 18Gd  5.22x107% | 1FGd  1.76 x 107%° | '8fGd  4.47x 107 | 8Gd 244 x 107
'9Gd 539 x 107 | 1@Tb  1.93x107°° | &Tb 5.04x107% | '§Dy 347 x107°7 | §Dy 6.55 x 107
18Dy 7.07x107% | 8Dy 7.49x107% | 8Dy 536 x107% | &Dy 478 x107% | %Ho 6.05 x 107
"Ho 5.67x107°7 | '@Ho 1.15x107°7 | '§Er 1.28x107°7 | IEr 3.86x107°° | '&Er 3.68 x 107"
"SEr 236 x107% | 'Er  2.68x107%° | '@Er  4.95x107°7 | '@&Er 221 x107% | 1§Tm 118 x 1077

EsTm  1.66 x 107% | '22Tm  5.10 x 107°7 | 1@ Tm  6.00 x 107°7 | 3Yb  6.78 x 107'° | BYb  4.76 x 107
BYb 170 x107%° | '7gYb 284 x107% | MYb  1.99x107% | Y8Yb  212x107% | 7gYb  5.30 x 107%°
Yb 175 x 1070 | 'PLu 226 x 1077 | Y{Lu  1.63x107°° | J{Lu 1.09x107'% | '7YLu  9.24 x 107%
YIHE  9.65x 107 | 'BHf 140 x 107°° | 'BHE 9.1 x 1077 | MBPHE  1.05x 107 | 'BHf 7.63 x 1077
I82Hf  9.89 x 107°7 | B3Hf 899 x 1072 | BIHf 524x107°® | 8BTa 830x 107 | 8Ta 436 x 1077
25Ta 3.10x107°7 | 'B3Ta  1.67x 10712 | W  3.72x107% | HW  4.08x 1077 | W 1.09 x 107%
AW 178 x107%° | W 146 x107%° | W 512x107% | 'BRe 620 x 107 | FRe 8.53x 1077
Re  249x107% | 'WRe 4.79x107% | B§0s  9.00 x 107% | BgOs 271 x 107 | Os 111 x107%°
1260s  1.62x107% | 220s 1.99x107% | 280s 1.96x107% | 280s 3.06 x 107% | 2Ir  4.98 x 1077
Pr 866 x107°° | Ir  4.91x107% | B 269x 1077 | Pt 155x 107 | Pt 3.21x107%°
Pt 220x107% | 12{Pt  8.02x107°° | 2§Pt  6.91x107° | Pt 1.01x107%° | *PFPt  1.45x 107
129Au 588 x107% | 29Au 321 x107% | 2IAu  6.90 x 107°% | 222Au 261 x 1071 | 3Hg 4.83 x 1077
“0Hg  1.35x107% | %fHg 1.93x107°° | *Hg 4.16 x 107°7 | *FHg 2.38 x 107°7 | %HHg 1.93x 107
T 2.36 x 1077

Table 9. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 1 day.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
87n  9.79%x 10712 | ¥7Zn 563 x107% | §9Ga  450x 107 | TGa 1.43x107% | TGa 1.50 x 107%
BGe 444x107% | T2Ge 143x107% | BGe 1.64x107% | 75Ge 6.39x107% | TGe 6.20x107%
BAs  275x 107 | TTAs  1.63x 1079 | TiSe 482x107% | I9Se 3.50x107% | 8£9Se 2.04 x 1079
§2Ge 451 x 107 | Br 201x107*2| §Br 296x107% | §Br 342x107%7 | $Kr 3.18x107%
SeKr  1.72x107% | 8BKr 209x107% | §Kr 448x 10711 | $£¥Kr 826x107°7 | 8Rb 3.68x107%®
STRb 2.12x 107 | 8Rb  9.67x107%® | £sr 297x107% | 8sSr 7.97x107% | 2Sr 1.90 x 107

Table 9 continued
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Table 9 (continued)
Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
98Sr 273 x107% | 93Sr 772 x 107 | 8Y  1.08 x 1079 ¥Y  1.10x 1078 Y 125 x107%
%Y 127x107%7 | BY  142x107% | Pzr  1.49x107%° | PzZr 941 x107% | P27Zr  4.37x 107
97r  5.76x107% | 9%7Zr  1.01x107% | %7Zr 218x107% | $Nb  1.07x 107 | §INb  1.68 x 1077
2Mo  1.06x107% | 97Mo 3.53x107% | ¥Mo 5.38x107% | Mo 9.78 x107% | 1Mo 1.64 x 107
¥Te 280x107% | YWRu 1.94x107%° | P2Ru 229x107% | PRu 212x107% | 1%iRu 245 x 107
ORu 471 x10797 | %Ru 1.24x107%° | WRh 377 x107°7 | WRh  1.33x107% | WSRh 1.16 x 107 *
19Pd 554 %x107% | 9¢Pd 231 x107% | Pd 1.53x107% | '%¥Pd 866 x 107 | 9¥Pd 3.72x 107
OPd  1.13x107% | HM2Pd 581 x107% | 2Ag 879x107% | HAg 1.01x107% | 1}2Ag  1.00 x 107
BAg  4.09x107°7 | 3Cd  9.62x107°7 | }2Cd 5.99x107° | '}3Cd 8.61x107° | jiCd 1.25x107%
H8cd 595%x107% | fCcd 6.95x107° | HICd 138 x107% | 48In  212x107% | HIn  5.62 x 107%°
HiSn  1.09x107% | 18Sn  1.77x107% | 18Sn  1.34x107% | 129Sn  1.56 x 107% | 12lSn  3.29 x 107
1229n 1.11x107% | '23Sn 818 x107% | 2dSn  1.60 x 107 | '25Sn  1.73x 107% | 25Sn  3.58 x 107%
128Sn 224 x107% | 128Sn 491 x 1072 | '2lSb  2.79x107% | 12Sb 4.40x107% | 12Sb  1.29 x 107
1279h 5.27x107% | 1288h  1.91x107% | 120Sb  1.75x107% | 28Te 450 x 10710 | !27Te 4.42x 107
28T 878 x107% | 2Te  6.35x107°7 | 30Te 1.15x107% | '33Te 383x107%° | 201 454 x107%
1291 7.62x107% | BT 551 x107% | 32T 1.18x107%% | 13T 1.02x107% | 131 144 x107°
BlXe 4.71x107% | 22Xe 8.03x107% | 3¥Xe 1.14x107% | ¥iXe 280x107% | 13¥Xe 5.30x 107
136Xe  240x107% | 13Cs 860x107%7 | 3Cs 1.13x107%® | BCs 1.24x107% | B¥IBa 7.77x 1071
138Ba 1.56 x107% | 139Ba 791 x 107" | 9Ba 1.11x107% | ¥La 1.14x107% | ¥TLa 5.06 x 107°7
WLha 1.25x107% | 2La 948 x 107" | '20Ce 1.13x107%7 | 'MiCe 7.75x107% | 12Ce 4.80 x 107%¢
H3Ce 3.13x107% | MiCe 7.24x107% | WPr 127 x107%7 | M3Pr 1.95x107% | WPr 3.05x 1071
HSPr 246 x 10797 | 1Nd 538 x 1079 | INd 1.73x107% | 5Nd  3.68 x107% | 45Nd  3.88 x 107
BINd 228 %1079 | 8Nd  3.06 x 107° | 4INd 158 x 10719 | 12INd 3.56 x 107% | ¥/Pm  1.46 x 107°7
OPm 178 x107° | B1Pm 1.84x107° | 147Sm 5.28 x 107 | 49Sm  5.73x 107°7 | ¥lSm 1.44 x 107
1928m  4.15x 107% | 133Sm 2,52 x 107% | 123Sm  4.33x107% | 138Sm 7.18 x107°7 | 81Eu  1.65 x 107!
23Fu  1.08x107% | 2°Eu  3.40x 107 | 2%Eu 3.39x 107 | RIEu 1.16 x 107 | 123Gd 1.33 x 107%°
185Gd  1.00x 10797 | BTGd 2.27x107% | 13¥Gd 4.47x107% | 189Gd 1.81x107% | 189Gd 5.39 x 107
129Th 256 x 107% | 183 Th  4.88x107% | 8Dy 514 x107°7 | 8Dy 6.55x107% | 8Dy 7.07 x 107
18Dy  7.49x107% | 18Dy 498 x107% | 18Dy 447 x107% | 8 Ho 6.10 x 107% | 8Ho 7.45 x 107°7
18"Ho 1.92x107% | 188Er 265 x107°7 | 87Er 395 x107°¢ | S8Er 3.68x 107 | S%Er 2.30 x 1079
TOEr 268 x107% | WEr 237x107°7 | 2Er 198 x107% | 18Tm 1.75x107°7 | ZdTm 1.92 x 107%
T2Tm  6.93x107°7 | W Tm  3.06 x107°7 | Mvyb  1.27x107% | ¥2Y¥b  1.00x 107°7 | ¥3Yb  1.99 x 107
78Yb 284 x107% | 78Yb  1.88x 107 | M8Yb 212x107% | MIYb 291 x1071° | ¥8Yb 1.95 x 10712
W5Lu 333x107%7 | YLu  1.58x107% | Lu  1.22x1072 | ¥Lu 276 x107%® | TITHf 1.52x 107"
USHf  1.40x107% | MOHf 976 x107°7 | BIHf 1.05x107°¢ | BHf 759x107° | 82Hf 9.89 x 107°7
BAHF 136 x 10798 | 181Ta 124 %x107% | 183Ta 416 x107°7 | 84Ta 191 x107°7 | W 565x107%
BIW 567 x107°7 | BPW  1.09x107° | 1BSW 178 x107° | BIW  1.16 x 107°¢ | 88W  5.10 x 107°¢
1B5Re 9.56x107% | BRe 1.15x107% | BRe 3.24x107%® | ¥Re 3.81x107% | B80s 1.84 x 107
B90s  3.68x107% | 290s 1.11x107% | 2l0s 1.59x107% | 220s 1.99x107% | 230s 1.62x107%
P40s  3.06x107% | R 745x 1077 | 2Ir  1.20x 107 | 2 6.49x107% | £2Ir 239 x107%
24Pt 320x107%° | 2Pt 3.23x107%° | Pt 220x107% | 2Pt 6.07x107% | 2Pt 6.91 x 107

Table 9 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
0Pt 6.50x 10797 | 2Pt 1.28 x 107% | 9TAu  7.83x 1079 | 29Au 298 x107% | 2WAu  4.44 x 1078
222 A0 230x1071° | 1¥Hg 7.10x107°7 | 2W¥Hg 1.74x107% | RHg 1.93x107% | Z2Hg 5.88 x 1077
WHg  2.36x107°7 | 2%Hg 1.93x107% | 20371  3.54 x 107%°

Table 10. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 2 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
DZn 563 x107% | $9Ga  450x107% | T1Ga 143 x107% | 3Ga 489 x107°7 | 3Ge 4.58 x107%
aGe  1.43x107% | I8Ge 6.39x107% | ITGe 1.41x107% | TBAs 275 x107% | ITAs 1.43x10"™
Se  1.16x 107%™ | 19Se 350x107% | 8§9Se 2.04x107% | §2Se 451 x107% | PBr  4.04 x 10712
S8iBr  2.96x107% | 8Br 310x107'% | $£Kr 319x107% | §Kr 1.72x107% | 8Kr 209 x107%
88Kr  229%x107% | $£Rb  737x107% | §Rb 212x107% | £Rb 268 x1071° | 88Sr 297 x107%
899r  7.86x107% | 9%¢Sr  1.90x 107%™ | 3iSr 487 x107°7 | 2Sr 1.32x 107 | 5Y  216x107%

¥Y  1.95x107% | Y  145x107%° | BY  1.37x107° | BY 2.77x107°7 | PZr 550x 107
9%Zr 258 x107°7 | 927Zr  451x107% | 2¥7Zr  6.90x107% | 9%7Zr 9.97x107% | %7Zr  8.06 x 1077
BNb 213x107°7 | 9INb  623x107% | $BMo 423x107%° | TMo 5.01x107° | BMo 5.38 x 107
9SMo  7.60x107% | 1Mo 1.64x107% | 9BTc 4.98x107% | YRu 1.94x107% | P2Ru  2.29x107%
Ru 2.09%x107% | MRu  245%x107%° | WRu  1.11x107% | WRu  1.24x107% | WRh 7.49 x 1077
19Rh 866 x107% | '9Rh 1.16 x 107 | 1%¥Pd 1.07x107% | ¥Pd 4.63x107% | ¥Pd 1.53x107%
19%pd  8.66x107% | @¥Pd 1.11x107% | 0Pd 1.13x107% | 12Pd 263 x107% | 12Ag 1.14x107%°
HAg  919x107% | 12Ag  4.60x107°7 | 12Ag  1.85x107%® | '3Cd 1.86x107°¢ | j2Cd 9.71 x 107

3cd 9.00x107°¢ | dCcd 125 x107%° | 4ECd 436 x107° | 48Cd  6.95x107°¢ | HICd 173 x 107!
I 3.71x107% | Wn  7.05x10712 | HiSn  1.09x107% | 8Sn  1.77x107% | ¥Sn  1.34 x107%
12990 156 x107% | 2lsn 178 x107% | 22Sn  1.11x107% | 2¥Sn 813 x107% | 24Sn  1.60 x 107
1258n  1.61x107% | 1288n 358 x107% | 127Sn  8.12x107'? | 2{Sb  4.30 x107% | 128Shb 877 x 107
1259h 249 x107% | 127Sh 440 x107% | 128Sb  3.04 x107% | 129Sh 388 x107% | 28Te 1.76 x 107%
127Te  4.70%x 1079 | 128Te  1.04x107% | 2Te 1.41x107% | 29Te 1.15x107% | B2Te 3.08 x 107%°

