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ABSTRACT

We investigate the effects of thermonuclear reaction-rate uncertainties on nova nucleosynthesis. One-zone
nucleosynthesis calculations have been performed by adopting temperature-density-time profiles of the hot-
test hydrogen-burning zone (i.e., the region in which most of the nucleosynthesis takes place). We obtain our
profiles from seven different, recently published, hydrodynamic nova simulations covering peak temperatures
in the range from Tpeax = 0.145 to 0.418 GK. For each of these profiles, we individually varied the rates of
175 reactions within their associated errors and analyzed the resulting abundance changes of 142 isotopes in
the mass range below A4 = 40. In total, we performed ~7350 nuclear reaction network calculations. We use
the most recent thermonuclear reaction-rate evaluations for the mass ranges 4 = 1-20 and 20-40. For the
theoretical astrophysicist, our results indicate the extent to which nova nucleosynthesis calculations depend
on currently uncertain nuclear physics input, while for the experimental nuclear physicist, our results repre-
sent at least a qualitative guide for future measurements at stable and radioactive ion beam facilities. We find
that present reaction-rate estimates are reliable for predictions of Li, Be, C, and N abundances in nova
nucleosynthesis. However, rate uncertainties of several reactions have to be reduced significantly in order to
predict more reliable O, F, Ne, Na, Mg, Al, Si, S, Cl, and Ar abundances. Results are presented in tabular

form for each adopted nova simulation.

Subject headings: novae, cataclysmic variables — nuclear reactions, nucleosynthesis, abundances —

stars: abundances

1. INTRODUCTION

Classical novae occur in binary star systems consisting of
a white dwarf and a main sequence star. When the compan-
ion star fills its Roche lobe, matter passes through the inner
Lagrangian point and accumulates in an accretion disk
before falling onto the white dwarf. The accreted layer grad-
ually grows in mass. For sufficiently small mass-accretion
rates, the deepest layers of the accreted material become
partially degenerate. The temperature in the accumulated
envelope increases because of compressional heating and
energy release from nuclear reactions until a thermonuclear
runaway occurs. At some time during the evolution, mate-
rial from the white dwarf core is mixed into the accreted
hydrogen-rich layer. As a consequence, a significant frac-
tion of material, enriched in the products of hot hydrogen
burning, is ejected into the interstellar medium. Spectro-
scopic studies of classical novae show enrichments of either
C, N, O, or certain elements in the range from Ne to Ar
(Gehrz et al. 1998, and references therein; Starrfield et al.
1998). The observed abundance patterns have been
explained by assuming that the outbursts involve two fun-
damentally different types of white dwarfs with a composi-
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tion consisting primarily of either carbon and oxygen (CO)
or oxygen and neon (ONe).

The study of classical novae is of considerable interest for
several reasons. First, spectroscopic studies of nova ejecta,
when properly interpreted, reveal the composition of the
underlying white dwarf, thereby constraining models of stel-
lar evolution. Second, the observed elemental abundances
also reflect the evolution of the thermonuclear runaway,
such as peak temperatures and expansion timescales, and
thus provide constraints for models of stellar explosions
(Starrfield et al. 1998, 2000). Third, classical novae clearly
contribute to the chemical evolution of the Galaxy. In fact,
they have been proposed as the major source of the isotopes
13C and 70, and perhaps N (José & Hernanz 1998). They
may also represent a site for production of the cosmologi-
cally interesting isotope ’Li (Arnould & Norgaard 1975;
Starrfield et al. 1978; Hernanz et al. 1996), as suggested by
recent models of Galactic chemical evolution (Romano et
al. 1999). Fourth, it is believed that radioactive isotopes are
synthesized in nova outbursts. Short-lived isotopes, such as
10 (11, = 71 s), 130 (71, = 2 minutes), and '"F (71, = 65
s), can reach the outer layers of the accreted envelope via
convection, and their -decays provide an important energy
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source for the ejection of material (Starrfield et al. 1972).
The decays of the short-lived nuclei N (7, = 10 minutes)
and "8F (71, = 110 minutes) produce ~-radiation of 511
keV and below, related to electron-positron annihilation
and Compton scattering, at a time when the expanding
envelope becomes transparent to y-rays (Gomez-Gomar et
al. 1998; Hernanz et al. 1999). The decays of the longer lived
isotopes "Be (71> = 53 days) and ??Na (71, = 2.6 yr) pro-
duce ~-rays with energies of £, = 478 and 1275 keV, respec-
tively (Clayton & Hoyle 1974; Leising & Clayton 1987).
Observations of v-rays from novae have been attempted
with several satellites, but no positive detection has been
reported. In the near future, however, novae will be promis-
ing targets for more sensitive instruments, such as the Inter-
national Gamma-Ray Astrophysics Laboratory
(INTEGRAL). Fifth, the discovery of 26Al (71, = 7.4 x 10
yr) in the interstellar medium (Mahoney et al. 1982) pro-
vided direct proof that nucleosynthesis is currently active in
the Galaxy. From the observed intensity of the 1809 keV ~-
ray line emission, it has been estimated that the production
rate of 20Al in the Galaxy is ~2 M., per 10° yr. Although
massive stars have been proposed as the main source of 2°Al
(Diehl et al. 1995; Prantzos & Diehl 1996; Diehl 1997,
Knodlseder 1999), a contribution from classical novae can-
not be ruled out (Politano et al. 1995; Jos¢, Hernanz, & Coc
1997). Sixth, the recent discovery of several presolar SiC
grains with anomalous C, N, Al and Si isotopic ratios
points toward a nova origin (Amari et al. 2001). If this iden-
tification is accurate, then the measured isotopic composi-
tion provides important constraints on both the
nucleosynthesis and on the conditions in stellar outflows
and circumstellar grain formation (Gehrz et al. 1998).

The thermonuclear runaway model reproduces several
key features observed in nova outbursts. At present, the
most successful calculations involve one-dimensional
hydrodynamic codes that are directly coupled to large
nuclear reaction networks (Kovetz & Prialnik 1997; Jos¢ &
Hernanz 1998; Starrfield et al. 1998, 2000, and references
therein). However, some outstanding problems remain to
be solved (Gehrz et al. 1998; José & Hernanz 1998; Starrfield
et al. 1998, 2000). For example, the masses of the underlying
white dwarfs are unknown, and the rates of mass accretion
are poorly constrained. The composition of white dwarfs
involved in either CO or ONe novae is far from understood
and may vary from outburst to outburst. The mechanism
responsible for the mixing of white dwarf core material into
the accreted hydrogen envelope is not universally accepted.
The amount of mass ejected is controversial. Finally, many
nuclear reaction cross sections entering into the hydro-
dynamic model calculations are uncertain by orders of
magnitude.

In the present work, we focus on the effects of reaction-
rate uncertainties in nova model calculations. In the past,
such effects were frequently ignored by stellar modelers,
who used only one specific set of recommended reaction
rates from available libraries. Reaction-rate uncertainties in
hydrodynamic nova model calculations have rarely been
explored in previous work. These studies were mainly con-
cerned with the effects of a few uncertain reaction rates on
the production of specific isotopes of interest, such as 18F
(Coc et al. 2000), 22Na and 26Al (José, Coc, & Hernanz
1999), and SiCa (José, Coc, & Hernanz 2001). In the present
work, we describe a more extensive approach. We independ-
ently vary the rates of 175 reactions that participate in nova

model nucleosynthesis and analyze the resulting abundance
variations of 142 isotopes in the mass range below 4 = 40.
In our calculations, we take advantage of the two most
recent thermonuclear reaction-rate evaluations for the mass
ranges 4 = 1-20 (Angulo et al. 1999) and 20-40 (Iliadis et
al. 2001). For the theoretical astrophysicist, our results indi-
cate the extent to which the nucleosynthesis depends on cur-
rently uncertain nuclear physics input, while for the
experimental nuclear physicist, our results represent at the
least a qualitative guide for future measurements at stable
or radioactive ion beam facilities.

Our philosophy and general issues related to the present
work are described in § 2. In § 3 we explain our strategy and
procedures in more detail. Results are presented in § 4 and
discussed in § 5. A summary and conclusions are given
in§ 6.

2. PHILOSOPHY

Experimental nuclear physicists frequently inquire about
“the most important nuclear reaction to be measured in
order to explain the nova phenomenon.” Recalling the dis-
cussion in the last section, we can state with confidence that
a single most important reaction does not exist. Rather, dif-
ferent key reactions are important for different aspects of
nova nucleosynthesis. We also need to make an important
distinction. Of principle interest is not the identification of
the most important nuclear reactions (for example, those
that produce most of the energy), but the search for those
reaction-rate uncertainties that have the largest impact
on nova simulations. It is precisely these reaction-rate
uncertainties that need to be addressed with significant new
measurements.

Modern reaction networks used in nova studies typically
involve &100 isotopes linked by a1000 nuclear reactions
and decays. The situation is very complex, and intuitive
guesses regarding the most important reaction-rate uncer-
tainties are inadequate. Clearly, a quantitative approach is
needed. Consider as an example a nuclear reaction with a
rate uncertainty of a factor of 100 in the temperature range
of interest. The most direct approach to investigate the
effects of this uncertainty on the overall nucleosynthesis
would require several hydrodynamic simulations. The first
calculation might be performed with the recommended rate
for this particular reaction, while in subsequent calcula-
tions, the rate might be changed by specific factors within
the quoted uncertainty. A decision regarding the ““impor-
tance” of the reaction-rate error under consideration can
then be based, for example, on the extent of isotopic abun-
dance variations predicted by these calculations. This proce-
dure would then be repeated for all other nuclear reactions
that are of potential interest for nova nucleosynthesis. At
this point, it has to be kept in mind that a single hydrody-
namic nova calculation typically takes several CPU hours
on present-day computers. Although the approach
described above is useful for a relatively small number of
reaction-rate changes (Jos¢ et al. 1999, 2001; Coc et al.
2000), it is clear that it is not suitable for purposes of the
present work because of limitations in computing time.

In the present work, a different approach is utilized. Our
calculations are performed with an extended reaction net-
work by using temperature-density-time profiles extracted
from recent hydrodynamic nova simulations. The advant-
age of this procedure is that a single network calculation
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lasts only a few minutes. This has allowed us to independ-
ently vary the rates of 175 reactions by different factors
within their uncertainties and to analyze the resulting abun-
dance variations of 142 isotopes in the mass range below
A = 40. The procedure is repeated for a number of tempera-
ture-density-time profiles obtained from recent hydrody-
namic nova simulations involving different white dwarf
masses and compositions. In total, we have performed
~7350 reaction network calculations. We would also like to
point out a disadvantage of this procedure. The reaction
network is not coupled directly to the hydrodynamics, and
consequently, we ignore the important effect of convection
on the final nova abundances. As pointed out previously
(see, for example, Lazareff et al. 1979; José & Hernanz
1998), convective mixing carries material from the hydro-
gen-burning region to the surface on short timescales. This
will cause an increase in ejected abundances of fragile nuclei
that would have been destroyed if they had not been carried
to higher and cooler layers. Therefore, our calculations are
unsuitable for defining absolute isotopic abundances result-
ing from nova nucleosynthesis. However, we claim that our
procedure is adequate for exploring the effects of reaction-
rate uncertainties on abundance changes in the hottest
hydrogen-burning zone, i.e., the region in which most of the
nucleosynthesis takes place. For a few selected cases, we
have compared the results of our one-zone (or ‘‘ coprocess-
ing”’) nucleosynthesis calculations with those obtained by
the hydrodynamic code coupled directly to the reaction net-
work. As is seen below, the results are in reasonable agree-
ment. Similar approaches! investigating the nucleosynthesis
in solar models (Bahcall et al. 1982) and in massive stars
(The et al. 1998; Hoffman, Woosley, & Weaver 2001) have
been reported previously.

Finally, we would like to address an issue that some of us
have confronted in the past. One might argue that it is of lit-
tle use to identify key reaction-rate errors since hydrody-
namic nova modeling carries significant uncertainties (§ 1).
However, it must be emphasized that the abundances
observed in nova ejecta or in presolar grains from novae
provide strong constraints for nova simulations because
nuclear reactions are very sensitive to temperature. Clearly,
such constraints are only useful for improving current
stellar models if key nuclear reaction rates are known with
sufficient accuracy.

3. STRATEGY
3.1. Nuclear Reaction Network

The nuclear reaction network used in the present work
follows the detailed evolution of 142 stable and proton-rich
isotopes from hydrogen to calcium. For the physical condi-
tions achieved by the nova models adopted in our work, this
network is appropriate for nucleosynthesis calculations.
The assumption is supported by the fact that overabundan-
ces of elements beyond calcium are not observed in nova
ejecta. The nuclei are linked by 1265 nuclear processes,

LA recent article by Hix et al. (2002) also addresses the effects of
reaction-rate uncertainties in nova nucleosynthesis. They assign random
errors to each reaction rate in their network by using Monte Carlo
techniques. Their procedure represents a complementary approach to a
similar problem.
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including weak interactions, reactions of type (p, ), (p, @),
(o, 7), etc., and the corresponding reverse reactions.

For the construction of the thermonuclear reaction-rate
library, we have used, with few exceptions, the most recent
compiled and evaluated results given in Angulo et al. (1999)
and Iliadis et al. (2001) for the mass ranges 4 = 1-20 and
20-40, respectively. For the reactions SB(p, ~7)°C,?
°C(av, p)'2N, 8B(cv, p)!1C, 1LC(p, v)12N, and 12N(p, 1)'30, we
used the reaction rates of Wiescher et al. (1989). For the
reaction 7F(p, v)!¥Ne, we adopted the results of Bardayan
et al. (2000), while for 7O(p, )!8F and "O(p, a)"*N, we
made use of the rates from J. Blackmon et al. (2002, in prep-
aration). The reaction rates for BF(p, ~)!°Ne and
BF(p, )30 were taken from Coc et al. (2000). For the reac-
tions *C(p, )N, *N(p, 7)"°0, '°O(p, 1)'"F, '*O(p, @) "N,
OF(p, 7)*Ne, PNe(p, 7)*Na, O(a, 7)'""Ne, and
140(a, p)!F, we still employ the rates from Caughlan &
Fowler (1988), since changes in recent updates are small
(<30%). Our network also includes all 3-delayed® proton
and a-particle decays in the mass range of interest. All par-
tial half-lives for 5-decays and [-delayed decays have been
adopted from the recent NUBASE evaluation (Audi et al.
1997). The ground and isomeric state of 2°Al have been
treated as separate nuclei (Ward & Fowler 1980), and the
communication between those states through thermal exci-
tations involving higher lying excited 2°Al levels has explic-
itly been taken into account. The required ~-ray transition
probabilities have been adopted from Runkle, Champagne,
& Engel (2001). The library used here for nucleosynthesis
calculations for the mass range 4 < 40 is, in our opinion,
the most recent and consistent set of thermonuclear reaction
rates available at present.

3.2. Temperature-Density Evolution and Initial Composition

In addition to the information described above, our one-
zone reaction network calculations require assumptions
regarding the evolution of temperature and density and the
initial envelope composition.

In the present work, we have used temperature-density-
time profiles of the hottest hydrogen-burning zone,
obtained from recently published hydrodynamic nova simu-
lations. Properties of these evolutionary nova models are
summarized in Table 1 and are described in detail elsewhere
(Politano et al. 1995; José et al. 1999; S. Starrfield et al.
2002, in preparation). Stellar evolution theory predicts that
the masses of CO white dwarfs are smaller than ~1.1 M,
while the masses of ONe white dwarfs are larger. Therefore,
we have considered several models of CO and ONe novae
with white dwarf masses of 0.8-1.0 and 1.15-1.35 M,
respectively. The corresponding temperature-density-time
profiles are displayed in Figure 1. Note that ONe nova

2 The astrophysical S-factor for this reaction has been estimated recently
by measuring the proton transfer $B(d, n)°C (Beaumel et al. 2001). The new
reaction-rate estimate is smaller by a factor of 4 compared to the results of
Wiescher et al. (1989), which are used in the present work. This difference is
unimportant for nova nucleosynthesis (see § 5).

3 Consider, for example, the positron decay of 2S. Previous network cal-
culations included only the link 2°S — 2P, which represents the 3-decay to
the 2P ground state. However, the nucleus %S also 3-decays with about
equal probability to excited 2°P states that are unbound. These levels subse-
quently decay via proton emission, leading to the final nucleus 28Si. Clearly,
the 3-decay S — 2P and the 5-delayed proton decay S — 28Si compete
with each other and have to be treated as separate links in the network.
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TABLE 1
PROPERTIES OF RECENT EVOLUTIONARY NOVA MODELS?*

MODEL

PROPERTY Pl P2 N JCH 1 JCH2 JH1 JH2
WD mass (M) ..cccvenennn 1.25 1.35 1.35 1.15 1.25 0.8 1.0
WD composition............. ONe ONe ONe ONe ONe CO CcO
Mixing (%)® 50 50 50 50 50 25 50
Toeak (10°K) oo 290 356 418 231 251 145 170
Lpeak (104 L) oo 4.3 16.3 39 26 46 3.5 23
Miee (1075 M) o, 3.2 1.5 3.8 3.2 22 9.7 3.9
Mo (1010 01, 16 16 1.6 2.0 2.0 2.0 2.0
Mg (1075 Mo) oo 0.0 0.62 2.2 2.6 1.8 7.0 2.3

a Models labeled “P,” “S,” “JCH,” and “JH” are adopted from Politano et al. 1995, S.
Starrfield et al. 2002 (in preparation), José et al. 1999, and José & Hernanz 1998, respectively.

b This is the percentage of mixing assumed between solar accreted matter and white dwarf
core material. The initial envelope composition is given in Table 2.

model S1 of S. Starrfield et al. (2002, in preparation) was
calculated with the same thermonuclear reaction-rate
library as used in the present work, while the nova models
of Politano et al. (1995) and José et al. (1999) were calcu-
lated with previous reaction-rate libraries.

Our network calculations, for a specific temperature-den-
sity-time profile, have been performed with the same initial
isotopic composition as was used in the corresponding
hydrodynamic nova simulation (Table 1). Initial isotopic
abundances (in mass fractions) for the nova models consid-
ered here are listed in Table 2 and are also displayed in
Figure 2. We would like to point out that the initial abun-
dances employed in the ONe nova models of Politano et al.
(1995) and S. Starrfield et al. (2002, in preparation) differ
significantly from those of Jos¢ et al. (1999). Therefore, we
are also studying the effects of different initial compositions
on the final abundance changes.

10

10

10

Density (g/cm?)

10

10 L

0.1
Temperature (GK)

FiG. |.—Temperature-density profiles for the hottest hydrogen-burning
zone of CO novae (dashed lines) and ONe novae (solid lines). The nuclear-
burning conditions evolve in time from larger to smaller densities. The
profiles have been adopted from recently published hydrodynamic nova
simulations and are described in more detail in Table 1. The very small
ripples visible in some profiles near peak temperature originate from
numerical instabilities that are not important for present considerations.

3.3. Reaction-Rate Errors and Reaction-Rate Variations

The investigation of reaction-rate sensitivities in nova
nucleosynthesis requires the variation of reaction rates
within their respective uncertainties. Therefore, quantitative
estimates of reaction-rate errors are needed. For a subset of
the reactions considered here, we list in Table 3 the reaction-
rate errors adopted in the present work. For most reaction
rates involving stable or long-lived target nuclei, the errors
were taken from either Angulo et al. (1999) or from Iliadis
et al. (2001). For 170 + p, we use the errors of J. Blackmon
et al. (2002, in preparation), since new experimental results
have become available. The reader should realize that it is
frequently difficult to assign errors to reaction rates. This
situation arises, for example, if Hauser-Feshbach theory is
used to calculate a reaction rate, or if a reaction involves a
short-lived target nucleus. In the former case,* we have gen-
erally assumed that reaction-rate errors amount to a factor
of 100 up and down. The same assumption has been made
in the latter case as well, with a few important exceptions.
The reaction 3B(p, 7)°C has not been measured directly, but
the corresponding reaction rates can be estimated by using
results of a recent proton-transfer reaction study (Beaumel
et al. 2001). In this case, we assumed a conservative reac-
tion-rate error of a factor of 10. For the ’N(p, 7)'*O reac-
tion rates, we adopted the errors of Angulo et al. (1999),
while for 8F(p, v)1°Ne and ¥F(p, )!°0, we used the errors
of Coc et al. (2000). Bardayan et al. (2000) report an error of
only 15% for the "F(p, )!®Ne reaction rates at nova tem-
peratures. However, it must be emphasized that the proton
capture reaction on !’F has not been measured. In our opin-
ion, an error of a factor of 10 is a more realistic estimate.
Finally, Iliadis et al. (1999) report reaction-rate errors of a
factor of 2 for the proton captures on 27Si, 3!S, 3Ar, and
Ca. In the present work, we adopted a more conservative
error of a factor of 10. In some cases, reaction-rate uncer-
tainties are not constant but depend on stellar temperature
(for example, see Figs. 2-4 in Iliadis et al. 2001). If a reac-
tion-rate error varied significantly with temperature, for the

4 The reactions of interest here involve light target nuclei (4 < 40) and
have small Q-values (Q < 10 MeV). Therefore, we expect Hauser-Feshbach
reaction rates to provide results in excess of the usually quoted “ factor of 2
reliability ”” (Hoffman et al. 1999; Rauscher & Thielemann 2000). This point
has been discussed in more detail by Iliadis et al. (2001).
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TABLE 2
INITIAL ENVELOPE COMPOSITION (MASS FRACTIONS) OF RECENT NOVA
SIMULATIONS
MoDEL?
NUCLEUS P1,P2,S1®  JCH1,JCH2¢ JH 14 JH2¢
H.... 3.7E-01 3.5E-01 5.3E-01 3.5E-01
0.0E+4-00 24E-05 3.6E-05 24E-05
5.8E—06 1.5E-05 2.2E-05 1.5E-05
1.3E-01 1.4E—-01 2.1E-01 1.4E—-01
0.0E+00 3.2E-10 4.9E-10 3.3E-10
0.0E+4-00 4.7E-09 7.0E—09 4.7E-09
0.0E+00 8.3E—11 1.2E—-10 8.3E—11
0.0E+4-00 5.3E-10 8.0E—10 S4E-10
0.0E+00 2.4E-09 3.6E—09 2.4E-09
9.4E—04 6.1E-03 1.3E-01 2.5E-01
1.2E-05 1.8E—05 2.7E-05 1.8E-05
2.3E-06 5.5E—-04 8.3E—-04 5.6E—04
9.1E-07 2.2E—06 3.3E-06 2.2E-06
1.5E-01 2.6E—01 1.3E-01 2.5E-01
8.5E—07 1.9E—06 2.9E—-06 2.0E-06
4.9E—06 1.1E-05 1.6E—05 1.1E-05
1.1E-07 2.0E-07 3.0E-07 2.0E-07
2.5E-01 1.6E—01 1.2E-03 8.1E—04
9.0E—07 3.0E-03 3.1E-06 2.1E-06
2.8E—05 2.2E-03 2.6E—03 5.1E—-03
9.2E—06 3.2E-02 2.5E-05 1.7E-05
1.0E-01 2.8E—02 3.9E-04 2.6E—04
1.9E-05 7.9E-03 S.1E-05 3.4E-05
2.2E-05 5.0E-03 5.8E—05 3.9E-05
1.6E—05 54E-03 4.3E-05 2.9E-05
1.8E—04 3.3E-04 4.9E—-04 3.3E-04
9.5E—06 1.7E—05 2.6E—05 1.7E—05
6.5E—06 1.2E-05 1.8E—05 1.2E-05
2.3E-06 1.1E-06 6.1E—06 4.1E-06
1.1IE-04 2.0E-04 3.0E-04 2.0E-04
9.0E—07 4.5E-07 2.4E—06 1.6E—06
5.2E—06 2.6E—06 1.4E-05 9.3E-06
9.8E—07 4.9E-07 1.9E—06 1.3E—06
3.3E-07 1.7E-07 6.4E—07 4.3E-07
1.9E-05 3.9E-05 5.8E—05 3.9E-05
3.8E—06 1.9E—06 1.2E-05 7.7E—06
9.6E—07 4.8E—-07 2.6E—06 1.7E—06
1.7E-05 3.0E-05 4.5E—05 3.0E—-05

a Model properties are summarized in Table 1.

b From Politano et al. 1995; values are derived from carbon-burning
nucleosynthesis studies of Arnett & Truran 1969, assuming 50% mixing of
solar accreted matter with white dwarf core material.

¢ From José et al. 1999; values are derived from carbon-burning nucle-
osynthesis studies of Ritossa, Garcia-Berro, & Iben 1996, assuming 50%
mixing of solar accreted matter with white dwarf core material.

dFrom Jos¢ & Hernanz 1998; values are obtained assuming 25%
mixing of solar accreted matter with white dwarf core material.

¢ From Jos¢ & Hernanz 1998; values are obtained assuming 50%
mixing of solar accreted matter with white dwarf core material.

sake of simplicity we adopted in our network calculations
the maximum reaction-rate error in the temperature range
of interest to nova nucleosynthesis (7 = 0.1-0.4 GK). This
assumption is conservative, since it can overestimate some
of our predicted abundance changes.

Among the 1265 nuclear processes included in our net-
work, we varied the rates of 175 selected reactions. Those
included all exothermic (p, ) and (p, «) reactions and the
most important («, ) and («, p) reactions, on stable and
proton-rich target nuclei with masses 4 < 40. Only a subset
of 62 reactions is listed in Table 3. The rates of those 175
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reactions, together with the corresponding reverse reaction
rates, have been varied individually by factors of 100, 10, 2,
0.5, 0.1, and 0.01 in successive reaction network calcula-
tions. Since we have explored nova nucleosynthesis for
seven different temperature-density-time profiles (Table 1),
a total of (175)(6)(7) = 7350 network calculations were
performed.

4. RESULTS

For each network calculation, the final abundances of
142 isotopes were analyzed. Short-lived isotopes (e.g., 1*N,
140, 150, and !"F) present at the end of a network calcula-
tion were assumed to decay to their stable daughter nuclei.

In Table 4 we list the final isotopic abundances (in mass
fractions) for each temperature-density-time profile consid-
ered in the present work (Table 1). These results have been
obtained by using recommended rates for all reactions in
our network, as discussed in § 3.1. We emphasize again that,
for reasons given in § 2, the abundances presented in Table 4
should not be directly compared with abundances observed
in nova ejecta or to those obtained from a full hydrody-
namic calculation. Table 4 is mainly useful for the purpose
of comparing final abundances from different one-zone
nucleosynthesis calculations.

The results of our reaction-rate variation procedure are
presented in Tables 5-11. For each temperature-density-
time profile, we list in column (1) the reaction whose rate
has been varied, in column (2) the isotope i whose abun-
dance changed because of the rate variation, and in columns
(3)-(8) the factor change X;/X; e in final isotopic abun-
dance for rate variations by factors of 100, 10, 2, 0.5, 0.1,
and 0.01. Specifically, X; . refers to the final isotopic abun-
dance of isotope i obtained from a network calculation
involving recommended rates only; X; refers to the final iso-
topic abundance of isotope i obtained from a network calcu-
lation in which the rate of a single reaction (listed in col. [1])
has been multiplied by a specific factor. Only significant
final abundance changes are presented. Results have been
listed only if (1) a final abundance changed by at least 10%
compared to the reference calculation performed with our
recommended reaction-rate library (§ 3.1) and (2) the reac-
tion rate was varied by a factor of less than (or close to) the
assigned reaction-rate error (Table 3). In Figure 3 we dis-
play the results of reaction-rate variations for only a few
selected cases. Our results are discussed in § 5.

5. DISCUSSION

We start the discussion with two necessary (but not suffi-
cient) conditions that have to be fulfilled for the experimen-
tal nuclear physicist in order to perform a meaningful new
measurement of a particular nuclear reaction. First, the
nuclear reaction must have a significant influence on a stellar
model property that can be related to an astronomical observ-
able. Second, the nuclear reaction rate must have an error
giving rise to a significant uncertainty of a stellar model prop-
erty. The observable could be an isotopic abundance, a
luminosity, or a mass ejection velocity. In this section we do
not attempt to discuss all the results listed in Tables 5-11
but concentrate on those cases for which the two conditions
outlined above apply.

As a first example, we consider the 3K(p, 7)*°Ca reaction.
According to Table 3, we assign a factor of 100 uncertainty
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JCH 2. (¢) COmodel JH 1. (d) CO model JH 2. For more details, see Table 2.

results are listed in Tables 511, since future observations of
nova ejecta could perhaps reveal the presence of elements

such as potassium.

to the reaction rate. Increasing the recommended rate for
this reaction by a factor of 100 decreases the final 3°K abun-
dance in all of our ONe nova network calculations by more

than an order of magnitude. However, potassium has not

As another example, consider the 2°Ne(p, v)*'Na reac-
tion. The error for this rate is about 70% (Table 3). Rate
variations by factors of 2 and 0.5 produce final abun-
dance changes for any isotope of less than a factor of 2.

yet been observed in nova ejecta. In this case, the first condi-

tion is not fulfilled, and therefore, calculated potassium
abundances are unimportant for testing current nova mod-

These calculated abundance changes are close to present

els. We do not discuss such cases further. Nevertheless, the



111

EFFECTS OF REACTION-RATE VARIATIONS

1, 2002

No.

Mass number A

X U0no04) SSopy
"

o

40

35

30

25

20

15

10

Q@
0
A
@ A, w 4
g NI, 0,
o - A
E T Q000000000000
> AR
° ARSI, &
A
SOOI ¢
AR
AR
I o
- H..I...............“““““““““““““““““.. ]
"
o (TN
T v
Wy o
A Vg
o Ioo 0
o — 0
f%

Mass number A

X U01204) SSOpY
"

o

40

35

30

25

20

15

10

CO model

H

JH?

|
J
46
i

)
Y
)
0

0
o
..“.“.“
%

)
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
0

0
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)
)

)
)
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)
)
)

)
)
)
.
)
)
)
)
.
)
)
)
)
.

0
)
)
)
)
)
)
)
)
)
)
)
)
)
Y

)
)
)
)
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
0

)
)
)
)
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)
)
)
)
.
)
)
)
)
.
)
)
)
)
.

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
Y

)
)
)
)
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
Y

)
)
)
)
Y
)
)
)
\
Y
Y
)
Y
)
)

)
)
)
)
)
)
)
0
\
\
)
)
)
\

\

)
)
)
)
Y
)
)
Y
)
Y
)
Y
)
\

W

)
)
)
)
)
)
)
)
)
)
)
)

0
W

)

)
)
)
)
0
)
0
)
0
.
Y
)
)

\
J

)

)
)
)
)
)
)
)
)
)
)
)
)
Y

V
)

)
)
)
)
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)
)
)
)
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)
)
)
)
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

"
)
)
)
.
)
)
)
)
.
)
)
)
)
.

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)
)
)
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)
)
)

)
)
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)
)

)
Y
)
)
)
)
Y
)
)
)
)
Y

)
)
)
)
)
)
)
)
)
)
)
)

"
)
)
)
)
.
)
)
)
)
.

)

"
)
)
)
)
0
y

““
““
N

4
.
)
y

Y
)
W)
y

F1G. 2.—Continued

It is important to point out that the reaction-rate varia-
tions performed in the present work have only a minor influ-

uncertainties of observed abundances in nova ejecta. In

this case, the second condition is not fulfilled, and conse-

ence on the amount of hydrogen consumed, the amount of
helium produced, and the total thermonuclear energy

released. In the following, we focus on final isotopic abun-

quently, it is unlikely that a new and improved measure-

ment of this reaction will provide additional constraints
for current nova models. Again, we do not discuss such

dance changes of those elements that are considered the

cases further but list the results in Tables 5-11, since

most important for nova nucleosynthesis (’Li, "Be, C, N, O,
I8F Ne, Na, Mg, Al Si, S, Cl, and Ar; see § 1). The varia-

abundances observed in nova ejecta are likely to become

more precise in the future.
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TABLE 3
UNCERTAINTIES OF SELECTED REACTION RATES AT NOVA TEMPERATURES?