1277 1.29x107% | 12T 785 x107% | 131  5.05x107% | 1321  9.49x107°7 | 1331  4.60 x 107
1857 115 x107°7 | BiXe 9.27x107% | 22Xe 1.57x107% | 2Xe 1.52x107% | 2Xe 2.80x107%
13%%Xe  1.28x107% | ¥Xe 240x107% | 133Cs 267 x107% | 135Cs  1.66x 1079 | 3Cs 1.24 x 107
BTBa  1.56 x 1079 | 38Ba  1.56 x 1079 | 2Ba  1.05x 1079 | ¥La 1.14x107% | ¥La 815 x 107
WLha 1.79%x107% | '20Ce 3.91x107%7 | 'MCe 771x107% | 12Ce 4.80x107% | '13Ce 1.89 x 107
aCe 7.22x107% | WPr 292x107% | 3Pr 3.06 x107% | APr 3.04x1071° | MSPr 153 x107%

ISNd  1.85x 10797 | 18Nd 349 x107% | Nd 391 x107% | 5Nd 3.88x107% | INd 2.14 x 107
SNd  3.06 x 1079 | 12INd 356 x 107° | 4Pm 286 x 1077 | ¥Pm  1.30x107% | 2{Pm 1.03 x 107
183%Sm 210 x 10710 | 189Sm  1.05 x 107% | 81Sm  2.26 x 107%0 | 22Sm  4.15 x 107 153Sm 1.76 x 1079¢
124Sm  4.33x107% | 128Sm  1.22x107% | 21Eu  5.64x 107 | 2%Eu  1.84 x107% | 2°Eu  3.40 x 107
125Bu 3.82x107% | 2TEu  3.86x107°7 | 22Gd 2.69 x 107% | 1¥8Gd 2.69 x 107°7 157Gd 3.04 x 10796
128Gd 447 x 1079 | B9Gd 7.3 x107°7 | 189Gd 5.39%x 1079 | 122Th 3.64x107% | $Tb 441 x 107
8Dy 980 %1077 | 182Dy  6.55 x 107 | 83Dy  7.07x107% | %Dy 7.49 x107° | 82Dy  4.00 x 10712

Table 10 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
18Dy  3.64x107% | ®Ho 6.10x107% | %Ho 1.01x107% | 87Ho 898 x 107" | S§Er 8.25 x 10777
BEr  397x107% | 8Er 368x107% | 18Er 213x107% | Y0Er 2.68x107% | ZEr 259 x107%
W2Er 141 x107% | 189Tm 3.39%x107°7 | 1% Tm 213 x107% | 122Tm 1.03x107% | Z3Tm 4.07 x 107%
Tiyb  331x107% | 2yb  3.32x107°7 | M3Yb 226x107% | Wiyb 284 x107% | WAYb  1.60 x 107
78Yb  212x107% | PLu 621 x107°7 | WLu  1.42x107% | WLu  7.36x 10710 | MIHf  3.09 x 1077
TSHf 140 x 107° | M3Hf 1.00 x 107° | SBIHf 1.05x107° | BIHf 7.46 x107°7 | ¥ZHf 9.89 x 1077
IBIHf 240 x 10710 | 8'Ta 248 x 107 | 83Ta 363 x 1077 | B3Ta 316 x107°% | BW  1.09 x 1077
BIW  739%x107°7 | W 1.08x107% | BBSW  1.78x 107 | BTW 580 x 10797 | BW  5.05x107%
BRe 1.96x107% | BIRe 1.73x107% | BRe 4.43x107%® | BRe 1.92x107% | B80s 5.69 x 107
B90s  5.57x107% | 200s  1.11x107% | 210s 1.52x107% | 220s 1.99 x 107% | 230s  9.30 x 107
1280s  3.06x107% | 2Ty  1.46x107% | 2Ir 1.89x107% | 2Ir 9.23x107% | 2Ir 1.67x 107
24Pt 1.01x 10798 | 22Pt 324 x107%° | Pt 220%x107%° | ®¥IPt 263 x107% | 28Pt  6.91 x 107
0Pt 1.74x 10797 | 222pt 878 x 107°%7 | 27Au  1.13x107% | 29Au  2.39x107% | 22Au  1.19 x 1078
202Au 1.57x 10710 | 199Hg 1.30x107% | 200Hg 2.24 x107% | 2%Hg 1.93x107% | 202Hg 9.91 x 1077
WHg  2.33x107°7 | 2%Hg 1.93x107% | 2BT1  7.03x107%

Table 11. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 3 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
D7Zn 563 x107% | $9Ga  450x107% | T1Ga 143 x107% | 3Ga 1.60x107% | 3Ge 4.59 x107%
“Ge 143x107% | I8Ge 6.39x107% | TIGe 3.19x107% | TBAs 275 x107% | ITAs 1.02x107%
TSe  1.69x107% | 798¢ 350x107% | 89Se 204x107% | §2Se 451x107° | 2Br 6.08 x 10712
8iBr  2.96x107% | £Kr 319x107™ | $Kr 1.72x107% | §Kr 209x107 | $BKr 6.34x 1072
82Rb  1.11x107% | §TRb 212x107% | £sSr 297x107% | §sSr 7.75x107% | 9Sr  1.90 x 107
938r  869x107%® | 8y 323x107% | BVY 261x107%%| UY 148x107% | PY 1.29x 1071

%Y  540x107% | Pzr  1.15x107% | Pzr  432x107°7 | Pzr  451x107% | PB¥zZr  7.13x 107
%7r  9.86x107% | %77Zr 299x107°7 | ¥Nb 3.15x107°7 | §INb  231x107%® | Mo 9.46 x 107
%Mo  5.56x107% | ¥Mo 5.38x107% | ¥Mo 591x107% | 1Mo 1.64x107% | 9Tc  6.68 x 107

MRu  1.94x107% | 2Ru 229%x107%° | WRu  205x107% | URu 245x107% | BRu 262 x 1071
Ry 1.24x107% | BRh  1.11x107° | ¥Rh 541 x107° | 9Rh 116 x 107 | %¥Pd 1.39 x 1079
1%Pd 6.93x107% | ¥Pd  1.53x107% | 2§Pd 8.66x107°¢ | '99Pd 3.28 x107°" | 0Pd 1.13x107%
2Pd 1.19x107% | 122Ag  1.22x107% | 11Ag 838x107° | 1ZAg 2.09x107°7 | 12Ag 8.34x107'°
Hlcd 268 x107% | M2Cd 114 x107% | 13Cd 9.02x107% | }4Cd 1.25x107% | }8Cd 3.19 x 107
H8cd  6.95%x107% | 15In 488 x107° | fsn  1.09x107% | 18Sn 177 x107% | 1¥Sn  1.34 x 107%°
12990 156 x107% | 2lSn  9.60x107°7 | 22Sn  1.11x107% | 2¥Sn  8.09x107% | 24Sn  1.60 x 107
1258n  1.50 x 1079 | 1288n 358 x107% | 2{Sb  5.12x107% | 128Sh  1.31x107°7 | 129Sb  3.61 x 1076
127Sb  3.68 x 107% | 128Sb  4.83x 1077 | 29Sb 8.60x 107'° | 2Te 3.86x 107 | '2ITe 4.10 x 107%
128Te  1.06 x 107% | '29Te  311x 10710 | 39Te 1.15x107% | 32Te 248 x107% 1277 2.08x 107

1291 786 x107% | 13T 463x107% | 1321  764x107°7 | 131  207x107% | 131  9.18x107%

Bi1Xe 1.35x107% | 122Xe  219x107% | 23Xe 1.57x107% | 2iXe 2.80x107% | 22Xe 241 x107"

Table 11 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
136Xe  240x107% | 13Cs 4.73x107% | 13Cs 1.78x107% | BCs 1.24x107% | ¥IBa 234 x107%
138Ba 1.56 x107% | 0Ba 995 x107% | 3La 1.14x107% | ¥La 0994 x107°7 | ¥La 257 x 107
HCe 7.68x107%7 | MlCe 7.55x107% | 2Ce 4.80x107% | 3Ce 1.14x107% | Ce 7.21 x 107
Hipr 455 %1077 | M3Pr 364 x107° | HPr  3.04x 10710 | ¥SPr 947 x1071° | 3Nd 3.57 x 1077
IANd 525 x 10798 | 185Nd 393 x107% | 145Nd 3.88x107% | INd 201 x107% | ¥8Nd 3.06 x 107
BONd  3.56x107% | BTPm  4.17x107% | ¥Pm 949 x107%7 | RIPm 5.71x107°7 | 147Sm  4.65 x 10710
189Sm  1.40 x 107% | 221Sm  2.72x107% | ¥5Sm  4.15x107% | 183Sm 1.23x107% | '8Sm 4.33 x 107
198Sm  2.08x107% | 18Eu  1.09x 1070 | 18Eu 237 x107% | 3Eu  3.40x107% | 18Eu  3.75 x 107%
BEu 1.20x107°7 | 123Gd  4.06 x 1079 | 125Gd 442 x 10797 | 87Gd 3.30 x 1079¢ | 188Gd 4.47 x 107%¢
189Gd 299 x107°7 | 9Gd  5.39x107% | 39Tb 4.07x107% | 8Th 399 x107% | 8Dy 1.40 x 107
182Dy 655 x 1079 | 183Dy 7.07x 107% | %Dy 749 x107% | 8Dy 297 x107% | 1¥Ho 6.10 x 107
®8Ho 1.04x107% | 8Er 1.47x107% | Er 3.97x107°¢ | BEr 368x107% | SEr 1.98 x 107
Er 268 x107% | MMEr 283x107% | 2Er 1.01x107% | ¥3Tm 4.90 x 107°7 | 1B Tm 2.15 x 107
2Tm  1.14x107% | 1Z3Tm 540 x107% | ¥vb 544 x107% | ¥2Y¥b  6.19 x107°7 | ¥3Yb 2.29 x 107
TaYb 284 x107% | M3Yb  1.35x107% | HEYb 212x107% | PLu 865 x107°7 | Lu 1.28 x 107
L 1.96 x 1071 | YTITHf 450 x 107°7 | Y8Hf  1.40 x 107°° | T9Hf 1.00 x 107% | 8IHf 1.05 x 107
BIHf 734 x107°7 | B2Hf 989 x 10797 | 8Hf 4.24x107'2| BlTa 3.690x107% | 8Ta 3.17x 107"
184Ta  4.72x107% | W 156 x107% | W 7.66x 1077 | BW  1.07x107% | W 178 x 107%
BTW  2.90x 1077 | B8W  5.00x 1079 | BRe 295 x 107 | ¥Re 2.02x107% | #Re 4.85x 1078
B9%Re  9.69x 10797 | 880s 1.03x107°7 | B80s 6.52x107° | 2Y0s 1.11x107% | 2i0Os 1.45x 1079
220s 1.99x 107% | 230s  5.33x107% | 230s 3.06 x 107% | 2Ir 2.15x107% | 2Ir 229 x107%
P 1.04x107% | %Pt 1.87x107%® | 2Pt 3.24x107% | %Pt 2.20x107% | %Pt 1.14 x 107
P8Pt 6.91x107% | 20Pt 463 x107% | 22Pt  6.02x107°7 | ¥TAu  1.28 x107%° | ¥JAu  1.91 x 107
220Au 3.17x107% | 222Au 1.08x 10710 | ¥Hg 1.77x107% | ZW0Hg 238 x107% | lHg 1.93 x 107
2WHg 1.27x107% | 2B¥Hg 2.30x107%7 | 2%Hg 1.93x107% | 2T1  1.05x 107

Table 12. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 5 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
DZn 563 x107% | $9Ga  450x107% | T1Ga 143 x107% | 3Ga 1.70x 107 | 3Ge 4.59 x 107%
aGe  1.43x107% | 8Ge 6.39x107% | IGe 1.64x107°7 | TAs 275 x107% | TTAs 448 x107%
TSe  228x107™ | 9Se 350x107% | 8§9Se 204x107% | §2Se 451x107% | PBr 1.01x 107!
S8Br  2.96x107% | $BKr 3.19x107% | $Kr 1.72x107% | $£Kr 2.09x107% | $Rb 1.84 x 107"
STRb 2.12x107% | 8sSr  297x107% | 8Sr  754x107% | 29Sr  1.90x107% | fiSr  2.76 x 107

8Y  5.33x107% XY  350x107% | Y 145 x 107 BY  206x107% | ¥7zr 275 x 1078
%Zr  779x107°7 | 92Zr  451x107% | B7Zr 7.18x107% | PzZr 965x107° | TZr 410 x 1078
®Nb  510x107°7 | 9INb 317x107% | $BMo 258x107°% | TMo 583 x107% | BMo 5.38x 107
P¥Mo  357x107% | 1Mo 1.64x107% | PTc  9.02x107% | 2URu  1.94x107% | 22Ru 229 x 107%

BRu 1.98x107% | MRu 245x107%° | YP¥Ru  1.23x107% | 1922Rh 1.83x107% | 19°Rh 2.11 x 107

SRh  1.15x 10711 | M°ePd  1.72x107%° | 198Pd  1.15x107°7 | ¢Pd 153 x107% | 19¥Pd  8.66 x 107