Reaction Factor (Up/Down) Reaction Factor (Up/Down)
3He(a, 7)Be............ 1.20/0.83 26Mg(p, 7)*’Al............. 4.0/0.70
"Be(p, 7)*B..cecev 1.12/0.89 BAIP, 7)*Si e 100/0.01
"Be(a, )HC ... 1.40/0.71 20A18(p, 7)?"Siveeeee 10/0.80
8B(p, 1)°C .... 10/0.1 A1 (p, )?7Si¢. 100/0.01

1.12/0.89 2TAI(p, v)*Si..... 1.25/0.80
1.20/0.83 2IAl(p, )*Mg .. 10/10-3
1.50/0.67 21Si(p, V)P 10/0.1
1.30/0.77 BSi(p, 7) PP 1.70/0.58
1.50/0.67 i(p, 10/0.1
1.40/0.71 R 10/0.1
100/0.01 PP, v)OS e 100/0.01
160(p, )VF...... 1.40/0.71 30P(p, v)31S ¢ 100/0.01
170(p, 7)18F P ... 10/0.1 31P(p,7)*%S..... 1.25/0.80
70(p, a)¥N®b......... 10/0.1 3IP(p, a)?8Si 7.0/0.30
180(p, v)PF............. 1.10/0.91 318(p, )32Cl 10/0.1
F(p,v)!8Ne°©......... 10/0.1 328(p, v)*3Cl. 1.40/0.71
8E(p, v)!Ned......... 15/0.066 BS(p, y)*Cle.... 100/0.01
8F(p, a)1509.......... 30/0.033 HS(p, y)P3Cle ... 100/0.01
PE(@p, )0 ............ 1.40/0.71 BCl(p, y)*AreC............ 100/0.01
YNe(p,7)*Na ........ 100/0.01 HCI(p, y)PPArec............ 100/0.01
20Ne(p, 7)*'Na......... 1.70/0.58 B3Cl(p, 7)3CAr ... 1.73/0.58
2INe(p, 7)*Na......... 1.25/0.80 10/10-7
22Ne(p,7)®Na ........ 1000/0.30 10/0.1
2INa(p, 7)**Mg........ 100/0.01 1.15/0.87
2Na(p, 7)*Mg........ 2.8/0.35 STAr(p, v)B¥K ©... 100/0.01
BNa(p, 7)**Mg........ 10/0.01 BAr(p, 7)PKe... 100/0.01
BNa(p, ®)*Ne........ 1.40/0.71 K (p, y)¥Cac .. 100/0.01
BMg(p, v)*Al......... 100/0.01 BK(p,y)¥Ca® 100/0.01
2Mg(p, 7)PAl......... 1.15/0.87 K (p,y)¥Cac ............ 100/0.01
BMg(p, v)*AlE ....... 1.70/0.58 ¥Ca(p, 7)*Sc.... 10/0.1
LMg(p, 7)2AI™ ..... 1.70/0.58 OCa(p, V)MSc.virrnee. 1.35/0.74

a Reaction-rate errors are extracted from Angulo et al. 1999 and Iliadis et al. 2001, unless noted
otherwise; for reaction-rate errors that vary significantly with temperature, we list the maximum
reaction-rate error in the temperature range of relevance to nova nucleosynthesis (77 = 0.1-0.4 GK).

b From J. Blackmon et al. 2002, in preparation.

¢ Bardayan et al. 2000 quote an uncertainty of only 15% (see text).

d From Coc et al. 2000.

¢ Reaction rates are adopted from Hauser-Feshbach calculations; assigned uncertainty is a factor of

100 up and down (see text).

tions of reaction rates within their assigned error in the tem-
perature range 7" = 0.1-0.4 GK (§ 3.3, Table 3) are referred
to simply as “reaction-rate variations.” When using the
expression ‘“abundance,” we mean more specifically the
final isotopic abundance obtained at the end of a network
calculation. Furthermore, we have regarded abundance
changes as significant only if they amount to at least a factor
of 2. The mass regions 4 < 20 and A > 20 are discussed sep-
arately in the next subsections.

5.1. Mass Region A < 20
5.1.1. Isotopes"Liand "Be

In explosive hydrogen burning, the isotope ’Li is pro-
duced by the decay of "Be.

The isotopic abundance of "Be depends only weakly on
reaction-rate variations in CO nova models. Abundance
changes amount to less than a factor of 2 and therefore can-
not be regarded as significant.

In ONe nova models P1 and P2, the abundance of "Be is
also insensitive to reaction-rate variations. For models JCH
1 and JCH 2, the "Be abundance changes by less than a fac-
tor of 2 as a result of varying the "Be(p, «y) reaction rates

within adopted errors® (Table 3). Only in model S1, which
achieves the highest peak temperature, does the "Be abun-
dance change by a factor of <20 as a result of 8B(p, ) reac-
tion-rate variations. However, we emphasize that "Be is a
very fragile nucleus that is easily destroyed at high stellar
temperatures. In this particular case, convection plays a cru-
cial role, as pointed out by Hernanz et al. (1996). Conse-
quently, the "Be abundance could be far less sensitive to
8B(p, «y) reaction-rate variations in a hydrodynamic nova
simulation. Such studies are underway, and the results will
be reported in a forthcoming publication (S. Starrfield et al.
2002, in preparation).

We conclude that for nova models, with the possible
exception of ONe nova model S1, estimates of Galactic 7Li
production and of the 478 keV ~-ray line intensity from "Be
decay are insensitive to present reaction-rate uncertainties.

5 Abundance changes of "Be as a result of "Be(p, ) reaction-rate varia-
tions, as listed in Tables 8 and 9, are rather large. Note that the listed values
correspond to a factor of 2 variation in the reaction rates. However, the
adopted "Be(p, ) reaction-rate error amounts only to 12% (Table 3), yield-
ing a "Be abundance change of less than a factor of 2.
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TABLE 4
FINAL ABUNDANCES (MASS FRACTIONS) FROM PRESENT ONE-ZONE NOVA NUCLEOSYNTHESIS
CALCULATIONS?
MoDbELP
NUCLEUS P1 P2 S1 JCH 1 JCH2 JH1 JH2
L3 S 2.6E—01 2.0E-01 1.5E-01 1.6E—01 1.5E—01 4.6E—01 2.4E-01
0.0E+00 0.0E+00 0.0E+00 0.0E4-00 0.0E+00 3.6E-07 4.5E—-07
2.1E-01 2.2E-01 2.2E-01 3.6E—-01 3.6E-01 2.6E—01 2.2E-01
6.0E—08 7.2E-07 2.3E-07 1.9E—10 1.8E—08 8.7E—09 S.9E-07
2.1E-02 5.1E-02 4.3E-02 3.5E-02 6.2E—02 8.4E—-03 2.6E—02
2.3E-02 2.7E—-02 1.9E—02 6.6E—02 6.9E—02 9.7E-03 6.9E—02
6.1E—02 2.2E-02 2.2E-02 1.2E—01 8.1E-02 1.5E-01 2.2E-01
3.2E-06 8.2E—03 4.2E-02 2.5E-05 6.5E—03 8.1E—04 3.3E-03
1.9E—04 1.5E—04 1.2E-04 3.4E-03 4.2E-04 1.0E-01 1.9E—01
2.8E—02 1.7E-02 2.6E—-04 1.7E—03 2.0E-03 3.3E-03 2.0E—-02
9.2E—07 7.1E-06 1.1E-08 1.7E-07 1.4E-07 4.4E-10 1.6E—09
1.7E-05 4.3E-06 1.1E-07 2.1E—06 2.0E—06 3.2E-06 1.8E—05
1.8E—07 1.1E-07 1.0E-06 7.5E—-09 1.2E—08 1.1E-08 3.3E-08
2.0E-01 1.0E—01 4.2E-02 1.6E—01 1.5E—-01 1.3E-03 9.8E—04
3.7E-06 7.7E—06 5.9E—-06 4.2E—-06 9.2E—06 2.3E-08 2.5E—08
9.2E—09 4.0E-09 1.9E—10 2.8E—04 5.4E—-06 2.5E-03 4.8E-03
1.1IE-04 4.9E-05 2.1E-05 1.1E-04 9.6E—05 1.3E-06 6.4E—-07
2.0E-04 5.7E-04 9.8E—04 1.6E—04 1.5E-04 1.4E-05 2.1E-05
1.0E-05 2.8E—05 4.5E—05 8.1E—06 6.0E—06 1.3E-06 1.2E—06
BMg........ 4.1E-03 9.1E-03 6.3E—03 8.0E—04 6.8E—04 44E-04 2.5E—-04
2.2E-04 4.3E-04 2.8E—04 3.1E-05 2.7E-05 4.7E-05 1.8E—05
1.5E-03 3.7E-03 2.5E-03 9.9E—-05 1.1IE-04 1.7E-05 3.1E-05
8.4E—-03 1.5E—02 9.9E-03 6.5E—04 6.1E—04 5.8E—-05 9.2E—05
7.0E-02 8.0E—02 5.6E—02 6.9E—02 5.9E-02 5.1E-04 3.9E-04
1.4E-03 2.7E-03 2.1E-03 8.7E—04 7.8E—04 2.5E-05 1.6E—05
2.2E-02 2.6E—02 2.4E-02 1.1E-02 1.5E-02 1.8E—05 1.3E-05
2.2E-02 2.4E-02 2.6E-02 5.2E-03 9.6E—03 6.1E—06 4.0E—06
7.2E—-02 1.7E-01 2.1E-01 4.2E-03 3.0E-02 3.0E-04 2.0E-04
2.5E-04 3.2E-03 6.4E—03 9.3E-07 2.7E-05 2.4E-06 1.6E—06
1.8E—04 4.2E-03 9.4E-03 1.3E—06 1.6E—05 1.4E-05 9.2E—06
1.3E-04 9.7E-03 3.0E-02 2.2E—06 1.2E-05 1.9E—06 1.3E—06
1.1E-07 1.2E-05 8.2E—06 1.5E-07 9.5E—08 6.4E—07 4.3E-07
7.9E—06 1.6E—03 6.2E—03 1.2E-05 2.0E—06 5.8E—05 3.9E-05
2.0E-05 5.5E-03 3.3E-02 2.6E—05 3.1E-05 5.2E—-08 2.1E-07
1.1IE-05 2.1E-03 2.6E—02 3.4E-06 9.3E-06 1.2E-05 7.7E—06
3.2E-06 2.0E-04 7.3E-03 6.6E—07 1.2E—06 2.6E—06 1.7E—06
1.7E—05 5.7E—05 5.0E-03 3.0E-05 3.0E-05 4.5E-05 3.0E-05
S54E-10 2.7E—08 3.7E-06 4.2E-09 4.2E-09 7.4E-09 4.9E—09
2.2E-11 8.6E—09 1.6E—06 0.0E+00 1.4E-10 0.0E+00 0.0E+00

a Results are obtained by using the recommended reaction rates discussed in § 3.1.

b Model properties are summarized in Table 1.

5.1.2. Carbon Isotopes

Models of ONe novae assume small initial '2C abun-
dances, while the opposite is the case for CO nova mod-
els (Table 2). Therefore, we expect the final carbon
isotopic abundances in ONe and CO nova models to
depend on the rates of different reactions. This is indeed
the case, as can be seen from Tables 5-11. The 2C and
I3C isotopic abundances show a dependence on reaction-
rate variations of ’N(p, 7), O(p, ), "O(p, «), and
I7F(p, ) in ONe nova models and of 2C(p, 7), 13C(p, 7),
and “N(p, v) in CO nova models. However, the abun-
dances change by less than 50% in all nova models
considered in the present work.

Present reaction-rate estimates seem to be reliable for pre-
dicting carbon abundances in nova ejecta and 2C/13C iso-
topic abundance ratios of presolar grains originating from
novae.

5.1.3. Nitrogen Isotopes

Abundances of the isotopes 4N and !N show a depend-
ence on reaction-rate variations of 3N(p, v), “N(p, 7),
I5N(p, @), 170(p, 7), "O(p, @), "F(p, ), and ¥F(p, o). The
relative importance of these reactions depends on the partic-
ular nova model considered. However, as was the case for
carbon, changes in nitrogen abundances amount to less
than 50% in all models.

Therefore, current reaction rates are sufficiently reliable
for predictions of nitrogen abundances in nova ejecta and of
4N/IPN abundance ratios of presolar grains originating
from novae.

5.1.4. Oxygen Isotopes

For CO nova models, oxygen abundances show a weak
dependence on variations in 1°O(p, v) and 7O(p, v) reaction



TABLE 5

FINAL ABUNDANCE CHANGES X[/X[_,rcc RESULTING FROM REACTION-RATE VARIATIONS FOR ONe
Nova MopEiL P1 (Tpeak = 0.290 GK)

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
He(a, 7) B 7Be . . 043 13
"Be(p, 7)°B oo "Be 0.10 4.0
8B(D, 1)°C covvvveeeeeeen. "Be S 067 092 1.1 1.1
BN(p, )0 o 13C o 087 11
4N(p, 7)!150 1o, 15N .16 0.61
I5N(p, )60 oo 160 o o 13 0.89
5N(p, )12C oo, 15N o . 049 19
160 0.89 1.3
160(p, 1) F oo 160 o 035 21 o
170(p, 1) 8F oo 12¢ o 12 1.0 0.95 0.95
e . 1.2 1.0 0.96 0.96
ISN 1.5 1.1 0.90 0.88
170 . 0.54 0.89 1.0 1.1
I8 ... 5.2 1.8 0.53 0.11
180 5.3 1.8 0.53 0.11
3 S 53 1.8 0.53 0.11
170(p, ) 4N............ 12C o 1.2 1.0 0.90 0.81
13C 1.2 1.0 0.91 0.83
14N 1.2 1.1 0.89 0.74
170 o 0.029 0.57 1.4 2.0
I8 . 0.041 0.59 1.4 2.0
180 S 0.042 0.59 1.4 2.0
19p . 0.067 0.61 1.3 1.9
1R (p, v)!8Ne........... 12C o 1.2 1.0 0.90 0.86
13C 1.3 1.1 0.91 0.87
160 S 1.4 1.1 0.95 0.89
ISN . 0.88 0.94 1.0 1.0
170 S 0.057 0.71 1.2 1.4
I8 S 0.056 0.71 1.2 1.4
180 S 0.059 0.71 1.2 1.4
R . 0.056 0.72 1.2 1.4
18O(p, @)!5N ... 180 . 053 17
19p 0.61 1.7
18E(p, v)!9Ne........... 160 o 2.1 12 0.95 0.89
R .. 32 1.2 0.89 0.78 .
BE(p, )50 ..., 15N 1.0 094 094 1.1 1.3 3.6
160 0.89 0.89 0.95 1.2 2.1 12
BF 0.021 0.17 0.59 1.7 6.5 41
180 0.020 0.16 0.60 1.7 6.3 41
OF 0.013 0.12 0.54 1.8 8.3 56
20Ne(p,7)*'Na ........ 20Ne s .. 0.85 1.1
2INe . . 1.7 0.54
22Na . . 1.7 0.59
22Ne S ... 1.6 0.57
23Na S e 1.7 0.55
2Mg . 1T 0.57
Mg S 17 0.56
20A] . . 1.7 0.55
26Mg o . 1.6 0.55
27A1 .. ... 1.7 0.56
288 . . 1.4 0.69
28i . S 1.4 0.71
308 1.1 0.86
2INe(p, 7)*Na......... 2INe . ... 0.46 2.3 ... ...
2INa(p, 7)2Mg........ 2Na 0.83 088 1.0 1.1 1.3 1.5
22Ne 0.79 0.85 0.95 1.1 1.2 1.5
23Na 0.95 0.95 0.95 1.1 1.3 2.1
2Mg 0.96 0.96 0.98 1.1 1.4 2.2
22Ne(p, 7)*Na ........ 22Ne 0.99 1.0 1.0 1.3 460
2Na(p, 7)>Mg........ 2Na o 065 17
22Ne o o 0.62 1.6

114



TABLE 5—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
BNa(p, 7)*Mg........ 20Ne 0.75 0.90 1.0 1.2 1.2
2INe 0.76 0.92 1.1 1.2 1.2
22Na 0.78 0.91 1.1 1.3 1.3
22Ne 0.75 0.90 1.1 1.2 1.2
2Na 0.24 0.75 1.3 1.6 1.7
2Mg 2.5 1.5 0.64 0.16 0.018
Mg 2.1 1.4 0.63 0.17 0.027
20A] 2.1 1.4 0.63 0.17 0.029
20Mg 2.1 1.4 0.64 0.17 0.028
21A1 2.0 1.4 0.64 0.19 0.049
288 1.7 1.3 0.77 0.47 0.37
28i 1.5 1.1 0.86 0.63 0.56
308 1.1 1.0 0.91 0.86 0.86
BNa(p, ®)*Ne......... 20Ne 1.0 0.90
22Ne 1.1 0.90
2Na 0.65 1.5
2Mg 0.64 1.5
BMg 0.63 14
20A]1 0.63 1.4
260Mg 0.64 14
1Al 0.64 1.4
288 0.77 1.2
2Mg(p, 7)*Al......... 20Ne 0.75 0.90 0.95 1.0 1.0 1.0
2INe 0.78 0.92 1.0 1.0 1.0 1.0
22Na 0.80 0.91 1.0 1.1 1.1 1.1
22Ne 0.77 0.90 0.99 1.0 1.0 1.0
2Na 0.75 0.90 1.0 1.0 1.1 1.1
XMg 0.76 0.92 1.0 1.0 1.0 1.0
BMg 0.61 0.85 0.98 1.0 1.0 1.0
20A] 0.62 0.87 0.93 1.0 1.0 1.0
26Mg 0.59 0.82 0.95 1.0 1.0 1.0
271A1 0.83 0.90 0.98 1.0 1.0 1.0
288 1.7 1.3 1.0 0.97 0.96 0.94
28i 1.9 1.4 1.1 1.0 0.93 0.93
305 1.5 1.2 1.0 0.95 0.95 0.95
3p 1.2 1.1 1.0 1.0 1.0 1.0
BMg(p, y)*Ale....... BMg 0.54 1.7
26A1 1.1 0.80
20Mg 0.55 1.6
2Mg(p, 7)*°AI™ ... 20Mg 1.8 0.55
20Mg(p, v)*’Al........ 20Mg 0.55 1.7
BAl(p, v)*Si... Mg 0.83 0.98 1.0 1.0 1.0 1.0
Mg 0.86 0.95 1.0 1.0 1.0 1.0
20A1 0.73 0.93 1.0 1.0 1.0 1.0
21A1 0.71 0.88 0.98 1.0 1.0 1.0
20A1g(p, 1) Si.......... 20A] . 0.031 0.37 24 . .
20A1m(p, v)*Si......... Mg 0.13 0.50 0.86 1.1 1.3 1.3
27Si(p, 7)XP............. 28i 1.0 1.0 1.1 1.2
328 1.1 1.0 0.93 0.78
3S 1.2 1.1 0.92 0.72
S 1.2 1.1 0.89 0.67
3Cl 1.3 1.1 0.85 0.65
30AT 1.3 1.1 0.86 0.67
2Si(p, 7)PP...ee. 288 0.77 1.4
25 1.4 0.79
308 1.0 0.82
329 1.2 0.72
3S 1.3 0.68
S 1.3 0.67
3¢l 1.4 0.65
36AT 1.4 0.68
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TABLE 5—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01

BP(p, V)¥S e 33 1.3 1.2 1.0 1.0 1.0 1.0

A 1.3 1.2 1.0 0.94 0.94 0.94

3Cl1 1.4 1.2 1.0 0.92 0.92 0.92

36AT 1.4 1.2 1.0 0.97 0.95 0.94
2Si(p, 7)°P............. 28i 0.070 0.46 2.1 9.3

305 . 1.0 1.0 0.95 0.86 ...
2P, )9S 28i 0.66 0.86 1.0 1.0 1.0 1.0

308Si 0.55 0.68 0.91 1.0 1.0 1.0

3p 0.68 0.82 0.95 1.0 1.0 1.0

328 1.2 1.1 1.0 0.99 0.96 0.96

33 1.6 1.4 1.1 1.0 0.96 0.96

S 1.7 1.4 1.1 0.94 0.89 0.89

3Cl1 1.8 1.4 1.1 0.92 0.92 0.92

36AT 1.9 1.4 1.1 0.96 0.91 0.91

IAr 1.3 1.1 1.0 1.0 1.0 1.0

e 1.2 1.1 1.1 1.0 1.0 1.0
PP, YIS 308i 0.0095 0.11 0.55 1.7 38 5.0

3lp 1.2 1.1 1.1 0.86 0.40 0.10

329 1.2 1.2 1.1 0.82 0.33 0.081

33 1.4 1.3 1.2 0.80 0.31 0.080

e 1.3 1.3 1.2 0.78 0.29 0.078

3¢l 1.4 1.4 1.2 0.75 0.29 0.10

30AT 1.5 1.4 1.2 0.76 0.33 0.15

YTAr 1.2 1.1 1.1 0.95 0.80 0.75
3SIP(p, )88 ... 288 1.4 1.1 0.96

28i 1.5 1.1 0.93

3084 1.3 1.0 0.95

3lp 0.68 0.95 1.0

28 0.56 0.92 1.0

33 0.52 0.92 1.1

e 0.52 0.89 1.1

e 0.53 0.92 1.0

30AT 0.57 091 1.0

IAr 0.90 1.0 1.0
32S(p, v)33Cl........ 3S 2.0 0.52

4s 1.9 0.49

3Cl 1.9 0.50

30AT 1.9 0.53

YTAr 1.3 0.85

3¢l 1.2 1.0
BS(p, 7)Cl............. 3S 0.0014 0.088 0.60 1.4 2.0 2.1

B 1.7 1.7 1.3 0.67 0.20 0.056

3Cl 2.0 1.8 1.3 0.65 0.24 0.12

30AT 2.0 1.9 1.4 0.68 0.29 0.18

AT 1.4 1.3 1.1 0.90 0.80 0.75

Y1C1 1.2 1.2 1.1 1.0 0.91 0.91
HS(p, v)33Cl..... A 0.017 0.18 0.67 1.3 1.6 1.7

3Cl1 2.2 2.0 1.4 0.64 0.22 0.092

36AT 2.3 2.0 1.4 0.67 0.27 0.14

ITAr 1.4 1.3 1.1 0.90 0.70 0.65

e 1.2 1.2 1.1 1.0 0.91 0.88
BCl(p, y)*Ar.......... 33 0.34 0.80 1.0 1.0 1.0 1.0

S 1.2 1.1 1.0 1.0 1.0 1.0

3Cl 1.9 1.2 1.0 0.92 0.92 0.92

36AT 2.3 1.4 1.1 0.96 0.94 0.92

IAr 1.6 1.2 1.0 1.0 1.0 1.0

e 1.3 1.1 1.1 1.0 1.0 1.0
HCl(p, 7)PAr ... e 0.43 0.83 0.94 1.0 1.0 1.0

3Cl 1.6 1.2 1.0 1.0 0.92 0.92

30AT 2.0 1.3 1.1 0.97 0.94 0.94

AT 1.4 1.1 1.0 1.0 1.0 1.0
3Cl(p, y)*°Ar......... 30AT 1.8 0.54

AT 1.3 0.80

¢l 1.2 1.0
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TABLE 5—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
YTAr(p, 7)¥K........... ITAr 0.048 0.25 0.75 1.2 1.4 1.5
el 0.65 0.73 0.91 1.1 1.2 1.3
BAr 2.6 2.4 1.5 0.68 0.31 0.21
K 1.6 1.5 1.1 0.91 0.81 0.78
K (p,v)®Ca.......... IAr 0.65 0.95 1.0 1.0 1.0 1.0
e 0.89 1.0 1.0 1.0 1.0 1.0
BAr 1.6 1.2 1.1 1.0 1.0 1.0
K 1.3 1.0 1.0 1.0 1.0 1.0
BAr(p, )¥K........... BAr 0.79 0.85 0.91 1.1 1.2 1.2
K 1.7 1.5 1.3 0.75 0.50 0.44
BK(p,v)¥’Ca........... BAr 0.26 0.69 1.0 1.1 1.1 1.1
K 34 2.1 1.2 0.91 0.81 0.78
PK(p,y)*Ca........... K 0.041 0.34 0.84 1.1 1.2 1.2
40Ca 1.2 1.1 1.1 1.0 1.0 1.0

NotE.—See § 4 for an explanation of the quantities listed here.

rates, with abundance changes of less than a factor of 2.
However, 70O abundances are sensitive to the O(p, «)
reaction rate. Variations of the corresponding reaction rates
give rise to 170 abundance changes by factors of <30.

In ONe nova models P1, P2, and SI, variations in
8F(p, a) reaction rates change '°0O abundances by factors
of <50. Abundances of 7O are sensitive to reaction-rate
variations of "F(p, v) in models JCH 2, P1, P2, and SI,
resulting in abundance changes by factors of <500. In
models JCH 1, JCH 2, and P1, the abundance of 17O chan-
ges by factors of <170 as a result of varying the "O(p, )
reaction rates. The 17O abundance is also influenced by rate
variations of 17O(p, ) in models JCH 1 and JCH 2, and of
8F(p, «) in model S1, resulting in abundance changes by
factors of <6 and <15, respectively. Note that the final
abundance of 30 originates predominantly from the decay
of BF, and therefore, the abundance changes of both
isotopes will depend on the rates of the same reactions. The
isotope 18F is discussed below.

Clearly, the rates of several reactions have to be improved
in order to predict both more reliable oxygen abundances in
nova ejecta and '°0/!70 ratios of presolar grains originat-
ing from novae.

5.1.5. Isotope 18F

For CO nova models, !8F abundances are sensitive to
BRE(p, ), 17O(p, a), and 7O(p, ) reaction-rate variations,
yielding abundance changes by factors of <100.

For all ONe nova models considered here, !3F abund-
ances depend sensitively on variations in 7O(p, v) and
8F(p, a) reaction rates, with abundance changes by factors
of <500. In models JCH 1, JCH 2, and P1, variations in
70(p, «) reaction rates change '8F abundances by factors
of <110. The "F(p, v) reaction also influences the 8F
abundance in models JCH 2, P1, P2, and S1, resulting in
abundance changes by factors of <600.

In summary, the '8F abundance is sensitive to present
reaction-rate uncertainties in all nova models considered
here. Consequently, the rates of several reactions have to be
improved in order to predict with more confidence the early
~-ray emission from novae at and below 511 keV.

5.2. Mass Region A > 20
5.2.1. Neon Isotopes

Isotopic abundances of 2’Ne and 2!Ne depend only
weakly on reaction-rate variations in CO nova models. The
22Ne abundance is sensitive to 22Ne(p, ) reaction-rate var-
iations. Corresponding abundance changes amount to
factors of <100.

For ONe nova models, the effects of reaction-rate var-
iations on the isotopic abundances of 2’Ne, 2'Ne, and
22Ne depend on the peak temperature achieved (Table 1).
For model S1, which achieves the highest peak tempera-
ture, the abundance of the isotope 2’Ne is sensitive to
variations of ZNa(p, v) and 2*Mg(p, ) reaction rates.
Abundance changes amount to factors of <11. Abundan-
ces of 2!Ne are sensitive to reaction-rate variations of
2INa(p, 7) in model P2 and of 2!Na(p, ~), »*Na(p, 7).
and »Mg(p, ) in model Sl1, resulting in abundance
changes by factors of <13. The 22Ne abundance is sensi-
tive to 22Ne(p, ~y) reaction-rate variations in models JCH
1, JCH 2, and PI and to 2!Na(p, ~) reaction-rate varia-
tions in model P2. These abundance changes amount to
several orders of magnitude.

The dominant neon isotope in nova ejecta is 2Ne. In most
nova models, its abundance is insensitive to present reac-
tion-rate uncertainties. Only ONe nova models that achieve
very high peak temperatures (for example, model S1)
require improved reaction rates for the prediction of accu-
rate 2’Ne abundances. Calculations of 20Ne/2!Ne and
20Ne/22Ne isotopic ratios of presolar grains originating
from ONe novae also require improved rates for several
reactions.

5.2.2. Sodium Isotopes

The 22Na abundance predicted by CO nova models
depends only weakly on reaction-rate variations. Further-
more, only small amounts of 22Na are produced as com-
pared to ONe nova models, which are discussed below. The
2ZNa abundance is sensitive to 22Ne(p, ) reaction-rate
variations. Corresponding abundance changes amount to
factors of <7.

For ONe nova models JCH 1, JCH 2, and P1, reac-
tion-rate variations have only minor effects on 2*Na



TABLE 6

FINAL ABUNDANCE CHANGES X[/X[_,rcc RESULTING FROM REACTION-RATE VARIATIONS FOR ONe
Nova MoDEL P2 (Tpeak = 0.356 GK)