Table 12 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
19Pd 290 x107% | OPd  1.13x107% | 12Pd 246 x107°7 | '22Ag  1.25x107%° | '11Ag  6.95 x 107
12Ag  4290x 1078 | 13Ag 170 x 1072 | 1iCd  4.10x107°¢ | 2Cd 125 x 1079 | 13Cd  9.02 x 107°¢
Hacd 1.25x107%° | H2Cd 171 x107° | H8Cd 6.95x107% | U3In  6.36 x 107°6 | 1fSn  1.09 x 107%°
H8Sn  1.77x107% | 9Sn 1.34x107% | 29Sn 156 x107% | 2Sn  2.80x107°7 | 22Sn  1.11x107%
12859n  8.00x107% | '23Sn  1.60 x 107% | 125Sn  1.30 x 107% | 128Sn 358 x107% | 2{Sb  5.80 x 1076
1259h 2,18 x 10797 | 1208h  5.61x107% | 128Shb  1.29x 10712 | 27Sb 257 x107% | 128Sh  1.22x 1078
125Te  1.02x 107 | 27Te 289 x 107 | 2BTe 1.07x107% | 30Te 1.15x107% | 32Te 1.61 x107%

1277 331x107% | 12T 786 x107% | 1211  3.90x107% | 1321  4.96x107° | 1331  4.19x107"
1357 584 x107M | BiXe 208x107% | 22Xe 3.09x107% | 2Xe 1.34x107% | Xe 2.80x107%
13%Xe  6.98x107% | 139Xe 240x107% | 13Cs 8.62x107% | ¥Cs 1.80x107% | ¥Cs 1.24x107%
13TBa  3.90x 10799 | 38Ba  1.56 x 1079 | 22Ba 892 x 107 | 3¥La 1.14x107% | '2La 1.13x 107
HCe 1.66x107% | Ce 7.23x107% | 22Ce 4.80x107% | ¥3Ce 4.17x107%7 | #Ce 7.17x107%
Hipr  770x107°7 | M3Pr 397x107° | Pr 3.02x1071° | Pr 3.65x107'? | E3Nd 7.52 x 1077
WONd 874 x107% | '8Nd  3.93x107% | 4SNd  3.88x107% | INd 177 x 107% | §§Nd  3.06 x 107
IINd 356 x107% | ¥TPm 655 x 1077 | HPm 507 x 1077 | RiPm 1.77x107°7 | 187Sm  1.24 x 107%

149Sm  1.84x107% | 181Sm  3.11 x107% | 132Sm  4.15x 107% | 123Sm 5.98 x 107°7 | 123Sm  4.33 x 107
128Sm  6.05x 10710 | 13Eu 234 x 1071 | 2%Eu  3.00x107% | 22Eu  3.40 x 107% | 13SEu 3.44 x 107
127Bu 144 x107% | 122Gd  6.78 x107% | 12%Gd  7.70x107°7 | ¥7Gd  3.41 x107°¢ | 128Gd  4.47 x 107°¢
189Gd  4.93x 1079 | 9Gd 5.39x107% | 139Tb 4.32x107% | 8Th 326%x107% | 8Dy 213 x 107
182Dy 655 x107% | 18Dy 7.07x107% | 8Dy 7.49x107% | 8Dy 198 x107% | $Ho 6.10 x 107%
18%Ho 847 x107°7 | 8Er 265x107% | Er 397x107° | Er 368x107% | 8Er 1.71x107%
WOEr 268 x107% | WEr 338x 107 | 2Er 513 x107%7 | 18Tm 7.62x107°% | WdTm 2.15x 107%
T2Tm  1.05x107% | W3 Tm 953 x 1071 | ¥ivb  9.69x107% | ¥2Y¥b 1.21x107% | ¥3Yb 2.30 x 107
BYb 284 x107% | YL 9.72x 10797 | MEYD  212x107% | MLu  1.25x107% | YLu 1.04 x 107
WIHE 691 x 10797 | MS8Hf 1.40x107° | MSHf 1.00 x 107° | BIHf 1.05x107% | BHf 7.11x107%7
B2Hf 989 %x 1077 | 81Ta  6.05x107% | 183Ta  242x107°7 | 84Ta  1.03x1071° | W 231x107%7
BIW 771 x107°7 | B'W 0 1.05x107% | BSW 178 x107°¢ | BTW 724 x 1079 | 18W  4.90 x 107
B5Re 4.90x107%® | BTRe 2.24x107% | BRe 4.99x107%® | BRe 2.46x107°7 | ¥80s 2.00 x 1077
B20s  7.25x107% | 200s 111 x107% | 2I0s 1.32x107% | 220s 1.99x 107% | 230s 1.75 x 107
1280s  3.06x107% | 2Tr 343 x107% | 2Ir 265x107% | 2Tr  1.11x107%® | %Pt 3.73x107%®
P8Pt 324 %1079 | 2Pt 220%x107%° | ¥IPt 214 x107°7 | 8Pt  6.91x107% | 20Pt 3.30 x 107%°
22pt 2.82x 10797 | TAu 1.37x107% | 9Au  1.23x107% | 220Au 226 x 10710 | 22Au  5.06 x 107!
9Hg 246 x107% | 20¥Hg 243 x107% | ZHg 1.93x107° | 22Hg 1.59x107° | 2%3Hg 2.23x107°7
2%WHg 1.93x107% | 23711 1.72x 107

Table 13. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 7 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
M7Zn 563x107% | $9Ga  450x107% | Ga 143x107% | BGe 459x107% | TiGe 1.43x107%
KGe 6.39x107% | TGe 844x107% | TBAs 275x107% | TTAs  1.91x107% | I7Se 2.54x 107%™

Table 13 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
MSe  350x107% | 89Se 204x107% | 8§28  451x107% | PBr 1.42x107' | §Br 296 x107%
8Kr  319x107% | S8Kr  1.72x107% | 8¥Kr 208 x107% | $Rb 258x107°7 | §Rb 212x107%
88or 297 x 107 | 82Sr  7.34x107% | 9%Sr  1.90x107% | %iSr 879x 107 | 8y  7.37x 1079
¥Y  4.03x 1078 BY  142x107% | By 783 x 107 | 9Zr  472x107%® | %Zr  1.12x107%
9%27r  451x107° | 9BZr 7.18x107% | BZr 9.44x107% | ¥zZr 562x107% | BNb 6.92x 1077
Nb 434 x 1071 | $BMo 497x107°%® | $IMo 587 x107° | ¥Mo 538x107% | Mo 2.15x 107
°Mo 1.64x107% | Tc 1.04x107% | YURu 1.94x107% | 'PRu  2.29x107% | 'P¥Ru  1.91 x 1079
MRu 245 x107% | Ru  1.23x107% | 2Rh 251 x107% | 19¥Rh  825x107°7 | 19¥Rh 1.15 x 10~
9Pd 1.85x 1079 | 98Pd  1.61 x 1077 | %Pd  1.53x 1079 | 98Pd 866 x 1079 | 99Pd 2.55 x 1079
OPd 1.13x107% | M2Pd 505 x107% | 2Ag 1.25x107% | HAg 577x107% | 112Ag  8.83x107%°
Hicd 529%x107% | H2cd 127 x107% | U3Cd  9.02x107% | Micd 125 x107% | MECd  9.20 x 10797
18cd  6.95%x107% | WIn 7.15%x107% | WISn  1.09x107% | 18Sn 177 x107%° | 1¥Sn  1.34 x 107%°
1296n 156 x 107% | 2lSn 819 x 1079 | 22Sn  1.11x107% | BSn  7.92x107% | 1%Sn  1.60 x 1079
1256n  1.13x107% | '28Sn  3.58 x 107 | '2{Sb  6.00 x 107%¢ | '28Sb  3.03 x 107°7 | !29Sb  7.34 x 107%¢
1259h 1.71x 10712 | 27Sb 1.79x107% | 128Sb  3.10x 1071 | ZTe 1.92x107% | 2Te 2.01x107%
128Te  1.07x107% | 39Te 1.15x107% | 32Te 1.05 x 107%° 1277 418 x107% | 21 7.86 x 107
1Bl 3.28x107% | 1321  322x107%7 | 1231 849x107%® | BiXe 270x107% | ¥Xe 3.67x107%
133Xe  1.06 x107% | 3Xe 2.80x107% | 3BXe 1.87x1071°| 13Xe 240x107% | 3Cs 118 x 107
135Cs  1.80x107% | 137Cs 1.24x107% | 137Ba 546 x107% | 13¥Ba 156 x107% | '2Ba 8.01 x 107
B9 1.14x107% | #0La 1.11x107% | ¥0Ce 259x107% | HCe 6.93x107% | ¥2Ce 4.80 x 107
H3Ce 1.52x107%7 | MiCe 7.14x107% | WPr 1.07x107% | M3Pr 383x107% | WPr 3.01x1071°
WONd 115 x107% | 1Nd 122 x 107%7 | $Nd 393 x 107% | §SNd  3.88 x 107% | §INd  1.56 x 107
SNd  3.06 x 1079 | 123INd  3.56 x 107° | 4Pm  8.64 x 1077 | ¥Pm 271 x107°7 | 2iPm 5.49 x 107
87Sm 235 x107% | 149Sm  2.08 x 107% | ¥21Sm  3.23%x107% | 1¥2Sm 4.15x107% | 18Sm 291 x 1077
193Sm  4.33x107% | 138Sm  1.76 x 107 | 181Eu  3.68 x107!° | 13%Eu  3.31 x107% | 13%Eu  3.39 x 107
128Bu 3.14x107% | 2TEu  1.61 x107% | 122Gd  9.50 x 107%° | ¥%Gd 1.07 x107°¢ | ¥7Gd 3.42 x 107
188Gd 447 x 1079 | B9Gd 8.15x107% | 189Gd 5.39x107% | 122Th 436 x107% | 8 Tbh 267 x 107
8Dy  272%x107% | 182Dy 655 x 107% | 83Dy 7.07 x 107% | %Dy 7.49 x107% | Dy 1.31 x 107
1%Ho 6.10x 107 | 88Ho 6.00 x 107°7 | 8Er 355 x 107 | 8TEr 397 x 107 | 88Er 3.68 x 107%¢
9Er 148 x 1079 | T9Er 268 x107% | 2Er 261 x107%7 | 18Tm 9.97 x107°% | ZTm 2.15 x 107%
T2Tm 814 x107%7 | 13 Tm 168 x 10712 | vb 1.39x107% | ¥2Y¥b 1.70 x107% | ¥3Yb 2.30 x 107
Tayb 284 x107% | 3Yb 698 x 1077 | ¥EYb 212x107% | PLu  152x107% | TLu 844 x 1077
WIHE 887 x 10797 | MSHf 1.40x107° | MOHf 1.00 x 107° | BIHf 1.05x107% | BIHf 6.88 x 1077
B2Hf 989 x 10797 | 81Ta 833 x107° | 183Ta 184 x107°7 | 84Ta 226x 10712 | W 289 x 1077
BW o 771 x107°7 | B3W 0 1.03x107% | BSW 178 x107°¢ | BTW 181 x 1079 | 88W  4.80x 107
1B5Re 6.82x107% | BRe 2.29x107% | BRe 4.92x107%® | BRe 6.27x107%® | B80s 2.97 x 107"
B90s  7.43x107% | 290s  1.11x107% | PlOs 1.21x107% | ¥20s 1.99x107% | 230s 5.72x 107"
1280s  3.06x107% | ¥ 460x107% | 2Ir  276x107% | 22Ir 1.12x107% | 2Pt 566 x 107%
P8Pt 324 %1079 | 25Pt  220%x107%° | ¥IPt 4.01x107% | P8Pt  6.91x107% | 200Pt 2.36 x 10710
202pt 1.33x107°7 | BIAu 1.39x107% | ¥oAu  7.92x107°7 | ZIAu  1.61 x 107 | 22Au 238 x 107!
1¥Hg  2.90x107% | 20Hg 243 x107% | ZlHg 1.93x107°¢ | 2%2Hg 1.74x107° | 2%3Hg 2.16 x 107°7
2WHg 1.93x107% | 2311 237 x107%
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Table 14. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 10 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
N7n 563 x107% | $9Ga  450x 107 | HGa 143 x107™ | 3Ge 459x107™ | IiGe 1.43x107%
MGe 639x107% | TTGe 984x1071 | TBAs 275 x107% | ITAs 528 x107% | T7Se 268 x 107%™
98  350x107% | 89Se 2.04x107% | 828 451x107% | PBr 203x107' | &Br 296 x 107
S2Kr  3.19x107™ | SKr  1.72x107% | $2Kr 208 x107% | $£Rb  3.69x107°7 | §Rb  2.12x107%
88r 297 x107% | 8Sr  7.04x107% | ¥Sr 190x107% | Y 1.03x107% | PUY 446 x 107
%Y 137x107% | P¥Zr  8.06x107% | iZr  1.61x107% | $27Zr 451x107° | $zZr 718 x107%
9%7Zr  914x107% | Zr 286x107°| $Nb 945x107°7 | §INb 221 x 107" | $BMo 9.85x 107
"Mo 588 x107% | ¥Mo 5.38x107% | ¥Mo 1.01x107% | %Mo 1.64x107% | 9Tc  1.16 x 1079
WRu 1.94x107% | "PRu 229x107%° | 'BRu  1.81x107% | '%YRu 245 x107% | Ru  1.22x 107
193Rh  3.50x107% | 2Rh 201 x107°7 | 98Rh 1.14x 107 | 1%¥Pd 1.91x107° | 9Pd  2.30 x 1077
Pd 1.53x 1079 | 98Pd 866 x 107 | 9¥Pd 6.69x 10711 | MoPd 1.13x 1079 | 2Pd 4.72x107%
WAg 1.25x 1079 | M1Ag 436 x107°% | M2Ag 824 x 1070 | iCd 6.70x 107 | 42Cd 1.28 x107%
3cd  9.02x107% | 3cd 125 x 1079 | 18Cd 3.62x 10797 | 48Cd 695 x 107 | 3In  7.71 x 107
Hi'Sn  1.09x107% | 18Sn  1.77x107% | 9Sn  1.34x107% | 29Sn 156 x107% | 2ISn  1.29 x 10798
1228n  1.11x107% | 123Sn  7.79x107% | 123Sn  1.60 x 107% | 125Sn  9.07 x 107% | 125Sn  3.58 x 1079
1218h  6.07 x107% | 12838b 429 x 107°7 | 125Sb 951 x107% | 125Shb 226 x 1072 | 127Sb  1.04 x 1079
1289h 125 x 10712 | 22Te 3.67x107% | 27Te 1.17x107% | 2BTe 1.07x107% | 329Te 1.15x107%
132Te  5.46 x 107 1277 5.01 x 1079 1291 7.86x 1079 Bl 253 x107% 1321 1.68 x 1077
B3] 774 %1079 | BiXe 345x107% | 3Xe 419x107% | BXe 7.19x107%¢ | 3Xe 2.80x107%
B5%e  240x107% | 133Cs  1.53x 107 | 132Cs 1.80x107% | 3Cs 1.24x107% | ¥IBa  7.80 x 107%
138Ba 156 x107% | Ba 6.80x107% | 3La 1.14x107% | 2La 1.00x107° | 2Ce 3.91 x 107°¢
iCe 6.50x107% | 2Ce 4.80x 1079 | 13Ce 3.37x 107 | MdCe 7.08x107°¢ | MIPr  1.50 x 107
Wpr  339x1079% | MPr 298 x 10710 | ENd 1.71x107% | #Nd 1.74x 1077 | ¥Nd 3.93 x 107%
18SNd 388 x107% | INd 1.29x107% | 8Nd 3.06 x 107% | 3ONd 3.56 x 107% | ¥/Pm 1.13 x 107

WPm  1.06x 1079 | B¥1Pm 947 x107% | %4ISm  4.52x107% | ¥9Sm 224 x 107% | ¥lSm  3.28 x 1079

122Sm  4.15x107% | 123Sm  9.92x 107°% | 124Sm 4.33x107° | ¥l1Eu 575 x107'° | BEu  3.50 x 107
1%Fu  3.39x107% | 13%Eu 274 x107% | 37Eu  6.02x 107 | 123Gd 1.36 x 107 | 18Gd  1.47 x 107

R7Gd 343 x107% | 228Gd 447 x107% | B9Gd 547 x 10710 | 9Gd 5.39x107% | ¥¥Th  4.37 x 107
82Th 197 x 107 | 8Dy 342x 107 | 22Dy 655 x 1079 | 8Dy 7.07x 107 | %Dy  7.49 x 107

Dy  713x1079 | 182Ho 6.10x107% | '8Ho 3.44x107°7 | 8Er 4.42x107% | &Er 3.97x107%
18Er 368 x107% | 8Er 1.18x107% | Z0Er 268 x107% | Z2Er 949 x 107 | 18 Tm 1.29 x 107%

TTm 214 x 1079 | 12Tm  4.79x107°7 | Yb 2.03x107% | 12Yb 220x107% | B8Yb 230 x 107

T8Yb 284 x107% | MSYb 425 x107%7 | MSYb  212x107% | WLu  1.79x107% | WLu 6.18 x 1077
WIHf 111 x 1079 | MSHf 140 x 107 | MSHf 1.00 x 107 | BYHf 1.05x 107 | BIHf 6.55 x 1077
B2Hf 989 x107%7 | 8Ta 1.16x107°7 | 8Ta 1.22x10797 | BW 350x107°7 | 8w  7.71x 107
W 1.00 x107% | BSW 178 x107% | BIW 226 x107% | BSW 466 x 107° | BERe 9.63 x 107
18TRe  2.31x107% | 85Re 4.78 x 1078 | 8%Re 8.04 x 107 | 880s 4.39x107°7 | 880s  7.48 x 107
1290s  1.11x107% | 2210s  1.05x107% | 220s 1.99x107% | 230s 1.07x107°7 | 2¢0s  3.05 x 1079
iy 616 x107% | 221y 281 x107% | 2r  1.12x107%® | %Pt 856 x107%® | 123Pt 324 x107%

Table 14 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
P8Pt 220x 1079 | IPt 327 x 1079 | 8Pt 691 x 107 | 2Pt 449 x 10712 | 2Pt  4.26 x 107
P5Au 1.39x 1079 | M9Au  4.08x 1077 | 22Au  7.65x 10712 | ¥9Hg 3.28 x107% | 2¥Hg 243 x 107
WWHg 1.93x107% | 22Hg 1.83x107% | 2¥Hg 2.07x107°7 | 2%Hg 1.93x107% | 23T1 3.32x 107

Table 15. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 14 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
DZn 563 x107% | $9Ga  450x107% | T1Ga 143 x107% | 3Ge 459x107% | IiGe 1.43x107%
$Ge 6.39x107% | TBAs 275x107% | TTAs  9.50x107°7 | I7Se 2.73x107% | I9Se  3.50 x 107%

80Se  2.04x107% | 8§28 451 x107% | PBr 284x107' | §Br 296x107% | SKr 3.19x 107%™
SiKr  1.72x107% | BKr 208x107% | §Rb 5.16x107°7 | §TRb 2.12x107% | 8§8sr 297 x 107%™
89Sr  6.67x 1079 | 9%Sr  1.90x107% | 8Y  1.41x107% | %Y  469x107°®| %y  1.30x107%
WZr 128 x107°7 | 9Zr  2.24x107% | PZr 451x107% | Pzr 718 x107% | P7Zr 875x 107
9%7Zr  537x10712 | ¥Nb 1.25x107% | $BMo 1.86x107°7 | $TMo 588 x107% | Mo 538 x 107
¥Mo  3.69x107° | 19Mo 1.64x107% | 9Tec 1.22x107% | %Ru  1.15x 1072 | URu 1.94x107%
2Ru 229x107% | BRu  1.69x107%° | YURu 245x107% | P¥Ru  1.21 x107% | $¥Rh 4.73 x 107
19Rh  3.06 x107° | %Rh  1.13x 1071 | 198Pd  1.93x107% | 9¢Pd 3.20x107°7 | 19{Pd 1.53 x 107%°
9pd  8.66x107% | MOPd 1.13x107% | ZPd 200x 1070 | 'PAg 125x107% | FAg  3.00 x 107
H2Ag 349 x 107 | 1iCd 8.05x107% | 12Cd 1.28x 1079 | 13Cd  9.02x107° | }iCd 1.25x107%
Hecd  1.04x107°7 | H8Ccd 6.95%x107° | YSIm  7.97x107% | }fSn  1.09 x 107% | 18Sn 177 x 1079
OSn  1.34x107% | Sn 156 x107% | Z3Sn  1.10x107% | '22Sn  1.11 x107% | '23Sn  7.62 x 107°°
12880 1.60x107°% | 28Sn  6.80x 107% | 12Sn  3.58 x 1079 | 121Shb  6.08 x 107% | 128Sb 595 x 1077
1259h 1.17x107% | 1288h 286 x 10712 | 27Sb  5.08 x107% | 12Te 6.61x107° | 2Te 1.27x 10712
27Te  571x107°7 | 28Te 1.07x107% | B9Te 1.15x107% | 22Te 230x107° | 12T 560 x 107%
1291 786x107% | BT 179%x107% | 131 7.07x107% 1331 317x1071°% | ¥1Xe 4.19x107%
132Xe 451 x107% | 133Xe 4.25x107% | 31Xe 2.80x107% | 139Xe 240x107% | 2Cs 1.82x107%
B5Cs  1.80x107% | B7Cs 1.24x107% | 37Ba  1.09x107% | 13¥Ba 156 x107%° | 20Ba 5.47x 107
13978 1.14x107% | 0Ta 824 x107% | 0Ce 541x107% | MCe 597x107% | 2Ce 4.80 x 107
H3Ce 4.49x107% | Ce 7.02x107% | EPr 203x107% | ¥Pr 279x107% | ¥Pr 296 x 107
I85Nd 234 x107% | T8Nd 243 x 10797 | M5Nd  3.93x107° | 186Nd 3.88x107% | 3INd 1.00 x 107
ASNd  3.06 x 1079 | 139Nd  3.56 x 107° | 4/Pm  1.42x107% | ¥Pm 3.02x107% | ¥IPm 9.09 x 10710
B7Sm  8.23x107% | 49Sm  2.32x107% | 231Sm  3.20x107% | 22Sm  4.15x 107% | 23Sm  2.35 x 107
182Sm 433 x107% | 21Eu  852x 1071 | B3Eu  3.58x107% | ¥5FEu  3.39x107% | ¥SEu 228 x 107
199Gd  1.90x107% | 125Gd  1.93x107% | 27Gd 3.43x107% | 28Gd 4.47x107% | B9Gd 1.49x 107!
19Gd  5.39x107% | ¥Th  4.37x107% | ¥Th  1.32x107% | Dy 4.07x107% | 2Dy  6.55 x 107
88Dy  7.07x107% | Dy 749 x107% | 1¥Dy 3.16 x107°7 | 188Ho 6.10x107% | 8%Ho 1.54 x 10777
BSEr  5.01x107% | ¥TEr 397x107% | 88Er 3.68x107% | 8Er 8.80x107°7 | ZEr 2.68 x 107
T2Er 246 x107% | 18Tm 159 x 107 | WTm 2.13x107% | BTm 2.07x107°7 | 3Yb 2.87x107%
2yh 254 x107° | 8YbL  230x 1079 | EYb 284 x107% | 1BYb 219x107°7 | I8Yb 212 x 107
W5Lu  2.00x107% | YLu  4.07x107% | TITHf 1.32x107% | 78Hf 1.40x107% | 79Hf 1.00 x 107%

Table 15 continued
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Table 15 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
BOHf  1.05x107° | BIHf 6.13x107°7 | BZHf 9.89x107°7 | 8ITa 158 x107°7 | 83Ta  7.11x107%
BW  4.02x107°7 | W 771x107%7 | W 966 x 1077 | BW 178 x 107 | 8TW 141 x1071°
BSW 448 x107°¢ | Re 1.33x 10797 | ¥Re 231 x107° | ¥Re 4.60x107% | BRe 520x 10710
B80s  6.23x107°7 | B2Os 7.49x107% | 200s 1.11x107% | 230s 872x107% | 220s 1.99 x 107%
1280s  1.15x107% | 280s  3.05x107% | 2Ir 7.93x107% | 2Tr 2.82x107% | I 1.12x107%
24Pt 1.24x 10797 | 2Pt 324 x107%° | 5Pt 220%x107%° | 2Pt 1.15x 10710 | ¥8Pt  6.91 x 107
22Pt 940 x 1079 | TAu 1.39x107% | 29Au  1.69x107%7 | 22Au  1.69x107'? | PHg 3.52x 107
2WHg 243 x107° | 2%Hg 1.93x107% | 2%Hg 1.86x107% | 2¥Hg 1.95x107° | 2¢Hg 1.93 x 107
2371 4.51 x 10798

Table 16. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 30 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
M7Zn  563x107% | $9Ga  450x107% | Ga 143 x107% | 3Ge 459x107% | 13Ge 1.43x107%
MGe 6.39x107% | BAs 275x107% | TTAs  9.94x1071°9 | I7Se 2.73x107% | I9Se  3.50 x 107
898e  2.04x107% | 82Se 451x107% | BBr 6.09x 107" | §Br 296x107% | $Kr 3.19x107%
SKr  1.72x 1079 | $2Kr 208x107% | $Rb 1.10x107° | §Rb 212x107% | 8§8sr 297 x107™
89Sr  535x107% | 2Sr  1.89x107™ | 8Y 272x107% XY 481 x107% | Y 1.08 x 1079
97r  327x107% | %Zr  449x107° | 92Zr 451x107% | BZr 7.18x107% | PZr  7.36 x 107
BNb  2.09%x107% | $BMo 7.28x107°7| $TMo 588x107°¢ | ¥Mo 538x107° | Mo  6.53 x 107
%Mo 1.64x107%° | PBTec  1.26x107%° | 3Ru  2.95x 1072 | 'YYRu  1.94x107% | '2Ru 229 x 107
198Ru 127 x107% | URu 245x107% | Ru 1.18 x107%° | 92Rh 8.88x107% | 9Rh  1.65 x 10!
PRh 110 x 1071 | 98Pd 193 x 107% | 8Pd  6.77 x 107°7 | Pd  1.53 x 107% | 08Pd  8.66 x 107°¢
HOPd 113 x107% | 02Ag 125 x107% | Ag 675 x 1077 | 43Cd  1.04x 1079 | 43Cd 1.28 x 107%
3cd  9.02x107% | dcd 125 x 1079 | 18Ccd 717 x1071° | 48Cd 695 x 107 | }3In  8.07 x 107
H'Sn  1.09x107% | 18Sn  1.77x107% | 19Sn  1.34x107% | 29Sn  1.56 x 107%° | 122Sn  1.11 x 1079
1258n  7.00x 107% | 123Sn  1.60 x 107% | 125Sn 215 x107% | !25Sn  3.58 x 107% | '2{Sb  6.08 x 107°°
1259h  1.22x107% | 1258b  1.62x107% | 125Sh 429 x 10712 | '2/Sb  2.85x 1077 | 2Te 225 x 1077
28Te 458 x 10712 | 27Te 3.21x107% | 28Te 1.07x107% | 39Te 1.15x107% | 22Te 7.22x107%®
1277 6.14x 1079 1291 7.86 x 1079 1311 450 x 1079 1321 222%x107% | B1Xe 553 x107%
132Xe  4.74x107% | 38Xe 513x107°97 | 3Xe 280x107% | ¥¥Xe 240x1079 | 133Cs 2.20x107%
185Cs  1.80x 107 | 137Cs  1.23x107% | 3{Ba 234 x107% | 3¥Ba 156 x 107% | #0Ba  2.29 x 107
13902 114 x 1079 | TLa 348 x107°7 | 2Ce 9.07x107% | 3lCe 424 x107% | 22Ce  4.80 x 107%
43Ce 1.42x10712 | MiCe 6.75x107% | 8Pr 3.76x107% | 13Pr 1.24x107% | 3Pr 284 x1071°
ISNd  3.90 x 107% | MNd 511 x107°7 | '8Nd  3.93x107% | 8Nd  3.88x107% | INd  3.66 x 1077
1ESNd  3.06 x 107% | 139Nd  3.56 x 107% | B¥Pm 203 x107% | ¥Pm 2.01x1071° | 8ISm 2.88 x 1078