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
3He(w, v)Be... "Be . 0.26 1.7 .
$B(p, 7)°C ..... "Be 0.63 0.90 1.1 1.2
BN(p, M"0............ l‘jC 0.81 1.1
N 1.2 0.86
150(a, v)PNe.......... 160 1.3 1.1 1.0 1.0 1.0 1.0
3 1.5 1.0 1.0 1.0 1.0 1.0
EN(p, 7)1150 ............ izO 1.4 0.80
O(p, V!F.cooi O ... 0.73 1.7 ..
70(p, v)8F............. 170 0.76 1.0 1.1 1.1
I8 7.4 1.9 0.51 0.10
130 7.5 2.0 0.51 0.11
F 2.5 1.2 0.85 0.75
70(p, a)N............ 4N 1.2 1.0 1.0 0.95
170 0.47 0.88 1.1 1.3
I8 0.44 0.84 1.1 1.3
180 0.44 0.85 1.1 1.3
R 0.83 0.91 1.0 1.1
F(p,v)8Ne........... 12c 1.1 1.1 0.86 0.65
3¢ 1.0 1.1 0.85 0.63
4N 1.1 1.1 0.91 0.73
ISN 1.1 1.1 0.87 0.65
170 0.0018 0.24 2.1 3.9
I8 0.0017 0.23 2.1 4.0
180 0.0017 0.24 2.1 3.8
I8F(p, v)Ne........... 160 44 1.4 0.80 0.67
E . 9.1 1.9 0.50 0.12 .
BE(@p, )P0 ............ 160 0.63 0.67 0.80 1.4 4.4 35
18 0.017 0.12 0.53 1.9 7.4 42
180 0.017 0.12 0.54 1.8 7.5 42
F 0.015 0.10 0.49 1.9 9.1 80
9Ne(p, v)*Na......... R 0.65 091 1.0 1.0 1.0 1.0
20Ne(p,7)*'Na......... z‘l)Ne 0.74 1.4
Ne 1.4 0.69
2Na 1.4 0.71
22Ne 1.4 0.73
23Na 1.2 0.70
Mg 1.3 0.71
Mg 1.1 0.76
20A] 1.1 0.73
20Mg 1.1 0.77
RUN| 1.1 0.73
28i 1.1 0.76
28i 1.1 0.74
308 1.2 0.73
3p 1.2 0.75
2INa(p, 7)**Mg........ 2INe 0.18 0.49 0.82 1.2 1.7 32
22Na 0.73 0.76 0.88 1.2 1.9 4.7
22Ne 0.75 0.77 0.87 1.2 1.9 4.8
BNa 1.0 0.98 0.98 1.0 1.1 1.6
2Mg 1.0 1.0 1.0 1.0 1.1 1.5
2Na(p, 7)*Mg........ iiNa 0.61 1.7
2’Ne 0.63 1.7
BNa(p, 7)*Mg........ 20Ne 0.44 0.79 1.2 1.5 1.6
2INe 0.44 0.78 1.2 1.4 1.6
22Na 0.43 0.78 1.2 1.5 1.6
22Ne 0.45 0.80 1.2 1.5 1.5
BNa 0.16 0.67 1.3 1.6 1.8
2Mg 1.8 1.4 0.64 0.16 0.018
Mg 2.1 1.4 0.65 0.20 0.060
20A] 2.0 1.4 0.65 0.22 0.084
260Mg 2.0 1.4 0.65 0.21 0.077
RUN| 1.9 1.3 0.67 0.28 0.16
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TABLE 6—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
BNa(p, 7)*Mg........ 25i 1.5 1.2 0.83 0.59 0.51
298i 1.3 1.1 0.89 0.74 0.67
308i 1.0 1.0 1.0 1.0 0.81
BNa(p, ®)®Ne......... 20Ne 1.2 0.79
2INe 1.2 0.78
22Na 1.2 0.78
22Ne 1.2 0.77
BNa 0.54 1.6
2Mg 0.57 1.6
Mg 0.65 1.4
20A] 0.65 1.4
20Mg 0.67 1.4
21A1 0.67 1.3
288i 0.83 1.2
BMg(p, 7)*Al......... 20Ne 0.38 0.57 0.85 1.2 1.4 1.5
2INe 0.38 0.57 0.84 1.1 1.4 1.4
22Na 0.37 0.57 0.84 1.2 1.4 1.5
22Ne 0.38 0.58 0.85 1.2 1.4 1.5
Na 0.23 0.51 0.84 1.1 1.4 1.4
Mg 0.23 0.54 0.86 1.1 1.4 1.4
Mg 0.40 0.57 0.85 1.1 1.3 1.4
20A] 0.54 0.65 0.86 1.1 1.3 1.4
20Mg 0.49 0.60 0.86 1.1 1.3 1.4
1Al 0.80 0.80 0.87 1.1 1.3 1.3
2Gi 1.5 1.2 1.1 0.96 0.93 0.91
28i 1.6 1.4 1.1 0.89 0.74 0.70
308 1.7 1.5 1.2 0.85 0.62 0.50
3lp 1.5 1.4 1.2 0.83 0.54 0.46
329 1.2 1.2 1.1 0.88 0.71 0.65
33 1.0 1.0 1.0 1.0 1.0 0.78
BMg(p, 7)*AlL ....... Mg 0.64 1.4
20A] 1.2 0.73
Mg 0.63 1.5
BMg(p, v)2CAI™ ... 26Mg 1.8 0.53
26Mg(p, 7)?’Al......... 20Mg ... ... 0.60 1.5 ... .
BAl(p, 1) *Si........... Mg 0.70 0.89 0.97 1.0 1.1 1.1
20A] 0.57 0.81 0.95 1.0 1.1 1.2
21A1 0.63 0.73 0.93 1.1 1.2 1.3
288i 1.0 0.94 0.96 1.1 1.3 1.5
28i 1.0 1.0 1.0 1.0 1.0 1.4
329 1.0 1.0 1.0 0.94 0.82 0.71
20A1¢(p, )*"Si.......... 20A] .. 0.054 0.46 1.9 ... .
26A1M(p, )?7Si... 20Mg 0.095 0.42 0.81 1.2 1.4 1.7
Si(p, 7)PP............. 28i 0.79 1.3
28i 1.4 0.70
308 . 1.2 0.81 .
2Si(p, 7)3P............. 298i 0.078 0.48 1.9 6.7
30Si ... 1.1 1.0 0.96 0.77 .
PP, 1)S .o 28i 0.48 0.78 0.96 1.0 1.1 1.1
308 0.62 0.73 0.92 1.1 1.3 1.3
3p 0.79 0.79 0.92 1.1 1.3 1.3
33C1 1.2 1.2 1.1 0.89 0.72 0.66
AT 1.3 1.3 1.1 0.88 0.69 0.63
3TAr 1.4 1.3 1.1 0.87 0.69 0.62
¢y 1.4 1.3 1.2 0.92 0.71 0.64
38Ar 1.5 1.4 1.1 0.86 0.67 0.62
K 1.6 1.5 1.2 0.90 0.75 0.70
40Ca 1.4 1.3 1.1 0.95 0.88 0.84
PP, )38 308 0.015 0.15 0.62 1.6 3.7 7.7
3p 1.4 1.3 1.1 0.88 0.50 0.19
329 1.1 1.1 1.0 0.94 0.71 0.21
33 1.1 1.1 1.0 0.97 0.72 0.21
g 1.0 1.0 1.0 0.98 0.71 0.20
3l 1.0 1.0 1.0 0.96 0.71 0.20
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TABLE 6—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
3PP, v)3S 30AT 1.1 1.1 1.1 0.94 0.69 0.19
SAr 1.1 1.0 1.0 0.95 0.67 0.18
31C1 1.1 1.1 1.1 1.0 0.68 0.19
BAr 1.0 1.0 1.0 0.95 0.62 0.19
YK 1.1 1.1 1.1 0.95 0.65 0.23
40Ca 1.1 1.0 1.1 0.96 0.81 0.61
3SIP(p, )88 ... 288 1.6 1.1 0.95
28i 1.9 1.1 0.93
3054 1.8 1.2 0.92
329 0.57 0.88 1.0
33 0.50 0.91 1.1
g 0.48 0.90 1.1
3l 0.46 0.89 1.0
AT 0.46 0.88 1.1
3TAr 0.44 0.87 1.1
¢y 0.46 0.92 1.1
38Ar 0.44 0.86 1.1
K 0.48 0.90 1.1
40Ca 0.74 0.95 1.1
28(p, v)*3Cl........... 33 1.7 0.56
343 1.7 0.55
3l 1.6 0.56
30AT 1.7 0.56
3TAr 1.7 0.56
31C1 1.7 0.58
BAr 1.7 0.57
K 1.8 0.60
40Ca 1.4 0.79
BS(p, y)**Cl............ 33 0.0010 0.059 0.50 1.8 4.1 5.6
g 1.1 1.1 1.1 0.86 0.43 0.15
35C1 1.1 1.1 1.1 0.88 0.55 0.31
AT 1.2 1.1 1.1 0.88 0.59 0.37
STAr 1.1 1.1 1.1 0.91 0.64 0.44
31C1 1.2 1.2 1.1 0.92 0.66 0.46
BAr 1.1 1.1 1.0 0.90 0.67 0.48
K 1.2 1.1 1.1 0.95 0.75 0.55
40Ca 1.0 1.0 1.0 1.0 1.0 0.77
34S(p,1)3Cl........... s 0.01 0.12 0.57 1.6 3.1 3.8
3l 1.2 1.2 1.1 0.85 0.48 0.30
30AT 1.3 1.3 1.1 0.88 0.55 0.37
YAr 1.2 1.2 1.1 0.89 0.62 0.45
31C1 1.3 1.2 1.1 0.92 0.63 0.48
BSAr 1.1 1.1 1.0 0.90 0.67 0.52
K 1.1 1.1 1.1 0.95 0.70 0.55
40Ca 1.0 1.0 1.0 1.0 1.0 0.75
BCl(p, y)*Ar.......... 33 0.13 0.50 0.88 1.1 1.2 1.2
g 0.67 0.74 0.93 1.1 1.1 1.2
3TAr 1.4 1.3 1.1 0.93 0.85 0.84
¢y 1.4 1.3 1.2 1.0 0.92 0.83
BAr 1.5 1.4 1.1 0.90 0.81 0.76
K 1.6 1.5 1.3 0.90 0.80 0.75
40Ca 1.4 1.3 1.1 0.95 0.88 0.86
MCU(p, 1)PAr.......... AN 0.23 0.62 0.90 1.1 1.1 1.2
30AT 1.3 1.1 1.1 1.0 1.0 1.0
3Cl(p, 7)3°Ar.......... 3l 0.70 1.3
30AT 1.4 0.69
STAr 1.3 0.67
31C1 1.4 0.69
BAr 1.3 0.67
YK 1.3 0.75
3Cl(p, @)33S............ 3l 0.81 0.98 1.0 1.0 1.0
30AT 0.81 1.0 1.0 1.1 1.1
STAr 0.80 0.96 1.0 1.0 1.0
3¢l 0.82 1.0 1.0 1.1 1.0
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TABLE 6—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
BCl(p, a)*S............ 38Ar 0.76 0.95 1.0 1.0 1.0
K 0.80 1.0 1.1 1.1 1.1
STAr(p, 7)B¥K........... TAr 0.040 0.31 0.78 1.1 1.3 1.4
¢y 0.041 0.32 0.81 1.2 1.3 1.4
38Ar 3.3 2.7 1.5 0.62 0.18 0.062
K 3.0 2.6 1.5 0.65 0.24 0.11
40Ca 1.9 1.7 1.2 0.81 0.54 0.47
K (p,v)¥Ca........... YTAr 0.58 091 0.98 1.0 1.0 1.0
3¢l 0.59 0.92 1.0 1.0 1.0 1.0
BAr 1.9 1.2 1.0 0.95 0.95 0.95
YK 2.6 1.4 1.1 1.0 0.95 0.95
40Ca 2.1 1.4 1.1 0.98 0.95 0.95
BK(p,v)¥Ca........... BSAr 0.11 0.57 0.90 1.0 1.0 1.1
K 9.5 5.0 1.8 0.55 0.17 0.070
40Ca 5.1 32 1.4 0.72 0.46 0.40
K (p.y)¥Ca........... K 0.080 0.48 0.90 1.1 1.2 1.2
40Ca 44 3.0 1.4 0.70 0.39 0.30

Note.—See § 4 for an explanation of the quantities listed here.

abundances. In models P2 and S1, which achieve the
highest peak temperatures, variations of 2!Na(p, v) reac-
tion rates have the effect of changing 22Na abundances
by factors of ~6. Variations in 2*Na(p, v) and 2Mg(p, )
reaction rates also have an effect in model S1, changing
22Na abundances by factors of <10. The 2*Na abundance
is sensitive to 2*Na(p, 7) reaction-rate variations in all
ONe nova models, resulting in abundance changes by
factors of <6. In models P2 and S1, the 2Na abundance
changes by factors of <7 if the ZMg(p, 7) reaction rates
are varied within their errors.

For ONe nova models that achieve high peak tempera-
tures, improved rates for several reactions are desirable for
estimating the intensity of the y-ray line at 1275 keV origi-
nating from the decay of 2*Na. Furthermore, present reac-
tion-rate uncertainties have to be reduced in order to
calculate reliable 2*Na abundances in CO and ONe nova
ejecta.

5.2.3. Magnesium Isotopes

For CO nova models, variations of 22Ne(p, 7) and
23Na(p, ) reaction rates change **Mg abundances by fac-
tors of <70. The 2Mg abundance depends on the 22Ne(p, )
reaction rate in model JH 2, resulting in abundance changes
by factors of <5. Variation of the rates for 2Mg(p, 7)
changes the abundance of 20Mg by factors of <14.

For all ONe nova models considered here, variations
of BNa(p, ) reaction rates change the abundances of
Mg, Mg, and Mg by factors of <60. In models
P2 and S1, which achieve the highest peak tempera-
tures, the Mg abundance also depends on 2Mg(p, )
reaction-rate variations, resulting in abundance changes
by factors of <7. In all ONe nova models, the 20Mg
abundance changes by factors of <14 as a result of
26AIm(p, ~) reaction-rate variations. In models JCH 1
and JCH 2, the 2Mg abundance is also sensitive to
26Mg(p, ) rate variations. Corresponding abundance
changes amount to factors of <8. Note that all reac-

tion-rate variations tend to decrease magnesium isotopic
abundances.

In summary, several reaction-rate uncertainties have to
be reduced in order to calculate accurate magnesium iso-
topic abundances.

5.2.4. Aluminum Isotopes

Variations of 22Ne(p, ) and 20Al&(p, v) reaction rates
change 2°Al abundances by factors of <20 and <5, respec-
tively. However, CO nova models produce smaller amounts
of 26Al compared to ONe models, which are discussed
below. The abundance of 2’Al depends only weakly on
reaction-rate variations in CO nova models.

For all ONe nova models, 26Al abundances are sensitive
to 23Na(p, ) and 2°Al¥(p, ~) reaction-rate variations, yield-
ing abundance changes by factors of <60. Variations in
23Na(p, 7) reaction rates change 2’Al abundances by factors
of <60.

Clearly, certain reaction rates have to be improved in
order not only to predict more reliable aluminum abund-
ances in nova ejecta, but also to estimate the contribution of
novae to the Galactic 2°Al abundance and 2°Al/27Al ratios
of presolar grains originating from novae.

5.2.5. Silicon Isotopes

The nucleosynthesis of silicon isotopes in CO nova
models is negligible and reaction-rate variations have only
insignificant effects.

For all ONe nova models considered, the 28Si abundance
is insensitive to reaction-rate variations. All models predict
a dependence of 2%Si abundances on 2°Si(p, 7) reaction-rate
variations, with abundance changes by factors of <14. In all
models, variations in 3P(p, +) reaction rates have the effect
of changing 3°Si abundances by factors of <100.

In conclusion, improved rates for several reactions are
desirable in ONe nova models in order to estimate accurate
silicon abundances in nova ejecta and silicon isotopic ratios
of presolar grains originating from novae.



TABLE 7

FINAL ABUNDANCE CHANGES X; /X rec RESULTING FROM REACTION-RATE VARIATIONS FOR ONe Nova
MODEL S1 (Tpeax = 0.418 GK)