B9Sm 235 x107% | 2iSm  3.20x 107% | 22Sm  4.15x 107% | 23Sm  7.49x 107 | 24Sm  4.33 x 107
181Bu 1.96 x 1072 | 23Eu  3.60x107% | ¥3Eu  3.36x107° | 8Eu  1.10 x 107°¢ | ¥3Gd  4.06 x 1078
198Gd  3.11x 1079 | ¥7Gd 343 x1079 | ¥8Gd 447 x107% | 189Gd 5.39x107% | 13¥9Th 4.37x 107
8ITh 264 x 10797 | 18Dy 513 x107% | 82Dy 655 x107% | %Dy 7.07x107% | %Dy 7.49 x 107

Table 16 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
18Dy  1.21x107% | 2Ho 6.10x107% | fHo 5.92x107%° | 8Er 546 x 107% | 8IEr  3.97 x 107
18Er  368x107% | QFEr 270x107°7 | PEr 268x107% | Z2Er 1.11x1071° | Tm 2.20 x 107
TTm  210x107% | 12Tm  4.32x107% | 3Yb 6.22x107%% | 22yb 277 x107% | ¥3Yb  2.30 x 107
TaYb 284 x107% | MAYb 155 x107% | WSYDL  212x107% | PLu  220x107% | WLu  7.67 x 10798
WIHE 165 x 1079 | M8Hf 140 x107°¢ | MSHf 1.00x 107°¢ | 89Hf 1.05x107°¢ | BIHf 4.72x 107"
B2Hf 989 x 10797 | 81Ta 299x 10797 | 83Ta 808 x 107 | W 465x107°7 | Bw 771 x 107"
IB2W  8.33x107°7 | BSW 178 x107% | B8W  3.82x107° | 2Re 2.65x107°7 | BIRe 2.31 x 107%
188Re 3.92x107% | BOs 1.29x107% | B0Os 749x107% | 00s 1.11x107% | 2%0s 4.16 x 107
220s  1.99x107% | 230s 1.54x107'2 | 230s 3.03x107% | 2d1r 125 x107% | 2Ir 282x 107
24 1.11x107% | %Pt 278 x 10797 | 128Pt  3.24x107% | 2Pt 220x107% | 2Pt  6.91 x 107
22pt 222x 1071 | YTAu 1.39x107% | 29Au 493 x107%° | ¥Hg 3.68x107% | ZOHg 2.43 x 107
2Hg  1.93x107% | 2¥Hg 1.87x107% | 2¥Hg 1.54x107%7 | ZPHg 1.93x107% | 2BT1 8.64 x 107

Table 17. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 60 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y

D7Zn 563 x107% | $9Ga  450x107% | T1Ga 143 x107% | I3Ge 459x107% | I1Ge 1.43x107%
®Ge 6.39x107% | TBAs 275x107% | T7Se 273x107% | 19Se 3.50x107%* | 89Se  2.04 x 107%
§28e 451 x107% | Br 1.22x107'° | $Br 296x107% | 8¥Kr 3.19x107% | SKr 1.72x107%
S82Kr  207x107% | $Rb 220%x107° | §Rb 212x107% | 88Sr 297x107% | 83Sr 355 x107%
208r  1.89x 107 | 8Y  453x107% | 99y  4.80x 107%8 %Y 756x107% | 207r  7.02x 10797
%Zr  772x107% | 92Zr  451x107% | B7Zr  7.18x107% | PzZr 532x107%| BNb 267 x 107
BMo 219x107% | Mo 5.88x107% | BMo 538x107% | 9Mo 3.38x107!? | 1Mo 1.64 x107%
¥WTe 1.26x107% | PRu 634 x1072 | URu  1.94x107% | 'PPRu  2.290x107% | 'P¥Ru 749 x 107
MRu 245 x107% | Ru  1.11x107% | ¥Rh 141 x107% | 9Rh  1.04 x 107 | 2Pd 1.93 x 1079
9Pd 1.32x107°¢ | Pd  1.53x 1079 | 98Pd 866 x 107 | UIPd 1.13x 1079 | 20Ag 1.25x 1079
WAg  412x107% | Cd 1.10x107% | 12cd  1.28 x 1079 | 13Cd  9.02x 107% | 13Cd 1.25 x 1079
H8cd 6.95%x107% | 8In 8.07x 107 | 1fSn  1.09x107% | 118Sn 177 x107% | 119Sn  1.34 x 107%°
1299n 156 x107%° | '22Sn 1.11x107% | 123Sn 596 x107% | 24Sn  1.60 x 107%° | 123Sn  2.49 x 1077
1286n 358 x 1079 | 121Sb  6.08 x 107 | 123Shb 226 x 107% | 129Sb 1.78 x 107%° | 126Sb  5.08 x 107 *2
1279h 1.28 x 1079 | 28Te  5.83x107°7 | 28Te 1.26x 107 | 27Te 145x1071° | 28Te 1.07x107%
B9Te  1.15x107% | 22Te 1.10x 1071 | HT  6.17x107% | 11 786x107% | 131  337x107°7
1321 337 x107'? | 3iXe 595x107% | 3¥Xe 4.75x107% | 3BXe 9.75x107% | 3Xe 2.80x107%
135Xe  240x107% | 12Cs 2.25x107% | ¥Cs 1.80x107% | B¥Cs 1.23x107% | 13¥Ba  1.52x 10712
B3Ba  4.67x107% | 3¥Ba 156 x107% | %Ba 449 x107°7 | 3La 114 x107% | 'La 6.81 x 107
H9Ce 1.12x107% | MCe 224x107% | 2Ce 4.80x107% | MCe 6.27x107% | BPr 576 x 107
HSpr 267 x 10797 | MPr 264 x 10710 | 3Nd 487 x107% | Nd  9.86 x 107°7 | 5N  3.93 x 107
185Nd 388 x107% | 18INd 551 x107% | 188Nd  3.06 x 107% | 12INd  3.56 x 107% | 47Pm  2.30 x 107
1%Sm  7.69x107% | 149Sm 235 x107% | 181Sm  3.28 x 107% | 122Sm  4.15x 107% | 133Sm  4.33 x 107
12Bu 4.04x107% | 12%Eu 3.60x107° | 25Eu  3.32x107° | 2SEu  2.80 x 1077 | 22Gd 8.08 x 107%®

Table 17 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
125Gd  3.93x107% | 127Gd  3.43x107% | 128Gd 447 x107% | 189Gd 5.39 x107% | 22Tb 4.37 x 107%
¥ITh  1.29%x 1079 | 18Dy 538 x107% | 182Dy  6.55x 107% | 8Dy 7.07x107% | %Dy  7.49 x 107
8Dy 267 x 1071 | 2Ho 6.10 x 107° | %Ho 1.31x 10711 | 8SEr 548 x107% | STEr  3.97 x 107%
8Er  3.68x107% | 8Er 295%x107% | Er 268 x107% | 18Tm 244 x107% | ZTm 2.04 x 107%
2Tm  1.86x 10712 | Yvb 1.24x107% | M2Yb 277 x107% | 8Yb 230x107% | 3Yb 2.84 x 107
T5Ybh 1.07x 10710 | HSYDL 0 212x107% | PLu 222x107% | WLu  3.36x107% | MIHf 1.73x107%
USHf  1.40x107° | YSHf 1.00x 107 | BYHf 1.05 x107°¢ | BIHf 289x107°7 | B2Hf 9.89 x 1077
BlTa  4.82x107%7 | BTa 137x1071° | BW 473x107%7 | BwW 771x107° | W 632x107%
BOW 178 x1079¢ | B8W 284 x 1079 | BRe 467 x10797 | BRe 231 x107% | #Re 291 x107%®
880s 228 x107% | B0Os 7.49x107% | %00s 1.11x107% | 2%0s 1.04x107° | 220s 1.99 x 107
1280s  3.00x107% | 2y 156 x107% | 22Ir  2.82x107% | 2Tr  1.10x107%® | %Pt 5.65 x 1077
22Pt 324 %1079 | 2Pt 220%x107%° | W8Pt  6.91x107% | 2TAu  1.39x107°° | PJAu  6.54 x 10712
19Hg  3.69x107°° | 20Hg 243 x 107 | 2%Hg 1.93x107° | 2¥Hg 1.87x 107 | 2W¥Hg 9.84 x 1078
2%Hg 1.93x107° | 2¥TI 1.42x107°7

Table 18. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 90 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
DZn 563 x107% | $9Ga  450x107% | T1Ga 143 x107% | 3Ge 459x107% | TiGe 1.43x107%
$Ge 6.39x107% | TBAs  275x107% | IiSe 2.73x107% | I9Se 3.50x107%* | 83Se  2.04 x 107 %
82Se 451 x 107%™ | Br 1.83x1071° | §Br 296x107% | 8Kr 3.19x107% | SKr 1.72x107%
82Kr  205x107% | $5Rb  330x107° | §Rb 212x107% | 88Sr 297x107% | 83Sr 235x107%
208r  1.89x 107 | 8Y 572x107% | 9y  479x107% | %Y 530x107° | 9097Zr  1.08 x 1079
%Zr 998 x107% | 92Zr 451x107% | PzZr 718 x107% | PZr 3.84x107% | PBNb 257 x 107
BMo 3.77x107% | Mo 5.88x107% | BMo 538x107% | 1Mo 1.64x107% | $Tc 1.26x107%
P¥Ru  9.74x1072 | YRu 1.94x107% | 'P2Ru  229x107% | P¥Ru 441 x107°¢ | Y%Ru 245 x 1079
Ru 1.05x107% | BRh  1.72x107% | Y¥Rh 9.84 x 1072 | 2¥Pd 1.93x107% | 2¥Pd 1.92 x 107
Pd 1.53x107% | 98Pd 866 x107% | 0Pd 1.13x107% | 1PAg 125x107% | 1HAg 251x107%°
aCd  111x107% | 2Cd 128 x107% | 13Cd 9.02x107% | iCd 125x107% | 4§Cd  6.95 x 107
HsIn  8.07x107° | MfSn  1.09x107% | 128Sn  1.77x107% | 39Sn 134 x107% | 129Sn  1.56 x 107%
122Sn 1.11x107% | '23Sn 5.07x107% | '23Sn  1.60 x 107%% | '25Sn  2.88 x 107 | 125Sn  3.58 x 107%
121Sb  6.08 x107% | 128Sb  3.15x 107% | 12°Sb  1.76 x 107%° | 125Sb  5.23x 107'2 | '2/Sb  5.80 x 107 '2
125Te 950 x 107°7 | 28Te 214 x 1071 | BTe 1.07x107% | 39Te 1.15x107% 1277 6.17 x 1079

1291 786 x107% | 131 253x107%® | 2i1Xe 598x107% | 22Xe 4.75x107% | 3¥Xe 1.85x 107
1B34Xe 2.80x107% | 13Xe 240x107% | 2Cs 225 x107% | 2Cs 1.80x107% | B¥Cs  1.23x107%
13%Ba 2.290x107'2 | 3Ba  7.00x107% | 38Ba 1.56 x107% | 20Ba 879x107% | ¥La 1.14x107%
975 1.33x107% | 20Ce 1.16x107% | ¥Ce 1.18x107% | 22Ce 4.80x107% | 2Ce 5.83x107%
HiPr  6.82x107% | M3Pr 577x107% | 3Pr 246x 10710 | $Nd 5.08 x107% | 3INd 1.43 x 107

ISNd 393 x 1079 | 185Nd  3.88x107% | 1INd 829 x107% | 18Nd 3.06 x 107% | 139Nd 3.56 x 1076
BiPm 229 %1079 | 137Sm 127 x107°7 | 189Sm 235 x107% | 122Sm  3.28 x 107% | 1229m  4.15 x 107

Table 18 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
123Sm  4.33x107% | 21Eu  6.12x107% | 2%Eu  3.60x107% | 22Eu  3.28x107% | 2Eu 7.12x107%®
199Gd  1.20x 10797 | 139Gd  4.14x107% | 137Gd  3.43 x107% | 128Gd 4.47x107% | 189Gd 5.39 x 107
159Th  4.37x107% | 18 Th  6.30x 1071 | %Dy 539x107% | 8Dy 6.55x107% | 8Dy 7.07 x 107%
18Dy  7.49x107% | ®Ho 6.10x107% | SSEr 548 x107% | SIEr 3.97x107% | 'S§Er 3.68 x 107%
9Er 323x107% | 0Er 268 x107% | 18Tm 247 x107% | W3 Tm 1.98x107% | Ivyb 1.83x107°7
T2yh 277 x107% | H3Ybh  230x107% | MAYb 284 x107% | WSYDL  212x107% | Lu  2.22x107%
Wiiu  1.47x 107 | TTHF  1.73x107% | 78Hf  1.40x107% | I9Hf 1.00 x 107% | 89Hf 1.05 x 107
BIHf 177 x107°7 | B2Hf 989 x 1079 | BlTa 594x107°7 | ¥Ta 232x10712 | BW 4.73x107%
BIW 771 x107%7 | BIW 0 479 x 1077 | BSW 178 x 107 | B¥W 2111 x107°¢ | B2Re 6.19 x 1077
BTRe 231 x107% | BRe 216 x107% | B80s 3.02x107% | B20s 7.49x107% | 290s 1.11 x107%
280s 260 x107°7 | 220s  1.99x107% | 280s 298 x107% | 2Ir 1.64x107% | 2Ir 2.82x107%
Py 1.09x107% | 2Pt 849 x107%7 | 2Pt 3.24x107% | %Pt 2.20x107% | 2Pt 6.91 x 107%
20AU 1.39x107% | 1$¥Hg 3.69x107° | 20Q0Hg 243 x107° | 2%Hg 1.93x107% | 2%Hg 1.87 x 107
WHg  6.30x107% | 2¥Hg 1.93x107% | 2371  1.77 x 1077