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
SHe(a, 7)"Be............ "Be ... . 0.27 1.8
"Be(a, )HC ... "Be 0.39 1.6
SB(P, 7)°C e "Be ... 0.043 0.57 1.4 2.0
BN(p, n"0............ 3¢ ... . 0.77 1.2
14N 1.2 0.86
150(a, 7)"Ne........... 160 6.6 1.5 1.0 0.92 0.92 0.92
170 2.6 1.2 1.0 1.0 0.96 0.96
I8 2.7 1.2 1.1 1.0 1.0 1.0
180 2.6 1.2 1.0 1.0 1.0 1.0
R 11 1.9 1.1 0.96 0.92 0.92
N(p, )'O........... 160 ... . 1.3 0.78
150(p, YVF....o....... 160 . . 0.78 1.2 .
70(p, v)8F............. 170 ... 0.85 0.96 1.0 1.0
18 . 8.0 2.0 0.54 0.12
180 7.8 1.9 0.52 0.11
0(p, a)*N............ 170 .. 0.65 0.88 1.1 1.2
I8 ... 0.55 0.90 1.2 1.4
180 . 0.54 0.87 1.1 1.4
TF(p, v)8Ne........... I2c ... 0.98 1.0 0.98 0.70
13C 1.0 1.0 1.0 0.72
14N ... 1.0 1.0 1.0 0.73
ISN ... 1.0 1.0 0.98 0.71
160 ... 0.92 0.92 1.2 3.1
170 0.10 0.16 16 180
I8 0.11 0.16 16 180
180 0.11 0.16 16 180
R ... 0.94 0.99 1.0 0.63
BF(p, v)¥Ne........... 160 . 5.7 1.5 0.70 0.48
170 ... 2.3 1.2 0.92 0.85
BF ... 2.5 1.2 1.0 0.90
180 ... 2.4 1.2 0.91 0.87
B3 ... 9.2 1.9 0.56 0.19 .
BE(p, )P0 ............ e} 0.44 0.48 0.70 1.5 5.7 49
170 0.85 0.85 0.92 1.2 2.3 15
I8 0.015 0.12 0.52 2.2 16 480
180 0.014 0.11 0.50 2.1 16 460
R 0.11 0.19 0.56 1.9 9.2 85
Ne(p,7)*Na ........ 160 0.47 0.67 0.92 1.0 1.0 1.1
R 0.15 0.51 0.90 1.1 1.1 1.2
20Ne(p, 7)*'Na......... 20Ne ... . 0.90 1.2
2INe ... . 1.9 0.59
22Na 1.8 0.57
2INa(p, v)2Mg........ 2INe 0.075 0.31 0.71 1.4 3.2 9.2
22Na 0.81 0.81 0.90 1.2 2.1 6.2
22Na(p., 7)*Mg........ 2Na .. s 0.57 1.8 . e
BNa(p, )**Mg........ 20Ne ... 0.21 0.69 1.3 1.6 1.8
2INe ... 0.20 0.69 1.3 1.6 1.7
22Na ... 0.20 0.67 1.3 1.6 1.7
BNa ... 0.33 0.78 1.2 1.4 1.4
2Mg ... 2.9 1.5 0.60 0.14 0.016
BMg ... 2.1 1.4 0.65 0.21 0.068
20A] ... 2.0 1.4 0.68 0.23 0.10
20Mg . 2.0 1.4 0.68 0.23 0.093
21AL ... 1.9 1.3 0.70 0.30 0.18
25 ... 1.4 1.2 0.87 0.67 0.62
298i ... 1.2 1.1 0.90 0.81 0.76
30Si ... 1.1 1.0 0.96 0.92 0.88
BNa(p, @)*Ne......... 20Ne ... .. 1.3 0.69
2INe 1.3 0.69
22Na 1.3 0.67
BNa ... . 0.69 1.3
Mg ... . 0.67 1.4
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TABLE 7—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
BNa(p, @)®Ne......... Mg ... . 0.67 1.4
26A1 . . 0.68 1.4
20Mg . e 0.68 1.4
2TAl 0.71 1.3
288i 0.87 1.2
2Mg(p, 7)**Al......... 'H 0.93 0.93 0.93 1.0 1.1 1.3
170 1.0 1.0 1.0 0.96 0.85 0.73
BF 1.1 1.1 1.1 1.0 0.90 0.75
180 1.1 1.0 1.0 1.0 0.86 0.73
20Ne 0.095 0.38 0.79 1.2 2.0 2.9
2INe 0.095 0.39 0.78 1.3 1.9 2.9
22Na 0.095 0.38 0.76 1.2 2.0 29
2Na 0.15 0.47 0.83 1.2 1.6 22
2Mg 0.15 0.49 0.84 1.2 1.6 2.1
BMg 0.41 0.59 0.86 1.2 1.6 2.1
26A1 0.60 0.68 0.88 1.2 1.5 2.0
20Mg 0.54 0.64 0.89 1.2 1.6 2.1
21A1 0.94 0.86 0.92 1.1 1.4 1.9
288 1.5 1.3 1.1 0.98 1.1 1.3
28i 1.6 1.4 1.1 0.90 0.86 0.90
30si 1.4 1.3 1.1 0.88 0.67 0.58
3p 1.3 1.2 1.1 0.89 0.67 0.44
328 1.1 1.1 1.0 0.95 0.76 0.47
N 1.1 1.1 1.0 0.94 0.75 0.43
e 1.1 1.1 1.0 0.96 0.78 0.48
3Cl 1.0 1.0 1.0 1.0 0.83 0.60
AT 1.0 1.0 1.0 0.98 0.84 0.60
T Ar 1.0 1.0 1.0 0.97 0.91 0.76
31C1 1.0 1.0 1.0 0.99 0.90 0.74
2A1(p, 1)>Si e 28i 0.95 0.95 0.98 1.1 1.2 1.4
2Si 0.95 0.95 1.0 1.0 1.2 1.4
308i 1.0 1.0 1.0 1.0 1.1 1.3
3S 1.0 1.0 1.0 0.97 0.92 0.80
S 1.0 1.0 1.0 0.99 0.93 0.79
AT 1.0 1.0 1.0 1.0 0.95 0.82
ZMg(p, 7)SALE ....... BMg . . 0.68 1.4
26A1 . . 1.2 0.76
20Mg e . 0.64 1.5
BMg(p, 7)*AI™ ...... Mg . . 1.8 0.54 . .
BAl(p, 7)*Si........... 170 1.0 1.0 1.0 1.0 0.96 0.81
I8p 1.1 1.1 1.0 1.0 1.0 0.84
180 1.0 1.0 1.0 1.0 1.0 0.81
Mg 0.67 0.87 0.97 1.0 1.1 1.1
26Mg 1.0 0.89 0.96 1.0 1.1 1.3
26A1 0.52 0.80 0.96 1.0 1.2 1.3
2TA1 0.67 0.78 0.93 1.1 1.3 1.6
288i 1.0 0.96 0.98 1.1 1.3 2.0
28i 1.0 1.0 1.0 1.0 1.1 1.7
308i 1.1 1.0 1.0 0.96 0.96 1.3
28 1.0 1.0 1.0 1.0 0.95 0.81
3S 1.0 1.0 1.0 1.0 0.92 0.71
! 1.0 1.0 1.0 1.0 0.95 0.71
3¢l 1.0 1.0 1.0 1.0 0.97 0.73
BAr 1.0 1.0 1.0 1.0 0.95 0.73
TAr 1.0 1.0 1.0 1.0 0.94 0.76
3¢l 1.0 1.0 1.0 1.0 0.95 0.76
BAr 1.0 1.0 1.0 1.0 0.95 0.81
PK 1.1 1.0 1.0 1.0 0.95 0.82
20Mg(p, v)?’Al......... 20Mg . . 0.68 1.4
20A18(p, 7)*"Si........ 26A1 . 0.072 0.48 1.9 . e
26A1M(p, 7)*"Si......... Mg 0.071 0.36 0.79 1.2 1.6 1.9
26Si(p, 7)?"P...eve. 288 0.98 1.0 1.0 1.0 1.1 1.3
28i 1.0 1.0 1.0 1.0 1.1 1.3
30si 1.0 1.0 1.0 1.0 1.0 1.3
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TABLE 7—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
21Si(p, V)P 21A1 . 0.82 0.96 1.0 1.0
285 ... 0.96 0.98 1.1 1.3
298i . 1.0 1.0 1.0 1.2
28i(p, )PP 285 ... . 0.78 1.3
298i 1.4 0.71
30Si 1.2 0.79
28i(p, v)P............. 28i ... 0.095 0.52 2.0 7.1
30Si ... 1.0 1.0 0.96 0.75 .
PP(p, )9S i 28i 0.48 0.76 0.95 1.1 1.2 1.4
30Si 0.54 0.67 0.88 1.1 1.5 1.8
3lp 0.78 0.81 0.89 1.1 1.4 1.6
33 1.1 1.0 1.0 0.95 0.86 0.77
33 1.1 1.1 1.0 0.96 0.84 0.71
3Cl 1.1 1.1 1.0 0.97 0.80 0.63
30AT 1.1 1.1 1.0 0.97 0.79 0.60
AT 1.1 1.1 1.0 0.94 0.76 0.55
11 1.1 1.0 1.0 0.95 0.76 0.56
BAr 1.1 1.0 1.0 0.95 0.71 0.52
K 1.1 1.1 1.0 0.93 0.70 0.52
40Ca 1.2 1.2 1.1 0.92 0.70 0.52
PP, Y18 28i 1.0 1.0 1.0 1.0 0.95 0.81
30Si 0.012 0.14 0.58 1.6 3.9 9.6
3p 1.3 1.2 1.1 0.85 0.56 0.24
329 1.0 1.1 1.0 0.95 0.81 0.40
33 1.0 1.0 1.0 0.95 0.82 0.42
39 1.0 1.0 1.0 0.98 0.85 0.45
3C1 1.0 1.0 1.0 1.0 0.90 0.50
30AT 1.0 1.0 1.0 0.98 0.90 0.50
AT 1.0 1.0 1.0 0.97 091 0.55
el 1.0 1.0 1.0 0.99 0.93 0.55
BAr 1.0 1.0 1.0 1.0 0.95 0.57
K 1.0 1.0 1.0 0.99 0.93 0.55
40Ca 1.0 1.0 1.0 1.0 0.92 0.52
3SIP(p, a)®8Si ... 28 .. 24 1.2 0.91
25i ... 2.7 1.3 0.86
308Si . 2.5 1.3 0.83
329 ... 0.67 0.95 1.0
EE .. 0.55 0.91 1.0
Ea ... 0.53 0.90 1.1
3Cl1 . 0.53 0.90 1.1
36AT .. 0.53 0.90 1.1
ITAr .. 0.52 0.88 1.1
el ... 0.52 0.89 1.1
BAr . 0.52 0.90 1.0
K ... 0.55 0.89 1.1
40Ca . 0.56 0.90 1.1 ...
3S(p, v)32Cl............ 30AT ... 1.2 1.0 0.98 0.95
AT . 1.4 1.1 0.94 0.91
el ... 1.3 1.1 0.95 0.91
BAr . 1.6 1.1 0.90 0.86
K . 1.8 1.2 0.90 0.84
40Ca . 1.9 1.2 0.92 0.84
32S(p, v)33Cl............ 33 ... . 1.5 0.62
33 1.5 0.64
3Cl . . 1.3 0.73
30AT . .. 1.3 0.74
AT ... . 1.2 0.79
3¢l .. .. 1.2 0.78
BAr 1.1 0.81
K 1.1 0.84
40Ca 1.1 0.84
BS(p, 7)*Cl............ 33 0.00091 0.051 0.48 1.7 4.2 6.5
Ea 1.0 1.2 1.1 0.86 0.49 0.22

3Cl 1.0 1.1 1.1 0.93 0.73 0.53



EFFECTS OF REACTION-RATE VARIATIONS 125

TABLE 7—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
BS(p, 7)**Cl............ 30AT 1.0 1.1 1.1 0.95 0.77 0.63
YTAr 1.0 1.0 1.0 0.97 0.85 0.76
el 1.0 1.0 1.0 0.98 0.87 0.76
BAr 1.0 1.0 1.0 1.0 0.90 0.86
K 1.0 1.0 1.0 0.99 0.96 0.88
HS(p, v)33Cl............ e 0.0093 0.11 0.55 1.6 3.2 4.4
3Cl1 1.0 1.2 1.1 0.90 0.63 0.50
30AT 1.0 1.1 1.1 0.92 0.73 0.58
TAr 1.0 1.1 1.0 0.94 0.82 0.73
el 1.0 1.1 1.0 0.95 0.83 0.73
BAr 1.0 1.0 1.0 0.95 0.90 0.81
K 1.0 1.0 1.0 0.99 0.95 0.88
BCl(p, y)*Ar.......... 33 0.095 0.40 0.80 1.2 1.5 1.7
S 0.62 0.67 0.87 1.2 1.4 1.6
TAr 1.0 1.1 1.0 0.94 0.88 0.85
el 1.0 1.1 1.0 0.96 0.89 0.87
BAr 1.0 1.1 1.0 0.95 0.81 0.71
K 1.0 1.1 1.1 0.92 0.73 0.63
40Ca 1.0 1.1 1.1 0.92 0.70 0.58
HCl(p, )P*Ar ... 39 0.20 0.56 0.87 1.1 1.3 1.4
3Cl(p, v)*°Ar......... 3¢l 0.67 1.4
30AT 1.3 0.73
STAr 1.2 0.76
31C1 1.2 0.77
BAr 1.1 0.81
IK 1.1 0.85
B3Cl(p, a)¥S..... 3Cl 0.83 1.0 1.0 1.0 1.0
30AT 0.82 0.98 1.0 1.0 1.0
AT 0.79 0.97 1.0 1.0 1.0
el 0.78 0.96 1.0 1.0 1.0
BAr 0.76 0.95 1.0 1.0 1.0
K 0.71 0.96 1.0 1.0 1.0
40Ca 0.72 0.96 1.0 1.1 1.1
BSAr(p, 7)K........... K 1.3 1.0 0.96 0.95
40Ca ... 1.5 1.1 0.96 0.92 .
ITAr(p, 7)BK........... AT 0.026 0.22 0.70 1.3 1.7 1.9
el 0.026 0.23 0.71 1.2 1.7 2.0
BAr 2.0 1.8 1.3 0.71 0.30 0.14
K 1.5 1.5 1.2 0.79 0.44 0.27
40Ca 1.3 1.2 1.1 0.88 0.58 0.40
K (p, v)8Ca.......... AT 0.42 0.79 0.94 1.0 1.0 1.0
31C1 0.41 0.79 0.96 1.0 1.0 1.0
BAr 1.4 1.1 1.0 1.0 1.0 1.0
K 1.6 1.3 1.1 0.96 0.92 0.90
40Ca 1.7 1.4 1.1 0.94 0.86 0.84
BK(p,v)¥Ca........... BAr 0.057 0.35 0.81 1.1 1.4 1.4
VK 3.4 2.6 1.5 0.63 0.19 0.059
40Ca 2.4 2.0 1.4 0.66 0.20 0.042
PK(p,7)¥Ca........... K 0.030 0.26 0.74 1.2 1.5 1.6
40Ca 2.4 2.2 1.4 0.66 0.19 0.026

NotEe.—See § 4 for an explanation of the quantities listed here.

5.2.6. Sulfur Isotopes

Similar to the case of silicon, the nucleosynthesis of sulfur
isotopes in CO nova models is negligible.

For ONe nova models JCH 1, JCH 2, P1, and P2, reac-
tion-rate variations of °P(p, ) have the effect of changing
32§ abundances by factors of <12. For all models, variations
in 33S(p, 7) reaction rates change *3S abundances by factors

of <1000. The 33S abundance also depends on reaction-rate
variations of 3°P(p, ) in models JCH 1, JCH 2, P1, and P2,
and of 3Cl(p, ) in models P2 and SI. Abundance changes
amount to factors of <14. The 3*S abundance depends in all
models on 3*S(p, 7) reaction-rate variations, resulting in
abundance changes by factors of <130. The 3*S abundance
also depends on reaction-rate variations of *°P(p, v) in mod-
els JCH 2, P1, and P2, of 33S(p, ) in models JCH 2, P1, P2,



TABLE 8

FINAL ABUNDANCE CHANGES X[/X,-_,rcc RESULTING FROM REACTION-RATE VARIATIONS FOR ONe Nova
MODEL JCH 1 (Tpeax = 0.231 GK)

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
3He(a, 7)'Be... TBe 0.28 1.6
"Be(p, 7)®B..... "Be s 0.0019 40 .
SB(D, 7)°C wovvvvenn, 7Be 0.38 0.84 1.1 12
BN(p, )40 oo ic 1.1 0.86
C 0.78 1.1
180 1.1 0.88
N(p, 1)150 oo s 13 0.71
°'C 1.2 0.81
4N 0.80 1.3
5N 1.3 0.77
I5N(p, 0)!2C oo BN 0.66 1.7
160(p, 1)\ TF oo S 1.0 0.89
O 0.07 7.9
170 0.71 1.5
180 0.71 1.4
I8 0.71 1.4
3 0.71 1.5
170(p, 7)18F ... 170 0.16 0.71 12 1.5
180 1.6 1.4 0.59 0.14
I8 1.6 1.4 0.62 0.14
R 1.5 1.5 0.60 0.15
10(p, @) ¥N........... 170 0.0055 0.16 38 15
180 0.0088 0.18 3.5 14
18 0.0090 0.18 3.6 14
R 0.016 0.20 3.2 12
F(p,v)¥Ne........... 170 0.58 0.94 1.1 1.0
180 0.56 0.94 1.1 1.0
18 0.57 0.95 1.0 1.0
R 0.55 0.93 1.0 1.0
I8F(p, 7)!%Ne.......... 19F o 8.1 1.9 0.60 0.8
BE(p, )P0 ............ 180 0.013 0.12 0.54 1.8 7.6 110
18 0.013 0.13 0.57 1.9 8.1 110
R 0.010 0.10 0.51 2.0 9.7 150
E(p, )60 ............ 19F 0.68 15
20Ne(p,7)*'Na ........ ilee 1.8 0.52
Na 1.7 0.52
2Na 1.8 0.54
2Mg 1.9 0.53
Mg 18 0.54
26Mg 18 0.55
20A] 1.8 0.53
21A1 1.8 0.52
288i 1.2 0.86
28i 1.3 0.87
2INe(p, 7)*Na ........ 2INe e s 0.45 2.3 ..
22Ne(p, 7)®Na......... 22Ne 0.0000064 0.0000071 0.13 2.8 6.4 ..
2INa(p, 1)2Mg........ 2INe 0.76 0.90 0.98 1.0 1.0 1.0
22Na 0.77 0.83 0.91 1.0 1.1 1.1
Mg 1.0 1.0 1.0 1.0 1.1 1.3
20Mg 1.0 1.0 1.0 1.0 1.1 1.3
20A] 1.0 1.0 1.0 1.0 1.1 1.3
1Al 1.0 1.0 1.0 1.0 1.0 1.2
2Na(p, 7)*Mg........ 22Na 0.66 1.6
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TABLE 8—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
BNa(p, )*Mg........ 20Ne .. 0.81 0.94 1.1 1.2 1.2
2INe 0.81 0.93 1.0 1.1 1.1
22Na . 0.78 0.91 1.1 1.0 1.2
2Na . 0.29 0.75 1.2 1.4 1.5
24Mg S 2.7 1.5 0.60 0.15 0.015
Mg . 2.3 14 0.63 0.16 0.016
20Mg . 2.1 1.4 0.65 0.16 0.017
20A] . 2.1 1.4 0.63 0.16 0.017
21Al . 2.0 14 0.63 0.17 0.017
288i e 1.6 1.2 0.83 0.62 0.57
28i . 1.5 1.1 0.84 0.66 0.60
308 o 1.5 1.2 0.88 0.75 0.72
3p . 1.4 1.1 0.88 0.79 0.75
328 e 1.3 1.1 0.93 0.83 0.83
33 . 1.2 1.1 0.95 0.89 0.88
BNa(p, ®)®Ne......... 2Na ... .. 0.63 1.4
2Mg . . 0.62 1.5
BMg .. ... 0.64 1.4
20Mg . . 0.65 1.4
20A] e e 0.64 1.4
2TA1 . . 0.63 1.4
288i e e 0.84 1.2
298i 0.85 1.1
BMg(p, v)*AlE ....... Mg . . 0.64 1.5
20Mg 0.58 1.6
20A] . e 1.2 0.80
BMg(p, v)*AI™ ...... 260Mg .. .. 1.8 0.55
26Mg(p, 7)Y Al........ 26Mg .. 0.12 0.55 1.8
26A12(p, v)?7Si 20A] . 0.062 0.38 2.7
271A1 0.86 0.92 1.1
20A1™(p, 4)?7Si......... 260Mg 0.26 0.74 0.97 1.0 1.1 1.1
2AL(p, )5S oo, 7741 .. .. 0.42 23
BSi(p, 1)PP............. 288i . . 0.78 1.1
28i e e 1.6 0.56
3054 . . 1.7 0.55
3p 1.8 0.54
329 1.8 0.56
3s 1.6 0.67
2Si(p, 7)3P............. 298i . 0.074 0.47 2.1 9.4
308 S 1.0 1.0 1.0 0.68
3p . 1.0 1.0 0.94 0.60
328 S 1.1 1.0 0.93 0.51
33 . 1.1 1.0 0.91 0.60
30Si(p, 7)3P.... 308i . 0.88 1.0 1.0 1.0
3p . 1.2 1.0 0.98 0.96 o
30P(p, P)3S . 308 0.022 0.17 0.66 13 1.6 1.8
3p 1.9 1.8 1.3 0.63 0.19 0.058
323 2.4 2.2 1.5 0.63 0.20 0.083
3S 2.5 2.2 1.4 0.72 0.41 0.32
B 1.3 1.2 1.1 0.92 0.92 0.92
3SIP(p, a)®Si ... 3p . 0.69 0.94 1.0
328 S 0.76 0.98 1.0
3S o 0.85 0.98 1.0
328(p, y)33Cl........... 33 . . 1.8 0.59
AN 1.2 0.92
3BS(p, y)*Cl............. 33 0.0057 0.18 0.71 1.2 1.5 1.6
AN 1.5 1.4 1.2 0.92 0.75 0.72
3l 1.2 1.1 1.0 1.0 0.95 0.95
HS(p, v)*°Cl............ Mg 0.0077 0.072 0.48 1.5 2.2 2.4
3Cl 1.5 1.5 1.3 0.73 0.32 0.21
BAr(p, 7)K........... AT . . 0.30 1.7
3TAr . .. 1.3 0.65
BAr e e 1.2 0.82

127
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TABLE 8—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01

ITAr(p, 7)3¥K........... 3TAr 0.062 0.62 0.96 1.0 1.1 1.1
BAr 8.2 4.1 1.5 0.76 0.56 0.53

1Cl 0.87 0.93 1.0 1.0 1.0 1.0
K 1.5 1.2 1.0 0.98 0.97 0.97

BAr(p, 1)¥K........... 38Ar 0.41 0.71 0.97 1.0 1.1 1.1
VK 4.1 2.6 1.2 0.86 0.76 0.73

BK(p,7)¥Ca........... BAr 0.79 0.97 1.0 1.0 1.0 1.0
K 2.1 1.2 1.0 0.98 0.98 0.98

BK(p,y)*Ca........... K 0.12 0.77 0.97 1.0 1.0 1.0

and S1, and of 3*Cl(p, ) in models P2 and S1. Abundance
changes amount to factors of <13, <30, and <5, respec-
tively.

Consequently, uncertainties of several reaction rates have
to be reduced in ONe nova models for the prediction of
accurate sulfur abundances in nova ejecta and of sulfur
isotopic ratios of presolar grains originating from novae.

5.2.7. Chlorine Isotopes

Variations in 3*S(p, ) reaction rates increase 3°Cl abun-
dances by factors of <5 in CO nova models. The nucleosyn-
thesis of 37Cl is negligible and reaction-rate variations have
only insignificant effects. Note that CO nova models pro-
duce much less 3Cl compared to ONe nova models, which
are discussed below.

In ONe nova models JCH 2, P1, and P2, the **Cl abun-
dance changes by factors of <10 as a result of varying the
30P(p, v) and 33S(p, ) reaction rates. The 33Cl abundance is
also sensitive to 3#S(p, ) reaction-rate variations in models
JCH 1, JCH 2, P1, and P2, resulting in abundance changes
by factors of <20. The abundance of 37Cl changes in model
P2 by factors of <24 as a result of 3°P(p, v) and ¥’Ar(p, v)
reaction-rate variations, while in model S1, abundance
changes of 3’Cl amount to factors of <38 as a result of vary-
ing the 37Ar(p, 7) reaction rates. Most reaction-rate varia-
tions tend to decrease the abundances of 33Cl and 37Cl.

Therefore, the calculation of reliable chlorine abundances
in the ejecta of ONe novae requires improved rates for
several reactions.

5.2.8. Argon Isotopes

The nucleosynthesis of argon isotopes in CO nova models
is negligible, and reaction-rate variations have only insignif-
icant effects.

For ONe nova models P1 and P2, the 3°Ar abundance
changes by factors of <7 if the 3°P(p, =), 3S(p, 7), and
34S(p, ~) reaction rates are varied within their errors. The
37Ar abundance is sensitive to 3’Ar(p, v) reaction-rate varia-
tions in all ONe nova models and to 3°P(p, ) rate variations
in model P2. Abundance changes amount to factors of
<120. The 38Ar abundance is sensitive to 3’Ar(p, 7) reac-
tion-rate variations in all models, to 33K (p, ) reaction-rate
variations in models JCH 2, P1, P2, and S1, and to varia-
tions of 3P(p, ) reaction rates in model P2. Changes in
38 Ar abundances amount to factors of <18. As was the case
for chlorine isotopes, most reaction-rate variations tend to
decrease the argon isotopic abundances.

In conclusion, several reaction-rate uncertainties have to
be reduced in order to predict reliable argon abundances in
ONe nova ejecta.

5.3. Comparison with Hydrodynamic Model Calculations

In § 2 we have pointed out that hydrodynamic nova
model calculations are time consuming, and consequently,
the effect of reaction-rate variations on final isotopic abun-
dances has been previously studied for only a few selected
cases. In the following, we compare some of our results with
those obtained from previous hydrodynamic model calcula-
tions. It has to be kept in mind, as already discussed in
detail, that our calculations neglect convection.

The dependence of '8F abundances on reaction-rate var-
iations has been studied by Coc et al. (2000). Their hydro-
dynamic model calculations were performed for ONe nova
model JCH 2, which has also been used for the one-zone cal-
culations of the present work (Table 1). They quote factors
of 10 and 310 for the ratio of maximum versus minimum 8F
abundance as a consequence of 170 + p and 8F + p reac-
tion-rate variations, respectively. Our result for '8F +p
reaction-rate variations is in agreement with that of Coc et
al. (2000), but for variations of 17O + p reaction rates, we
obtain larger '8F abundance changes. The agreement for
I8F +p and the disagreement for 7O +p could be
explained by the fact that we use the same !8F + p reaction
rates and corresponding errors as Coc et al. (2000), while
for 170 + p, we use newer reaction rates, which differ signifi-
cantly from those adopted previously (§§ 3.1 and 3.3).

Abundance changes of 22Na as a result of reaction-rate
variations have been studied by José et al. (1999). They
performed hydrodynamic ONe nova model calculations
assuming white dwarf masses of 1.15 and 1.25 M. The
models are described in detail in José & Hernanz (1998).
They quote an increase in 22Na abundance by a factor of
2-3 as a result of reducing the 2!Na(p, 7) reaction rates
(adopted from Caughlan & Fowler 1988) by a factor of 100.
For ONe nova models JCH 1 and JCH 2, which are similar
to those used in Jos¢ et al. (1999), we also observe an
increase of 22Na abundance as a result of 2!Na(p, ) reac-
tion-rate decreases, although we find smaller effects in our
one-zone calculations (<50% decrease of abundance). The
difference might be explained by the fact that some of the
key reaction rates in this mass range adopted in José et al.
(1999) and in the present work differ significantly.

Finally, the effects of 3°P(p, ) reaction-rate variations on
the synthesis of elements between Si and Ca has been inves-
tigated in José et al. (2001). They adopted a hydrodynamic



TABLE 9

FINAL ABUNDANCE CHANGES X[/X,-_,rcc RESULTING FROM REACTION-RATE VARIATIONS FOR ONe Nova
MODEL JCH 2 (Tpeax = 0.251 GK)

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
3He(w, v)Be... . "Be ... ... 0.33 1.5
"Be(p,7)*B...... . "Be . e 0.048 6.7 .
SB(P, 7)°C v "Be ... 0.46 0.89 1.1 1.2
BN(p, »"0............ 3¢ ... ... 0.72 1.3
14N 1.1 0.84
N, NPO............ 4N ... ... 0.81 1.2
N(p, )'O............ 160 ... ... 1.4 0.76
BN(p, a)l2C............ 5N ... ... 0.64 1.5
160 ... ... 0.76 1.4
150(p, MVF ..o 160 ... ... 0.40 16 ...
70(p, v)8F............. 170 ... 0.19 0.70 1.2 1.4
I8 .. 1.9 1.5 0.60 0.14
180 ... 1.8 1.4 0.59 0.14
F ... 1.5 1.3 0.58 0.14
70(p, a)*N............ 170 ... 0.033 0.26 2.9 9.5
I8 .. 0.031 0.27 2.9 9.5
180 ... 0.030 0.26 2.8 8.6
g ... 0.028 0.27 2.6 7.7
TF(p, v)!8Ne........... 170 ... 0.17 0.80 1.1 1.3
I8 0.17 0.80 1.2 1.3
180 0.16 0.79 1.1 1.2
g 0.15 0.76 1.1 1.2
8F(p, v)Ne........... 160 ... 1.2 1.0 1.0 1.0
YF ... 9.2 1.9 0.49 0.13
BE((p, )0 ............ 160 0.95 1.0 1.0 1.0 1.2 3.3
I8 0.014 0.14 0.55 1.9 8.5 110
180 0.014 0.13 0.53 1.8 7.9 100
g 0.010 0.10 0.48 1.9 9.2 130
20Ne(p, v)*'Na......... z(l)Ne . . 0.87 1.1
Ne ... ... 1.7 0.53
22Na ... ... 1.7 0.56
22Ne .. ... 1.2 0.93
BNa 1.7 0.55
2Mg ... ... 1.7 0.57
Mg ... ... 1.6 0.54
EUN| ... ... 1.7 0.53
20Mg ... ... 1.7 0.56
2T1A1 ... .. 1.8 0.54
288 ... ... 1.4 0.73
298i ... ... 1.4 0.74
30Si ... ... 1.2 0.80
3p 1.1 0.90
22Ne(p, 7)®Na ........ 22Ne 0.00014 0.00016 0.0035 19 220 .
2INa(p, 7)**Mg........ 2INe 0.35 0.57 0.83 1.2 1.4 1.5
22Na 0.72 0.76 0.90 1.1 1.4 1.5
22Na(p, 7)*Mg........ 22Na ... ... 0.72 1.6 ... ..
BNa(p, 7)*Mg........ 20Ne ... 0.73 0.87 1.1 1.2 1.3
2INe e 0.73 0.89 1.1 1.2 1.2
22Na ... 0.71 0.90 1.1 1.3 1.3
22Ne ... 1.1 1.0 0.93 0.89 0.89
BNa ... 0.31 0.73 1.2 1.5 1.6
2“Mg ... 2.7 1.5 0.62 0.16 0.017
Mg 1.9 1.4 0.65 0.16 0.018
20A] .. 1.8 1.4 0.64 0.16 0.018
20Mg 1.9 1.3 0.67 0.17 0.019
21Al ... 1.8 1.3 0.66 0.18 0.020
288i ... 1.6 1.2 0.76 0.46 0.36
298i ... 1.7 1.2 0.77 0.47 0.37
308 ... 1.5 1.1 0.80 0.61 0.54
3p ... 1.5 1.1 1.0 0.68 0.63
329 .. 1.4 1.1 1.0 0.80 0.77

3S 1.3 1.1 1.0 0.81 0.81



TABLE 9—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
BNa(p, 7)**Mg........ 34s 1.3 1.1 1.0 0.88 0.88
BNa(p, ) Ne......... 20Ne 1.1 0.87

2INe 1.1 0.90
22Na 1.1 0.90
BNa 0.73 1.3
2Mg 0.68 1.4
Mg 0.65 1.4
20A] 0.64 1.4
20Mg 0.67 1.3
1Al 0.66 1.3
288i 0.76 1.2
28i 0.77 1.2
30Si 0.80 1.1
BMg(p, )*Al......... 20Ne 0.87 1.0 1.0 1.0 1.0 1.0
2INe 0.90 1.0 1.0 1.0 1.0 1.0
22Na 0.90 1.0 1.0 1.0 1.0 1.0
2Na 0.87 1.0 1.0 1.0 1.0 1.0
2Mg 0.90 1.0 1.0 1.0 1.0 1.0
Mg 0.90 1.0 1.0 1.0 1.0 1.0
20A] 0.88 1.0 1.0 1.0 1.0 1.0
20Mg 0.89 1.0 1.0 1.0 1.0 1.0
271A1 0.90 0.80 1.0 1.0 1.0 1.0
288i 1.2 1.0 1.0 1.0 1.0 1.0
25i 1.3 1.0 1.0 1.0 1.0 1.0
30Si 1.2 1.0 1.0 1.0 1.0 1.0
3lp 1.3 1.0 1.0 1.0 1.0 1.0
2Mg(p, 7)*°AlE ....... Mg 0.60 1.6
20A] 1.1 0.81
20Mg 0.56 1.7
BMg(p, y)2AI™ ... 20Mg .. 1.7 0.52
20Mg(p, v)*'Al......... 26Mg 0.13 0.56 1.9
20A18(p, v)*"Si.......... 20A] ... 0.073 0.44 2.5 ... .
A1 (p, )27Si . 20Mg 0.16 0.63 0.93 1.0 1.1 1.1
2ZIA1(p, 7)®Si............ 21Al 0.41 2.5
28i(p, 1)PP............. 288i 0.64 1.3
28i 1.3 0.67
30Si 1.3 0.64
3p 1.4 0.65
329 1.5 0.60
33 1.6 0.59
g 1.6 0.59
3Cl . 1.4 0.67 ...
2Si(p, 7)3P............. 298i 0.069 0.45 2.2 11
30Si(p, 7)1 P 30Si ... 0.80 0.93 1.0 1.1 .
2P, 1)S .o g 1.2 1.0 1.0 1.0 1.0 1.0
3Cl1 1.2 1.0 1.0 1.0 1.0 1.0
PP, 1)31S 30Si 0.015 0.13 0.55 1.6 2.9 3.4
3p 1.3 1.1 1.0 0.84 0.38 0.16
329 1.4 1.4 1.2 0.77 0.27 0.087
33 1.6 1.5 1.2 0.74 0.24 0.074
g 1.7 1.6 1.3 0.75 0.24 0.088
3Cl1 1.7 1.6 1.3 0.76 0.39 0.28
30AT 1.2 1.2 1.1 0.95 0.85 0.85
3SIP(p, )88 ... 28Si 1.2 1.0 1.0
28i 1.2 1.0 1.0
3p 0.60 0.94 1.0
329 0.60 0.93 1.0
33 0.59 0.93 1.0
g 0.63 0.94 1.1
3Cl 0.72 0.92 1.0
32S(p, v)*3Cl............ 39 2.0 0.48
349 2.0 0.51
3l 1.7 0.59
30AT 1.2 0.90
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TABLE 9—Continued

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
BS(p, y)*Cl............ 33 0.0014 0.085 0.59 1.3 1.7 1.9
Ea 1.8 1.8 1.4 0.63 0.17 0.033
3l 2.2 1.9 1.3 0.66 0.31 0.21
30AT 1.3 1.3 1.1 0.95 0.85 0.85
HS(p, v)*3Cl............ g 0.019 0.19 0.69 1.3 1.6 1.8
3Cl 2.3 2.1 1.3 0.63 0.19 0.053
30AT 1.4 1.3 1.1 0.90 0.80 0.75
BCl(p, y)*Ar.......... 33 0.74 1.0 1.0 1.0 1.0 1.0
3l 1.3 1.0 1.0 1.0 1.0 1.0
HCl(p, y)P?Ar ... g 0.75 1.0 1.0 1.0 1.0 1.0
3l 1.3 1.0 1.0 1.0 1.0 1.0
3Cl(p, y)*°Ar......... 30AT 1.2 0.85
BAr(p, ) K........... 36Ar . . 0.21 4.1 . .
ITAr(p, 7)BK........... STAr 0.0084 0.19 0.81 1.1 1.2 1.3
¢y 0.88 0.91 0.98 1.0 1.0 1.0
BAr 4.2 3.6 1.6 0.62 0.27 0.19
K 2.6 1.9 1.2 0.83 0.78 0.75
BAr(p, V)¥K........... BAr 0.63 0.79 0.95 1.0 1.1 1.1
K 3.6 2.4 1.3 0.77 0.58 0.53
K (p, y)¥Ca........... BAr 1.2 1.0 1.0 1.0 1.0 1.0
BK(p,7)¥Ca........... BAr 0.37 0.85 0.98 1.0 1.0 1.0
PK 5.9 2.2 1.2 0.92 0.83 0.82
K (p,y)¥Ca........... K 0.092 0.58 0.92 1.0 1.0 1.0

NotE.—See § 4 for an explanation of the quantities listed here.