Table 19. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 120 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
DZn 563 x107% | $9Ga  450x107% | T1Ga 143 x107% | 3Ge 459x107% | TiGe 1.43x107%
$Ge 6.39x107% | TBAs  275x107% | IiSe 2.73x107% | I9Se 3.50x107%* | 83Se  2.04 x 107 %
82Se 451 x 107%™ | TBr 244x1071° | §Br 296x107% | 8Kr 3.19x107% | SiKr 1.72x107%
S82Kr  204x107% | $5Rb  4.38x107° | §Rb 212x107% | 88Sr 297x107% | 83Sr  1.56 x 107%
208r  1.88x 107 | 8Y  652x1079 | 9y 478 x107% | %Y  3.71x107% | LPzZr 145 x 107
%Zr 116 x107% | 92Zr 451x107% | PBZr 718 x107% | PzZr 278 x107% | PBNb  1.01 x 1072
BNb  221x107% | BMo 520x107% | Mo 5.88x107% | ¥BMo 538x107% | 1Mo 1.64 x 1079
¥Te  1.26x107%° | 99Ru  1.31x 107 | URu  1.94x107% | 2Ru  229x107% | Ru  2.59 x 107%
MRu 245 x107% | YRu 994 x107% | 2Rh  1.90x107° | YP¥Rh 931 x 1072 | ¥Pd 1.93x107%
9Ppd 249 %x107% | 9Pd  1.53x107% | 9¥Pd 866 x107°¢ | 0Pd 1.13x107% | 12Ag 1.25x107%°
HAg 153 x107'° | 3Cd  1.11x107% | }3Cd 1.28x 1079 | 'j3Cd 9.02x107° | jiCd 1.25x 1079
H8cd 6.95%x107% | 18In 8.07x 107 | 1fSn  1.09x107%° | 148Sn 177 x107%° | 11¥9Sn  1.34 x 107%°
1208n 156 x 107% | 122Sn  1.11x107% | 123Sn  4.32x107% | 24Sn  1.60 x 107% | 125Sn  3.33 x 107%°
1289n 358 x107% | '2iSb  6.08 x 107% | !23Sb  3.90 x 107% | 2PSb  1.73x107% | 2PSb  5.26 x 1072
125Te  1.31x107°¢ | 25Te  3.02x 107 | BTe 1.07x107% | 139Te 1.15x107% 1277 6.17 x 1079
1291 786 x107% | 1311 1.89x107% | 20Xe 1.14x107'2| BiXe 598x107% | ¥Xe 4.75x107%
133Xe  3.52x 10712 | Xe 2.80x107% | 3Xe 240x107% | 133Cs 225x107% | 35Cs  1.80 x 107
1B7Cs  1.23x107% | 13¥Ba  3.07x107'2 | 37Ba  9.33x107% | 13¥Ba 156x107% | 2Ba 1.72x107%
B398 1.14x107% | #0La  261x107% | ¥0Ce 1.17x107% | HCe 6.23x107°7 | 42Ce 4.80 x 107
HiCe 5.42x107% | WIPr 738x107% | Pr 1.25%x107%% | MPr 228 x 1070 | E3Nd 5.12x 107
INd  1.84x 1079 | 18Nd 393 x107% | 145Nd 388 x107% | INd 1.25x107% | 148Nd 3.06 x 107
I89Nd 356 x 1079 | &TPm 225 %x107% | 187Sm 176 x 107°7 | 139Sm 2.35x107% | 122Sm 3.28 x 107

Table 19 continued
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
1229m  4.15x107% | 23Sm  4.33x107% | 21Eu  819x107% | 2%Eu  3.60x107% | 2°Eu  3.24 x 107%
B%Fu  1.81x107% | 13%Gd  1.60x107°7 | 135Gd 4.19x107° | 187Gd 343 x 107 | ¥8Gd 4.47x 107
199Gd  5.39x107% | ¥Th  4.37x107% | ®Th  3.08 x 107 | Dy 5.39x107% | 2Dy  6.55 x 107
18Dy 7.07x107% | 8Dy 7.49x107% | % Ho 6.10x107% | SSEr 548 x107% | STEr 3.97 x 107%
B8Er 368 x107% | Er 353x1071° | WEr 268x107% | ¥3Tm 247 x107% | 13 Tm 1.92 x 107
Tiyb 241 x107%7 | M2yb 277 x107% | M3Yb  230x107% | WAYb 284 x107% | MSYb 212 x 107
WIu  2.22x107% | YWLu 643 x 1072 | TIHf  1.73x107% | ZSHf 1.40x107% | 79Hf 1.00 x 107
BOHf  1.05x107°¢ | BIHf 1.08x107% | 82Hf 989x107°7 | BlTa 6.63x107°7 | BW 473 x 107"
BAW 771 x 10797 | W 363 x 10797 | BSW 178 x 1079 | W 156 x 1079 | #Re 7.35x 1077
B"Re 231 x107% | ERe 1.60x107%% | 880s 357 x107% | 820s 7.49x107% | 290s 1.11 x 107%®
12800s  6.49x107% | 1220s  1.99x107% | 280s 2.95x107% | 2Ir 1.66x107% | 2Ir 2.82x107%
P 1.08x107% | 24Pt 1.13x107% | 2Pt 3.24x107% | P8Pt 220%x107% | P8Pt 6.91 x 107
20AU 1.39x107% | 1$¥Hg 3.69x107° | 20Q0Hg 243 x107° | 2%Hg 1.93x107% | 2%Hg 1.87 x 107
WHg  4.03x107% | 2¥Hg 1.93x107% | 20371  2.00 x 1077

Table 20. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 180 days.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
DZn 563 x107% | $9Ga  450x107% | T1Ga 143 x107% | 3Ge 459x107% | TiGe 1.43x107%
$Ge 6.39x107% | TBAs  275x107% | IiSe 2.73x107% | I9Se 3.50x107%* | 83Se  2.04 x 107 %
82Se 451 x 107%™ | Br 366x1071°| §Br 296x107% | 8Kr 3.19x107% | SiKr 1.72x107%
82Kr  202x107% | $5Rb  654x107% | §Rb 212x107% | 88Sr 297x107% | 83Sr 6.85 x 107
208r  1.88x 107 | 8Y 739x107% | %Y  476x107% | %Y  1.82x107% | LPzZr 219 x 107
%Zr  1.35x107% | 92Zr 451x107% | PBZr 7.18x107% | PZr 1.45%x107% | PBNb  1.52x 107'?
$Nb  1.40x107°¢ | Mo  7.33x 107 | Mo 588 x107°¢ | BMo 538 x107°¢ | 1Mo 1.64 x 1079
¥Te  1.26%x107%° | 99Ru 199 x 1071 | Ry 1.94x107% | 2Ru  229x107% | Ru  8.99 x 1077
9Ru 245 x107%° | %Ru 889 x 1076 | Rh 207 x107% | 2Rh 832x 1072 | ¥Pd 193 x 107
19Pd 355 %x107% | 9Pd  1.53x107% | 9¥Pd 866 x107° | 0Pd 1.13x107% | 12Ag 1.25x107%°
aCd  111x107% | 2Cd 128 x107% | 13Cd 9.02x107% | iCd 125x107% | 4§Cd  6.95 x 107
HsIn  8.07x107° | MfSn  1.09x107% | 128Sn  1.77x107% | 39Sn 134 x107% | 129Sn  1.56 x 107%
1229n  1.11x107% | 23Sn  3.13x107% | '23Sn  1.60x 107% | !25Sn  4.46 x 1071 | 25Sn  3.58 x 107%
121Sh  6.08 x 107% | 1238h 509 x 107% | !29Sb  1.66 x 107%° | 29Sh 526 x 10712 | 25Te 2.01 x 107
128Te 479 x 1071 | 2Te  1.07x107% | 39Te 1.15x 107 1277 6.17x 1079 1291 7.86 x 1079
BT 1.06 x107M | 29Xe 171 x 1072 | BiXe 598x107% | 32Xe 4.75x107% | 3Xe 2.80x107%
135Xe  240x107% | 12Cs 2.25x107% | 3Cs 1.80x107% | BICs  1.22x107% | 3Ba  4.61 x 1072
137Ba 1.40x107°7 | 138Ba  1.56 x107% | 29Ba 6.60x 1071° | ¥La 1.14x107% | 3La 1.00 x 107 1°
HCe 1.17x107% | MlCe 1.73x107%7 | 2Ce 4.80x107% | 2Ce 4.68x107% | XPr 7.83x107%
HSPr 581 x 10710 | MPr 197 x 10710 | M3Nd 5.13x107% | 4Nd 257 x107% | BENd  3.93 x 107
15Nd  3.88x 1079 | 1INd 2.82x 1071 | 8Nd 3.06 x 107% | 189Nd 3.56 x 107% | ¥/Pm 2.16 x 107
BSm  2.72x107% | 4Sm 235 x107% | 23Sm  3.28 x 107% | 122Sm  4.15x 107% | 123Sm  4.33 x 107%

Table 20 continued
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Table 20 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
PiEu  1.23x 107 | 23Eu  3.60x 107 | 22FEu  3.17x 107 | R%Eu 1.17x 1079 | 183Gd 237 x 107"
198Gd  4.21x107% | 137Gd  3.43x107% | 138Gd 447 x107% | 189Gd  5.39 x107% | 2Tb  4.37 x 107
8Dy  539%x107% | 182Dy  6.55 x 107% | 183Dy 7.07 x 107% | %Dy 7.49x107% | Ho 6.10 x 107
BSEr 548 x107% | 8TEr 397 x107% | 88Er 3.68x107% | 82Er 421 x107'2 | 0Er 268 x 107%
189Tm 247 x107% | 1ZWdTm  1.81x107% | TIvyb 351x107% | 2Yb 277 x107% | Y3Yb 2.30 x 107
TYbh 284 x107% | H8YDL  212x107% | Lu 222x107% | MITHf 1.73x107% | MEHf 1.40 x 107
I9Hf  1.00 x 107° | 180Hf 1.05x107° | 8IHf 4.06 x 107° | 82Hf 9.89x107°7 | ¥Ta 7.30 x 1077
BW  4.73%x107°7 | BIW 0 771x 1077 | W 209x 10797 | BBW 178 x107% | 8W 862 x107°
BRe 8.90x107% | BIRe 231x107% | BRe 8.84x107% | B80Os 4.28x107% | B0Os 7.49 x 107
20s  1.11x107% | 00s 4.05x107% | 220s 1.99x107% | 280s 289 x107% | 2Ir 1.67x107%
28y 2.82x107% | 2y 1.06 x 107 | 24Pt  1.68x 107% | 123Pt 3.24 x107% | 2Pt 2.20 x 1079
28Pt 691 x 107 | 2TAu 1.39x107%° | P¥Hg 3.69x107% | 2W¥Hg 243 x107% | Z¥Hg 1.93 x 107%
2WHg 1.87x107% | 2B¥Hg 1.65x107% | 20%Hg 1.93x107% | 2BT1  2.24 x 1077

Table 21. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 1 year.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
M7n 563 x107 | $9Ga  450x107% | TGa 143 x107% | I3Ge 459x107% | 4Ge 1.43x107%
MGe 6.39x107% | TBAs 275x107% | TSe 2.73x107% | 198 350x107% | §9Se 2.04 x107%
828e 451 x107% | Br 742x107° | §Br 296x107% | 8Kr 3.19x107% | S¢Kr 1.72x107%
8Kr  1.96x107% | $£Rb 1.31x107% | §¥Rb 212x107% | 8Sr 297x107% | 8Sr  5.40x 1077
229r  1.85x 107 | 8)Y  8.02x107% | 29y  470x107%® | %Y  203x10797 | DZr 447 x 107
9%7Zr  1.51x107% | 927r  451x107% | 2¥7r 7.18x107% | %57Zr 1.95x107°7 | $Nb  3.09 x 10712
BNb 227x 1077 | $BMo 9.76 x 107 | TMo 588 x107°¢ | ¥Mo 538 x107°¢ | 1Mo 1.64 x 107°°
¥WTe 126x107% | PYRu  4.09x 107 | URu 1.94x107% | 12Ru  2.29%x107% | 1%Ru  3.41 x 107
MRu 245 %x107%° | %Ru 6.30 x 107° | Rh 216 x107%° | WRh 589 x 10712 | 92Pd 1.93 x 107
Pd 6.14x107% | 9Pd  1.53x107% | ¥Pd 866 x 107°¢ | Pd 1.13x107% | YTAg  1.64 x 10712
9Ag 125x107% | cd 1.11x107% | HM2Ccd 1.28x107% | M3Cd 9.02x107% | H2Cd 1.25x107%°
8Cd 6.95x107% | 'PBIn 807 x107% | ¥Sn  1.09x107% | '38Sn 177 x107% | '3¥Sn  1.34 x 107
129Sn 156 x 107% | 122Sn  1.11x 1079 | 2BSn  1.16 x107° | 2Sn  1.60x 107% | 1ZSn  3.58 x 107
121Sb  6.08 x 107% | 128Sb  7.06 x 107%¢ | 129Sb  1.46 x 107 | '26Sb  5.26 x 107'? | '23Te 4.00 x 107%
128Te  1.03x 10719 | 28Te 1.07x107% | B9Te 1.15x107% | ZT  617x107% | BT 786x 107
129%e 347 x 10712 | Bl1Xe 598 x107% | 13Xe 4.75x107% | 131Xe 280x107% | 139Xe 2.40x107%
B3Cs  2.25x107% | 135Cs  1.80x107% | B7Cs 1.21x107% | 13¥Ba 9.38x 10712 | 137Ba 2.82x 10777
138Ba 1.56 x 107%° | ¥La 114 x107% | '0Ce 1.17x107% | 'Ce 3.34x107% | '2Ce 4.80 x 107
HiCe 2.99x107% | WPr 800x107% | WPr 1.26x1071° | ¥Nd 514 x107% | 8Nd 4.27 x 107
5Nd  3.93x107% | 5Nd  3.88 x 1079 | 8N  3.06 x 107% | 2ONd 3.56 x 107% | B¥/Pm 1.89 x 107
182Sm 543 x107°7 | 49Sm 235 x107% | ¥2Sm  3.26x107% | 182Sm 4.15x107% | '8Sm  4.33 x 107
BlEu 251 %x107%® | 23Eu  360x107% | 2¥Eu 294 x107° | 12%Gd 4.63x107°97 | ¥%Gd 4.21 x 1079
127Gd 343 x107% | 128Gd 447 x107% | 189Gd 5.39x107% | 2Th 4.37x107% | Dy 5.39 x 107

Table 21 continued
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Table 21 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
182Dy 655 x107% | 18Dy 7.07x107% | %Dy 7.49x107% | % Ho 6.10x107% | S§Er 5.48 x 107%
BEr  397x107% | 8Er 368x107% | WEr 268x107% | ¥3Tm 247 x107% | 1 Tm 1.51 x 107%
TiYb 654 x 10797 | M2Yb 277 x107% | M3Yb  230x107% | WdYb 284 x107% | MSYb 2,12 x 107
W 2.22x107% | TTHf  1.73x107% | T8Hf 1.40x107% | I9Hf 1.00x 107% | 89Hf 1.05 x 107
IBIHf  1.96 x 107 | 82Hf 9.89x 10797 | 8Ta 7.69x 1077 | W 473x 10797 | W 771x 107"
BPW 377 x107%8 | BSW 178 x107% | B¥W 137 x107°7 | EPRe 1.06 x 107°¢ | BIRe 2.31 x 107°¢
B8Re 1.40x107% | B80s 5.01x107% | 8Os 7.49x107% | 20s 1.11x107% | 220s 1.99 x 107%
240s 273x107% | B 167 x107% | 2Ir  282x107% | 22Ir 1.00x107% | PPt 3.33x 107
P8Pt 324 %1079 | 2Pt 220%x107%° | 8Pt  6.91x107% | ¥TAu  1.39x107% | 99Hg 3.69 x 107
2WHg 243 x107% | 2%Hg 1.93x107% | 2¥Hg 1.87x107% | 2BHg 1.05x107% | 2%Hg 1.93 x 107
2BT1 239 x 1077

Table 22. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 2 years.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
7Zn  563x107% | $9Ga  450x 107 | I1Ga 143 x107% | BGe 4.59x107% | TiGe 1.43x107%
BGe 6.39x107% | TBAs 275 x107% | TiSe 2.73x107% | I9Se 3.50x107% | 83Se  2.04 x107%
828e 451 x 107%™ | TBr 148 x107% | §Br 296x107% | 8Kr 3.19x107% | SiKr 1.72x107%
8Kr 1.83x107% | 5Rb 253x107% | §TRb 212x107% | §Sr 297x107% | 8§2Sr 3.62x107%
28r  1.81x107% | 8Y  807x107% | 39y  459x107%® | %Y 268x107% | PzZr 888 x 1079
%Zr  153x107% | 927Zr 451x107% | PzZr 718 x107% | PZr 3.75x107% | PBNb  6.18 x 1072
BNb 451 %x107%° | $BMo 1.02x107% | Mo 588 x107° | ¥Mo 538x107° | 1Mo 1.64 x 107%°
¥Te  1.26x107%° | 99Ru  822x 1071 | MURu  1.94x107% | 2Ru  229%x107% | BRu 5.39 x 10711
MRu 245 %x107%° | WRu 3.19x107% | WRh 216 x107%° | WRh 298 x 10712 | %2Pd 1.93 x 107
19%Pd 925 x107% | 9Pd  1.53x107% | 9¥Pd 866 x107°¢ | 0Pd 1.13x107% | 197Ag 3.27 x 10712
2Ag  1.25x107% | 3Cd  1.11x107% | }3Cd 1.28x107% | 1j3Cd  9.02x 107 | jiCd 1.25x 1079
8cd 6.95x107° | 18In 8.07x 107 | 1fSn  1.09x107%° | 48Sn 177 x107%° | 29Sn  1.34 x 107%°
1298n  1.56 x 107% | '22Sn  1.11x107% | 28Sn  1.63x107°7 | 24Sn  1.60 x 107% | 28Sn  3.58 x 107%
121Sb  6.08 x 107% | 128Sb  8.06 x 107% | 129Sb  1.14x 107% | 29Sb 5.26 x 107'? | BTe 7.25 x 107%
128Te 211 x 10710 | 28Te  1.07x 1079 | 39Te 1.15x 107 1277 6.17x 1079 1291 7.86 x 107
129Xe  6.94x 10712 | 131Xe 5.98x107% | 132Xe 4.75x107% | 131Xe 2.80x107% | 139Xe 2.40x107%
B3Cs  2.25x107%° | 22Cs  1.80x107% | B7Cs 1.18x107% | 13¥Ba 1.88x 107! | 37Ba 5.57 x 1077
138Ba  1.56 x107% | 13La 1.14x107% | 120Ce 1.17x107% | 18Ce 1.39x107'2 | 142Ce 4.80 x 107°¢
HiCe 1.23x107% | APr 8.00x107% | ¥Pr 517x1071 | 18Nd 514 x107% | 18Nd  6.03 x 107%
ISNd 393 x107% | 195Nd  3.88x 1079 | 8Nd  3.06 x 107% | 2INd  3.56 x 107% | 47Pm 1.45 x 107%
187Sm  9.81 x 107°7 | 49Sm  2.35 x 107 151Sm 3.24x107% | 1329m  4.15x107% | 189Sm  4.33 x 107
BiEu  5.02x107°% | 23Eu  3.60x 107 | 22Eu 254 x 1079 | 183Gd 863 x 10797 | 185Gd 4.21 x 1079¢
127Gd 343 x107% | 128Gd  4.47 x 107 16°Gd 5.39 x 1079 | 139Th 437 x107% | 8Dy 5.39 x 107
82Dy 655 x 107°¢ | Dy  7.07x107% | %Dy 7.49x107° | 18Ho 6.10x107% | 8Er 5.48 x 107
BTEr  3.97x107% | 88Er 3.68x107% | Er 268 x107% | 18Tm 247x107% | ZTm 1.05x 107%

Table 22 continued



RADIOACTIVE DECAY OF r-PROCESS NUCLEI 43
Table 22 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
Tiyb 111 x107% | 2yb 277 x107% | ¥3Yb 230x107% | WdYb 284 x107% | ¥SYb 212 x 107
STu  2.22x107% | WIHf  1.73x107% | YSHf 1.40x107° | YOHf 1.00x107° | BIHf 1.05x 107
BIHf 501 x 10712 | B2Hf 989 x107°7 | 8lTa 771x107%7 | W 473x107°7 | W  7.71x107%
BIW  1.30x 1079 | BIW 178 x 107°¢ | W 364 x 107 | ¥Re 1.10x107°¢ | ¥Re 231 x 107
18Re 3.73x 107 | 880s 5.15x107% | B0s 7.49x107% | 290s 1.11x107% | 220s 1.99 x 107%
240s 243 x107% | R 1.67x107% | 2Ir  282x107% | 2r  8.92x107% | %Pt 6.31 x107%
125Pt 324 x107% | 8Pt 220x107%° | 2Pt 6.91x107% | %7Au  1.39x107% | 2Hg 3.69 x 107
2WHg 243 x107° | 2%Hg 1.93x107% | 2%Hg 1.87x107% | 2¥Hg 4.60x 1072 | 2Hg 1.93 x 107
20371 240 x 10797

Table 23. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 3 years.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
M7Zn 563x107% | $9Ga  450x107% | Ga 143x107% | BGe 459x107% | TiGe 1.43x107%
KGe 6.39x107% | TBAs 275x107% | I7Se 2.73x107% | I9Se 3.50x107%* | 89Se  2.04 x 107%
§2Ge 451 x 107 | Br 223x107% | §IBr 296x107% | £Kr 3.19x107% | §IKr 1.72x107%
S2Kr  1.72x107% | $Rb  368x107% | §Rb 212x107% | 88Sr 297x107% | 83Sr 242x 107!
208r  1.7Tx107 | 8Y  8.07x107% | %Y 448 x 1078 BY  354x107M | 99Zr  1.32x 1079
2%Zr  1.53x107% | 927Zr  451x107% | B¥7Zr 718 x107% | Zr 7.19x 107 | BNb  9.27x 1072
®Nb  866x 1071 | $BMo 1.02x107% | $TMo 588x107° | ¥Mo 538x107% | 1Mo 1.64 x 107%°
¥WTe 126x107% | PYRu  1.24x 1070 | YURu  1.94x107% | 'PRu 2.29x107% | 94Ru 245 x 107
Ru  1.61x107% | BRh 216x107% | ¥Rh 151 x107*2 | ¥Pd 1.93x107% | 2Pd 1.08 x 1079
Pd 1.53x107% | '¥Pd 866 x107° | 19Pd 1.13x107% | 'TAg 491 x107'2 | 'PPAg 1.25x107%
HaCd  111x107% | 2Cd 128 x107% | 43Cd 9.02x107% | iCd 125x107% | 4§Cd 6.95 x 107%
H8In  8.07x107% | fSn  1.09x107% | 8Sn 177 x107% | ®Sn  1.34 x107% | 20Sn  1.56 x 107%
122Sn 1.11x107% | '23Sn 230 x 107 | '23Sn  1.60 x 107% | '25Sn  3.58 x 107% | '2{Sb  6.08 x 107%¢
1258h  8.20x 1079 | 1298h 884 x 107% | 129Shb 526 x 1072 | 28Te 9.78 x107% | 28Te 3.18 x 1071
128Te  1.07x107% | 139Te 1.15x107% | AT  617x107% | BT 78 x107% | 1#HXe 1.04x 107"
Bi1Xe 5.98x107% | 132Xe 4.75x107% | 31Xe 2.80x107% | 139Xe 240x107% | 2Cs 2.25x107%
135Cs  1.80x 1079 | BICs 1.15x107% | 13°Ba 2.82x 107" | 3{Ba 826x107°7 | 3¥Ba 1.56 x 107%
La  1.14x107% | H0Ce 1.17x107% | '2Ce 4.80x107% | HCe 5.05x 1077 | MiPr 8.00 x 107%
HaPr 213 x 107" | 1Nd 514 x107% | INd 675 x 107% | 85Nd  3.93 x 107% | §SNd  3.88 x 107
I88Nd  3.06x107° | BONd 356 x 107 | ¥7Pm  1.11x107° | 47Sm 1.32x107% | 49Sm 2.35 x 107
183Sm  3.21 x107% | 122Sm  4.15x107% | 123Sm 4.33x107% | 21Eu  7.50x107%® | 12%Eu  3.60 x 107
2Fu  2.19x107% | 122Gd  1.21 x 1079 | 128Gd 421 x 107 | 27Gd 3.43 x 107 | 138Gd 4.47 x 107%¢
89Gd  5.39x 1079 | 189Tb 4.37x107% | 18Dy 539%x107% | 182Dy 655 x107% | 83Dy 7.07 x 107
83Dy 749 %x107% | 2Ho 6.10x 107° | 8SEr 548 x107% | ¥TEr 3.97x107% | 8Er 3.68 x 107
MEr 268 x107% | 18Tm 247 x107% | WTm 7.31x107°7 | Yb 1.43x107% | 22yb 277 x 107
8Yb  230x107° | YL 284 x 1079 | MEYDL  212x107% | MSLu 2.22x107% | WIHf 1.73x107%
TSHf 140 x 107° | MOHf 1.00 x 107° | SBIHf 1.05x107° | BZHf 9.89x107°7 | 8ITa 7.71x 1077

Table 23 continued
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Table 23 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
BSW 473 x107°7 | BIW 771 x107°7 | BPW 446 x 107 | BIW 178 x107% | B8W  9.66 x 107!
185Re 1.10x107% | 8Re 2.31x107% | 880s 5.15x107% | B20s 7.49x107% | 290s 1.11 x107%
1220s  1.99x107% | 220s 216 x107% | 2dIr  1.67x107% | 2r  2.82x107% | Pr  7.94x107%
24Pt 896 x 1079 | 22Pt 324 %x107%° | WPt 220%x107%° | ¥8Pt  6.91x107° | ¥TAu  1.39 x 107
1¥9Hg 3.60x107% | 20Hg 243 x107% | ZlHg 1.93x107° | 2%2Hg 1.87x107° | 2%3Hg 1.93 x 107
2371 2.40 x 1077