ONe nova model with a white dwarf mass of 1.35 M,
reaching a peak temperature of Tpeax = 0.331 GK. Details
of the model can be found in Jos¢ & Hernanz (1998). They
quote that the abundances of several isotopes (*'P, 32S, 33S,
348, 33Cl, and Ar) decrease by about an order of magnitude
when the 3°P(p, ) reaction rates are decreased by a factor of
100. They also find that only the 3°Si abundance changes by
significant amounts if the 3°P(p, ~) reaction rates are
increased by a factor of 100 (Table 2, José et al. 2001). Note
that the ONe nova models considered in the present work
(Table 1) are different from the one adopted in José et al.
(2001). Nevertheless, for 3°P(p, ) reaction-rate variations,
we find qualitative and quantitative agreement with José et
al. (2001) for all ONe nova models, as can be seen from
Tables 5-11 (see also Fig. 3d).

6. SUMMARY AND CONCLUSIONS

In the present work, we have investigated the effects of
thermonuclear reaction-rate uncertainties on nova nucleo-
synthesis. One-zone nucleosynthesis calculations have
been performed by adopting temperature-density-time
profiles of the hottest hydrogen-burning zone from seven
different, recent hydrodynamic nova simulations
(Politano et al. 1995; José & Hernanz 1998; José et al.
1999; S. Starrfield et al. 2002, in preparation). The
adopted nova models cover peak temperatures in the
range of Tpea = 0.145-0.418 GK (Table 1). For each of
these temperature-density-time profiles, we have individu-
ally varied the rates of 175 reactions within their associ-
ated errors (Table 3) and analyzed the resulting
abundance changes of 142 isotopes in the mass range
below A4 =40. In total, we performed ~7350 reaction

network calculations. We use the most recent thermo-
nuclear reaction-rate evaluations for the mass ranges
A =1-20 (Angulo et al. 1999) and A = 20-40 (Iliadis
et al. 2001). Results are presented in tabular form for
each adopted nova simulation (Tables 5-11). Figure 3
displays the results of reaction-rate variations for a
few selected cases. We find that present reaction-
rate estimates are reliable for predictions of Li, Be, C,
and N abundances in nova nucleosynthesis. However,
uncertainties in the rates of several reactions have to
be reduced significantly in order to predict more reli-
able O, F, Ne, Na, Mg, Al, Si, S, CI, and Ar
abundances.

It is important to emphasize how to interpret the results
of the present work. Hydrodynamic nova model calcula-
tions clearly show that typically only the outer layers of the
envelope, not the deepest layers of the hydrogen-burning
shell, are ejected after the thermonuclear runaway. The
ejected layers are enriched, through convective mixing, with
the products of the inner hydrogen-burning shell. From
these considerations, it is clear that our calculations are
unsuitable for defining absolute isotopic abundances result-
ing from nova nucleosynthesis, since our one-zone calcula-
tions necessarily ignore convection (§ 2). Nevertheless, our
procedure is adequate for exploring the effects of reaction-
rate uncertainties on abundance changes in the hottest
hydrogen-burning zone, i.e., the region in which most of the
nucleosynthesis takes place. It follows, therefore, that our
final abundances (Table 4) should be compared with neither
elemental abundances observed in nova ejecta nor results
from hydrodynamic model calculations. We would also like
to stress the following point. If a particular reaction-rate
variation has insignificant effects on isotopic abundances in
our calculations, then it is most likely that a full hydro-
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TABLE 10

FINAL ABUNDANCE CHANGES X; /X rec RESULTING FROM REACTION-RATE VARIATIONS FOR
CONova MoDEL JH 1 (Tpeax = 0.145 GK)

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
SHe(a, v)Be........... 3He 0.15 2.3
"Be 0.30 1.2
BN(p, HH0........... 13¢c 0.85 1.2
UN(p, »P0........... 2c 1.60 0.59
3¢ 1.5 0.67
4N 0.86 1.1
ISN 1.8 0.58
10(p, YF............ 160 0.80 1.2
170 1.7 0.54
I8p 1.7 0.55
R 1.6 0.55
T0(p, y)I¥F............ 170 0.59 0.91 1.0 1.0
I8 5.8 1.9 0.53 0.11
F 5.9 1.9 0.53 0.11
7O(p, )“N........... 4N 1.0 1.0 0.93 0.86
170 0.050 0.39 2.0 4.3
I8 0.053 0.39 2.1 4.5
F 0.057 0.42 2.0 4.1
I8F(p, 1)Ne.......... F e 8.6 1.9 0.58 0.25
BE(p, )P0 ........... I8 0.010 0.10 0.50 2.0 10.0
R 0.010 0.10 0.51 2.0 10.0
YF(p, 2)!O ........... E 0.52 2.0
20Ne(p, v)*'Na. ....... 2INe 2.0 0.50
22Na 2.9 0.49
2INe(p, 7)*Na ....... 2INe e . 0.50 2.0
22Ne(p, 7)*Na ....... 20Ne 2.3 1.3 1.0 1.0
2INe 2.3 1.3 1.0 1.0
22Ne 0.036 0.72 0.96 1.0
22Na 2.3 1.3 1.0 1.0
BNa 5.9 6.9 1.9 0.56
2Mg 6.3 6.7 1.8 0.54
Mg 2.3 1.3 1.0 0.98
26041 2.0 1.2 1.1 1.0
2TA1 1.2 1.0 1.0 1.0
2INa(p, v)2Mg....... 2INe 0.87 1.0 1.0 1.0 1.0 1.0
22Na(p, 7)*Mg....... 22Na . .. 0.58 1.7 .. .
BNa(p, 7)*Mg....... BNa 0.31 0.79 1.1 1.3 1.3
2Mg 3.2 L.5 0.55 0.12 0.013
Mg 1.2 1.0 0.98 1.0 1.0
2Na(p, @) Ne....... 2Na 0.58 1.6
2Mg 0.55 1.5
2Mg(p, 7)*°AlE ...... 20A] 1.9 0.52
21A1 . 1.3 0.88
20Mg(p, 7)?"Al........ 26Mg 0.091 0.72 1.2
2TAl 1.6 1.2 0.88
20A18(p, 7)*"Si......... 20A1 0.10 0.59 1.4
21A1 1.2 1.1 0.90
ZIA1(p, 1)*Si.......... 27Al ... 074 12 s
Si(p, )*P..... 30Si e 1.2 1.0 1.0 1.0 e
BS(p, y)3*Cl............ 33 0.71 1.0 1.0 1.0 1.0 1.0
HS(p, v)3Cl........... 38 0.71 1.0 1.0 1.0 1.0 1.0
3¢l 3.1 1.2 1.1 1.0 1.0 1.0
BAr(p, 7)Y K.......... ITAr 1.8 0.62

NoTE.—See § 4 for an explanation of the quantities listed here

dynamic model calculation will yield a similar result. How-
ever, the reverse statement is not necessarily correct, i.e., if
we find significant abundance changes as a result of a partic-
ular reaction-rate variation, then a full hydrodynamic
model calculation might not produce significant effects.
Clearly, our work does not represent the final answer to the

question of which reactions should be targets for future
measurements but should be regarded as a first step in that
direction.

In Table 12 we qualitatively summarize some of our
results. The table lists isotopes whose abundances change
by more than a factor of 2 in at least one of the nova



Nova MopiL JH 2 (Tpeax = 0.170 GK)

TABLE 11
FINAL ABUNDANCE CHANGES X;/X; rec RESULTING FROM REACTION-RATE VARIATIONS FOR CO

REACTION RATE MULTIPLIED BY

REACTION ISOTOPE i 100 10 2 0.5 0.1 0.01
3He(at, 7)"Bennnn... 3He 019 2.1
"Be 1.3 0.66
"Be . 0.41 2.2 ..
Be 0.80 0.98 1.0 1.0
3¢ 0.86 1.1
2c 1.4 0.65
3¢ 1.2 0.76
5N 1.6 0.64
I5N(p, )!2Coo... EN 049 2.1
160(p, 1) TF oo 160 079 12
170 1.8 0.55
18 1.7 0.53
3 1.7 0.55
10(p, 7)8F oo 170 055 090 LI 1.1
Bp 5.2 1.8 0.51 0.11
3 5.5 1.8 0.52 0.11
70(p, a)N............ 170 0.035 0.48 1.6 2.4
I8p 0.036 0.48 1.5 2.3
R 0.048 0.52 1.5 2.2
18F(p, ’y)lgNe 3 . 9.1 1.9 0.55 0.20 o
BE(p, )50 oo 18R 0011 011 051 19 94 78
R 0.010 0.10 0.48 2.0 10 82
19F(p, )60 oo 19F 058 18
20Ne(p, 7)*'Na 2INe 2.0 0.48
22Na 2.0 0.50
2INe(p, 7)*Na ........ 2INe .. . 0.52 1.8 .
2Ne(p, 7)*Na......... 20Ne 43 2.1 L1 092 086
2INe 4.4 2.1 1.1 0.92 0.84
22Na 4.4 2.0 1.1 0.92 0.86
22Ne 0.0085 0.65 0.96 1.0 1.0
2Na 1.4 6.7 1.9 0.52 0.14
2Mg 1.4 6.2 1.8 0.51 0.13
Mg 5.2 2.6 1.2 0.92 0.80
2641 4.8 2.1 1.1 0.94 0.87
20Mg 2.8 1.5 1.1 0.94 0.94
271A1 3.2 1.5 1.1 0.97 0.95
22Na(p, 7)*Mg........ 22Na ... 0.59 1.7 .. ..
BNa(p, 7)*Mg........ 20Ne 088 096 1.0 1.0 1.0
2INe 0.88 0.96 1.0 1.0 1.0
22Na 0.88 0.97 1.0 1.0 1.0
2Na 0.37 0.86 1.1 1.2 1.3
Mg 3.5 1.6 0.54 0.12 0.013
25Mg 1.5 1.2 0.92 0.80 0.76
20A] 1.4 1.1 0.94 0.87 0.87
260Mg 1.2 1.1 0.94 0.89 0.89
271A1 1.2 1.0 0.97 0.95 0.93
BNa(p, ®)®Ne......... 2Na 0.62 1.5
2Mg 058 1.5
Mg 092 12
2Mg(p, 7)*ALE ... %Mg 072 12
20A] 1.6 0.58
26Mg 089 11
21A1 1.4 0.73
BMg(p, v)2CAI™ ... 20Mg . 1.4 0.72
26Mg(p, )VAl......... 26Mg 0072 043 17
26A15(p, v)*"Si.......... 20A] 0.048 0.45 1.7
271A1 1.2 1.1 0.83
26A1M(p, v)27Si Mg 0.56 0.83 0.94 1.0 1.0 1.0
Si(p, 7)30P i 045 094 1.1 1.1
3054 o 1.7 1.2 1.0 0.92 S
3S(p, P)HCl. ... 33 0.38 094 1.0 1.0 1.0 1.0
34S(p, 7)35CI oo 34g 0.40 092 10 10 1.0 1.0
35C1 54 1.6 1.1 1.0 1.0 1.0

NotEe.—See § 4 for an explanation of the quantities listed here.
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TABLE 12

INFLUENCE OF REACTION-RATE VARIATIONS ON [SOTOPIC ABUNDANCES IN
NovA NUCLEOSYNTHESIS?

Reaction-Rate

Variation® Isotopic Abundance Change®
CO Nova Models
70(p, 1)8F ..o ISp
70(p, a)'*N 170, I8F
BE(p, a)150 18
2Ne(p,7)*Na...... 22Ne, 23Na, 2Mg, Mg, 20Al
BNa(p, 7)*Mg....... 2Mg
2Mg(p, Y)¥’Al....... Mg
ZGAIg(p, ’7)27Si ......... 26A1
ONe Nova Models
70(p, 1)8F oo 170, 18
70(p, a)*N........... 170, 8F
F(p, v)"¥Ne.......... 170, 18F
BF(p, )"0 ........... 160,170, 8F
2INa(p, 7)**Mg...... 2INe, 2Na, 22Ne
ZNe(p, 7)*Na....... 2Ne
ZNa(p, 7)**Mg....... 20Ne, 2'Ne, 22Na, 23Na, 2Mg, Mg, 2Mg, 20A1, 77Al
20Ne, 2INe, 2Na, 23Na, Mg
26Mg
2041
26Mg
si

3OSi, SZS’ 33S, 34S, 35Cl, 37Cl, 36Ar, 37Ar, 38Ar
3357 345, BSC]’ 36AT
335
34S, 35C1, 36AT

38(p, 1)¥Cl ...
3#Cl(p, 7)**Ar......... 34g

STAr(p, 7)¥K.......... C1, YAr, BAr
BK(p,7)¥Ca.......... BAL

2 The table provides only a qualitative overview for some of our results;
see Tables 5-11 and § 5 for complete quantitative results.

b Only those reactions are listed that have a significant influence on iso-
topic abundances in at least one of the nova models considered in the
present work (Table 1).

¢ Only those isotopes are listed whose abundances change by more than
a factor of 2 as a result of varying the corresponding reaction rates within
their adopted errors (Table 3).

models considered here as a result of varying a particular
reaction rate within uncertainties. It is striking that for
the vast majority of reactions included in our network
calculations, reaction-rate variations have an insignificant
effect on final isotopic abundances in all nova models.
Instead, final abundances are influenced by variations of
a restricted number of key reaction rates. Closer inspec-
tion of Tables 5-11 also shows that variations of the
same reaction rates in nova models of the same white
dwarf mass (e.g., models Pl and JCH 2 with
Mwp = 1.25 M; or models P2 and S1 with Mwp = 1.35
M) yield quantitatively different changes in final abun-
dances. This is not surprising, since different nova models
assume different initial envelope compositions (Table 2)
and achieve different peak temperatures (Table 1).

It can be seen from Table 12 and from Figure 3 that reac-
tion-rate variations of a few reactions, such as
Na(p, 7)**Mg, *Mg(p, ™AL P(p, ~)’'S, and
3S(p, )**Cl, influence the final abundances of a large num-
ber of isotopes. Consequently, new measurements of these
reactions could significantly reduce uncertainties of isotopic
abundances in nova model calculations. The reader might
be surprised by the fact that certain reactions that were pre-
viously thought to play a role in nova nucleosynthesis
do not appear in Table 12. In agreement with previous
work (Iliadis et al. 1999), we find insignificant isotopic abun-
dance changes as a result of 2’Si(p, 7)2P, 31S(p, 7)*3Cl,
BAr(p, 7)*°K, and ¥Ca(p, v)*'Sc reaction-rate variations
for all nova models. This result has been confirmed by
recent hydrodynamic model calculations (José et al. 2001).
The 15O(cv, )" Ne and "Ne(p, 7)?’Na reactions, which were
thought to cause a breakout of material from the CNO mass
region to the region beyond Ne, are also missing in Table
12. Rate variations for both reactions have only small effects
on final abundances in all nova models, except in model S1,
which achieves the highest peak temperature (7. = 0.418
GK). According to Table 7, an increase of those two reac-
tion rates by a factor of 100 has only a moderate influence
on abundance changes in the mass range below 4 = 20.
However, even for this rather high peak temperature, no
breakout of material from the CNO mass region is
observed. This result has also been confirmed by recent
hydrodynamic model calculations (S. Starrfield et al. 2002,
in preparation). It is also apparent from Tables 5-11 that
(a, v) and (o, p) reactions in general are not important for
nova nucleosynthesis.

Finally, it should be noted that it is difficult to estimate
reliable reaction-rate errors in certain cases. Consider as an
example the ZAl(p, 7)*°Si reaction. In this case, as for most
other reactions involving short-lived target nuclei, we have
assumed a reaction-rate error of a factor of 100 up and
down (§ 3.3, Table 3). An inspection of Tables 5-11 reveals
only small abundance changes (within a factor of 2) as a
result of varying the corresponding reaction rates within a
factor of 100. However, for this particular case we have only
limited experimental information regarding the energies of
unobserved low-energy resonances (Iliadis et al. 1996).
Depending on the location of these resonances, the
ZAl(p, v)*Si reaction rates could increase by much more
than 2 orders of magnitude. As a consequence, the 20Al
abundance will decrease significantly in all ONe nova
models. Although not listed in Table 12, it is clear from this
discussion that measurements of reactions such as
BAl(p, v)*Si are also desirable in order to improve predic-
tions of nova nucleosynthesis.
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