Table 24. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 5 years.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
N7Zn 563 x107 | $9Ga  450x107% | TGa 143 x107% | I3Ge 459x107% | 4Ge 1.43x107%
BGe 6.39x107% | BAs 275 x107% | TiSe 273x107% | 79S¢ 350 x 107 | §9Se  2.04 x107%
82Ge 451 x107% | TBr 371x107% | §Br 296x107% | $£Kr 3.19x107% | $Kr 1.72x107%
8Kr  1.51x107% | $£Rb  576x107% | §Rb 212x107% | 8Sr 297x107% | 2¥Sr  1.68x 107%™
8Y 8.07x107% XY  427x107% | P¥7Zr  215x107% | 3Zr 153 x107%° | 2Zr  4.51x 107
97Zr  7.18x107% | BNb  1.55x 1071 | BMo 1.02x107% | 9IMo 5.88x107% | BMo 5.38 x 107
°Mo  1.64x107% | 93Tc 1.26x107%° | $Ru 206 x107° | 'YRu  1.94x107% | 92Ru 2.29 x 107
MRu 245 x107% | Ru  4.13x107%7 | 1BRh 216 x107%° | 1¥Pd  1.93x107% | 2¥Pd 1.20x 107%
Pd 153 x107% | 9¥Pd 866 x107% | 0Pd 1.13x107% | YTAg 819x 1072 | 12Ag 1.25x107%°
HaCd  111x107% | 2Cd 128 x107% | 43Cd 9.02x107% | iCd 125x107% | 4§Cd 6.95 x 107%
USIn  8.07x107° | MfSn  1.09x107% | 12¥Sn  1.77x107% | 139Sn 134 x107% | 129Sn  1.56 x 107%
122Sn  1.11x107% | '23Sn 457 x 107 | 23Sn 1.60 x 107% | '25Sn  3.58 x 107% | !2{Sb = 6.08 x 107%¢
1258h  8.22x 1079 | 1298h 535 x107% | 129Shb 526 x107'? | 28Te 1.33x107% | 28Te 5.34x 1071
128Te  1.07x107% | 139Te 1.15x107% | 1ZT  6.17x107% 1291 786 x107% | 29Xe 1.73x 107!
B1Xe 5.98x107% | 132Xe 4.75x107% | 31Xe 2.80x107% | 139Xe 240x107% | 32Cs 2.25x107%
B5Cs  1.80x107% | BICs 1.10x107% | 3Ba 470 x 107 | 87Ba  1.35x107% | 138Ba  1.56 x 107%
13978 1.14x107% | 20Ce 1.17x107% | 12Ce 4.80x107% | MCe 854x107% | MPr 8.00x 107
HaPr  3.60x 10712 | ENd 514 x107% | Nd 717 x107% | 5Nd  3.93x107% | ¥5Nd 3.88 x 107
SNd  3.06 x 10796 | 139Nd  3.56 x 107° | ¥Pm  6.55 x 107°7 | 137Sm 177 x107% | 189Sm  2.35 x 1076
183Sm  3.16 x 107% | 122Sm  4.15x107% | 123Sm 4.33x107% | ¥Eu  1.24 x107°7 | 13%Eu  3.60 x 107
P2Fu  1.64x107% | 122Gd  1.77 x 107%¢ | 12%Gd 421 x 1079 | 27Gd 3.43 x 1079 | 128Gd 4.47 x 107%¢
189Gd  5.39x 1079 | 189Tb 4.37x107% | 18Dy 5.39%x107% | 182Dy 655 x107% | 83Dy 7.07 x 107
88Dy 749 %x107% | 2Ho 6.10 x 107° | 85Er 548 x107% | ¥TEr 3.97x107% | 88Er  3.68 x 107
TOEr 268 x107% | 189Tm 247 %x107% | W Tm 355 %x107°7 | Miyb 1.81x107% | ¥2yb 277 x 107
8Yb  230x 107 | M3Yb 284 x107% | MSYb 212x107% | PLu  222x107% | MIHf 1.73x 107
TSHf 140 x 107° | MOHf  1.00 x 107°6 | SBIHf 1.05x107° | BZHf 9.89x107°7 | 8ITa 7.71x 1077
BSW 473 x107°7 | BIW 771 x107°7 | BSW 178 x107° | 2Re 1.10x107° | BTRe 2.31 x 107%¢
1880s 515 x107% | 80s 7.49x107% | 290s 1.11x107% | 220s 1.99x107% | 280s 1.72x107%
Py 1.67x107% | 231r  2.82x107% | P4r  630x107% | %Pt 1.34x107% | 2Pt 324 x 1079
128Pt 220x107% | 8Pt 6.91x 107 | ¥FAu  1.39x107% | 9@Hg 3.69x 107% | 2¥Hg 2.43 x 107
2WHg 1.93x107% | 22Hg 1.87x107% | 20%Hg 1.93x107% | 2T1  2.40 x 1077
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Table 25. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 7 years.
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Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
7Zn  563x107% | $9Ga  450x 107 | 1Ga 143 x107% | B3Ge 4.59x107% | TiGe 1.43x107%
Ge 6.39x107% | TBAs  275x107% | IiSe 2.73x107% | I9Se  3.50x107% | 83Se  2.04 x 107%
82Se 451 x 107%™ | Br 519x107% | §Br 296x107% | 8Kr 3.19x107% | SiKr 1.72x107%
8SKr 1.33x107% | $Rb 759x107% | §TRb 2.12x107% | §Sr 297x107% | %%Sr 1.60x 107%™
8Y  8.07x107% | Y  4.07x107% | P0zr 294x107% | Pzr 153x107% | P27r 451 x107%
%Zr  718x107% | P$Nb  216x 107" | PBMo 1.02x107% | $TMo 5.88x107% | Mo  5.38 x 107%

Mo 1.64x107% | ¥Tc  1.26x107%° | PYRu 289 x107'° | URu  1.94x107% | 2Ru 229 x 1079
MRu 245 %x107% | %Ru 1.06 x 107°7 | Rh 216 x107%° | %°Pd  1.93x107% | 19Pd 1.23x 107
1%Pd 1.53x107% | 28Pd 866 x107° | 19Pd 1.13x107% | 'PAg 1.15x 107 | 'P2Ag 1.25x107%°
Hicd  111x107% | 2cd 128 x107% | H3Cd  9.02x107% | 2cd 125 x107% | 1SCd  6.95 x 107
oI 8.07x107% | fSn  1.09x107% | M8Sn 177 x107% | ¥Sn  1.34x107% | 20Sn  1.56 x 107%
1228n  1.11x107% | !23Sn  9.08 x107'2 | 23Sn  1.60 x 107% | 128Sn 358 x 107% | 2{Sb  6.08 x 107
1259h 8.22x 1079 | 1258h  3.24x107% | 125Shb 526 x 10712 | 28Te 1.54x107% | 28Te  7.50 x 10710
128Te  1.07x107% | B9Te 1.15x107% | HT  617x107%° | 21  786x107% | 1HXe 243x107"
31Xe 5.98x107% | 32Xe 4.75x107% | 3Xe 280x107% | 13Xe 240x107% | 3Cs 2.25x107%°
135Cs  1.80x107% | 3/Cs 1.05x107% | 13¥Ba 6.58x 107" | 37Ba 1.84x107% | 138Ba 1.56 x 107%
B9 1.14x107% | 0Ce 1.17x107% | ¥2Ce 4.80x107% | HCe 144 x107% | Pr 8.00x 107
I8Nd 514 x 1079 | 18Nd 724 x107% | SNd 393 x107% | ¥5Nd 3.88x107% | SN  3.06 x 107
I89Nd 356 x 1079 | &TPm  3.86x 107°7 | 187Sm  2.04 x 107% | 139Sm 2.35x107% | 181Sm 3.12x 107

1229m  4.15x107% | 23Sm  4.33x107% | 21Eu  1.73x 107 | 2%Eu  3.60x107% | 2°Eu 1.22 x 107

199Gd 218 x107% | 135Gd  4.21x107% | 137Gd  3.43x107% | 128Gd 447 x107% | 182Gd 5.39 x 107
129Th  4.37x107% | 18Dy 539x107% | 8Dy 6.55x107% | 8Dy 7.07x107% | %Dy 7.49 x 107%
185Ho 6.10x107% | 8Er 548 x107% | % Er 3.97x107°¢ | Er 368x107% | WEr 2.68 x 107

9Tm  247x107% | Tm  1.72x107°7 | 173Yb 1.99x107% | 12yb 277 x107% | ¥3Yb 2.30 x 107

T8Yb 284 %1079 | M8Yb 212x107% | PLu  222x107% | MIHf 1.73x107% | MEHf 1.40 x 107
TSHf  1.00x 107% | BHf 1.05x107% | BEHf 989x 1077 | BiTa 7.71x107%7 | BW 473 x 1077
BIW 771 x 10797 | BSW 178 x 1079 | ERe 1.10x 107 | ¥Re 231 x107° | 8Os 5.15x 107
B90s  7.49x107% | 290s  1.11x107% | 220s 1.99x107% | 220s 1.36x107% | 2  1.67x107%
23 2.82x107% | Iy 500x107%° | 24Pt  1.70x107% | 03Pt 324 x107% | 2Pt 220 x 107
28Pt 6.91x107% | 27Au  1.39x107% | ¥Hg 3.69x107% | Z0Hg 243 x107% | UHg 1.93x107%

2WHg  1.87x107% | 2WHg 1.93x107% | 2T1  2.40 x 107°7

Table 26. Nuclear abundances for the radioactive decay of a solar-like r-process composition after 10 years.

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
7Zn 563 x107% | $9Ga  450x 107 | I1Ga 143 x107% | BGe 4.59x107% | TiGe 1.43x107%
MGe 639x107% | TBAs 275 x107% | TiSe 2.73x107% | 198 350x107%% | 8§9Se 2.04 x107%
82Se 451 x 107%™ | Br 742x107% | §Br 296x107% | 8Kr 3.19x107% | SKr 1.72x107%

Table 26 continued
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Table 26 (continued)

Isotope Y Isotope Y Isotope Y Isotope Y Isotope Y
8Kr  1.09%x107™ | $£Rb  993x107% | §¥Rb 212x107% | 8Sr 297x107% | 2¥Sr 149 x 107%™
8Y  807x107% | Y 379x107% | PzZr  4.06x107% | ¥Zr 153x107% | 2Zr 451 x107%
8Zr  718x107% | PBNb  3.09x 107 | BMo 1.02x107% | IMo 588 x107% | Mo 538 x 107

°Mo  1.64x107% | 9Tc 1.26x107%° | $Ru  4.13x107'° | 'YRu  1.94x107% | 92Ru  2.29 x 1079
Ru 245 %x107%° | 1%Ru 1.37x107% | 2BRh 216 x107%° | ¥Pd  1.93x107% | 9¥Pd 1.24 x 107
9Pd 1.53x107% | 2¥Pd 866 x107° | 19Pd 1.13x107% | 'TAg 1.64x 107" | 'PPAg 1.25x107%
HiCd 111 x107% | H2cd 128 x107%° | 3Cd  9.02x107% | 2Cd 125 x107% | MeCd  6.95 x 107
H8In  8.07x107% | fSn  1.09x107% | M8Sn 177 x107% | ®Sn  1.34x107% | 20Sn  1.56 x 107%
1229n  1.11x107% | 24Sn 1.60x107% | 128Sn 358 x107% | 2{Sh  6.08 x 107% | 128Sh  8.22x 107
1256h  1.52x107% | 1258 526 x 1072 | FBTe 1.71x107% | 2Te 1.07x107% | 28Te 1.07 x 107%™
1B9Te  1.15x107% | 1ZT  617x107% | BT 786 x107% | 1HXe 347x107' | 131Xe 5.98x107%
132Xe  4.75x107% | 3iXe 2.80x107% | 39Xe 240x107% | ¥Cs 2.25x107% | 2Cs  1.80 x 107%
37Cs  9.82x 1079 | 135Ba 940 x 107 | 3IBa 255x107% | 3¥Ba 156 x107% | 3¥La 1.14x107%
HCe 1.17x107% | M2Ce 4.80x107% | Ce 1.00x107% | 8Pr 8.00x107% | 18Nd 5.14 x 107%
IONd 726 x 1079 | 185Nd  3.93 x 1079 | 4SNd  3.88 x 107% | 8Nd  3.06 x 107% | 2INd  3.56 x 107

BPm 175 x 10797 | 187Sm 225 x 107 | 139Sm 235 x107% | 183Sm  3.04 x 107% | 182Sm  4.15 x 107

124Sm  4.33x107% | 31Eu 244 x107% | 2%Eu  3.60x107% | 22Eu 7.88x107%7 | ¥%Gd 2.62 x 107

199Gd  4.21x107% | 187Gd 343 x107% | 128Gd 447 x107% | 189Gd 5.39x107% | 2Thb  4.37 x 107
8Dy  539x107% | 2Dy 655 x107% | 18Dy 7.07x107% | %Dy 7.49x107% | 188Ho 6.10 x 107
BSEr 548 x107% | 8TEr 397 x107% | 88Er 3.68x107% | 2Er 268 x107% | 8Tm 247 x107%

WTm 583 x107% | Yb 210x107% | 2yb 277 x107% | 1B8Yb 230x107% | 73Yb 2.84 x 107

78Yb  212x107% | 1Ly 222x107% | YIHf 173 x107% | MSHf 1.40x107% | MOHf 1.00 x 107
B9Hf  1.05x 1079 | BZHf 989 x 107°7 | BlTa 771 x107°7 | BIW 473 x107°7 | BIW 771 x 1077
1BSW 178 x 107°¢ | ¥Re 1.10x 107 | ¥Re 231 x107°¢ | BOs 515x107%¢ | BOs 7.49 x 107°¢
1290s  1.11x107% | 220s  1.99x107% | 280s 9.64x107% | 2Ir 1.67x107% | 2Ir 2.82x107%
P4y 354 x 107 | 2Pt 210x107% | 122Pt  3.24 x107% | %Pt 2.20x107% | 2Pt 6.91 x 107%

197Au 1.39x 1079 | PHg 3.69x107° | 20Hg 243 x107% | ¥Hg 1.93x107% | 2¥Hg 1.87 x 107

2WHg 1.93x107% | 2371 2.40 x 1077
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