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Figure 1: The solar neutrino spectrum calculated by the BP98 standard solar
model [4]. Several tens of billions of solar neutrinos traverse a square cm of the
earth each second.
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intereszing nucleosynthesis aspects are expected from the NeNa and the Mgal cycles, which are
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Figure 12. Nucleosynthesis of CNO isotopes during a nova explosion.
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Explosive lithium production in the classical nova
V339 Del (Nova Delphini 2013)

Akito Tajitsu', Kozo Sadakane?, Hiroyuki Naito™*, Akira Arai>® & Wako Aoki’

The origin of lithium (Li) and its production process have long been
uncertain. Li could be produced by Big Bang nucleosynthesis, inter-
actions of energetic cosmic rays with interstellar matter, evolved low-
mass stars, novae, and supernova explosions. Chemical evolution models
and observed stellar Li abundances suggest that at least half the Li may
have been produced in red giants, asymptotic giant branch (AGB)
stars, and novae'~. No direct evidence, however, for the supply of Li
from evolved stellar objects to the Galactic medium has hitherto been
found. Here we report the detection of highly blue-shifted resonance
lines of the singly ionized radioactive isotope of beryllium, “Be, in the
near-ultraviolet spectra of the classical nova V339 Del (Nova Delphini
2013) 38 to 48 days after the explosion. "Be decays to form ’Li withina
short time (half-life of 53.22 days"). The "Be was created during the
nova explosion via the alpha-capture reaction *He(a,y)”Be (ref. 5). This
result supports the theoretical prediction that a significant amount
of "Li is produced in classical nova explosions.

V339 Del (Nova Delphini 2013) is a classical nova that was discover-
ed as a bright 6.8-magnitude (unfiltered) source on 2013 August 14.584
Universal Time (ur)®. 40 h after the discovery, a maximum was reached
on August 16.25 (Modified Julian Day (M]D) = 56,520.25) at 4.3 mag-
nitude in the Johnson V-band’. Then, it began a normal decline.

High-resolution spectra (resolving power R = 90,000-60,000) of
V339 Del were obtained at four epochs after its outburst (+38d, +47d,
+48d, and +52d). These spectra contain a series of broad emission
lines originating from neutral hydrogen (H 1, Balmer series) and other
permitted transitions of neutral or singly ionized species (for example,
Fe 1, He 1and Ca 11). These emission lines are usually seen in post-outburst
spectra of classical novae. Most of these broad emission lines are accom-
panied by sharp and blue-shifted multiple absorption lines at their blue
edges. The typical radial velocity (v,,4) of these highly blue-shifted absorp-
tion lines is about —1,000kms . Figure la and b display the spectrum
obtained at +47d in the vicinities of the H 5 and Ca11 K lines, respect-
ively. The H 1line is accompanied by a broad emission with a full-width
at half-maximum (FWHM) of ~1,300kms ! centred at a radial
velocity of v,,q=0kms '. The Can K (and H) has a weak but broad
emission and strong absorption components caused by the interstellar
absorptions. In addition to these profiles around the rest positions of
both lines, two sharp absorption components are found at v,y = — 1,268
+2kms 'and ~1,103* Lkms . Thelatter seems to be stronger than
the former. Such absorption line systems have been found in post-out-
burst spectra of several classical novae®. The absorption line systems in
V339 Del contain numerous transitions originating from singly ionized
iron-group species (Fe11, Tit, Cri, Mn 11 and Nin). The depths of all
blue-shifted absorption lines in V339 Del are only about 25% or less
of the continuum level, while the bottoms of some strong lines (for
example, the Balmer lines; see Extended Data Fig. 2) have flat features,
suggesting that the absorption is saturated. These observational results
can be interpreted as the effect of absorbing materials partially cover-
ing the background light source. There are no Na1 D doublet lines (at

588.995 nm and 589.592 nm), which are often found to be the strongest
absorption features in novae within a few weeks after their outbursts®'",
We interpret this as indicating that the ejected gas has evolved into a
higher ionization stage before our observing epochs (5-7 weeks after
the explosion). The observed spectral energy distribution of this nova
indicates that the shape of the continuous radiation had entered a very
hot stage (effective temperature >100,000 K) within 5 weeks after the
explosion'’. Other observed characteristics of this nova (for example,
light curves, optical and ultraviolet emission lines) show that it is a typlual
Fe 1l nova with a carbon-oxygen (CO) white dwarf'*!,

In these absorption line systems, we noticed two 1ema1'kable pairs
of absorption features near 312 nm. These correspond to the absorption
components originating from transitions at ~313 nm. These pairs are
marked A, B and C, D, respectively, in Fig. 1c. Adoptulg the wavelengths
of the resonance doublet lines"""* of singly ionized “Be at 313.0583 nm
and 313.1228 nm, we find that features A and B coincide with the
—1,103kms ' components of the 313.0583 nm and 313.1228 nm lines,
respectively. Similarly, features Cand D coincide with the —1,268 km s
components of these two lines. Separations in wavelength between
features A and B and between features C and D are consistent with the
separation between the doublet lines within the measurement uncertain-
ties. Figure ld illustrates these coincidences on the velocity scale. The high
resolution of the spectrum (~0.0052 nm) means that we can clearly dis-
tinguish them from the doublet of “Be 11at 313.0422 nm and 313.1067 nm
(ref. 14). After ruling out the possibility of alternative identifications, we
conclude that these absorption features at 312 nm are caused by “Be, and
not by “Be (the only stable isotope of Be). Original *Be contained in the
progenitor star would have been depleted during its evolution because
this isotope is destroyed at temperatures T>3 X 10°K. On the other
hand, production of the unstable isotope “Be by the reaction *He(2, )’ Be
in nova explosions has been theoretically predicted''. »

The transition probability of the “Be 11 line at 313.0583 nm (log(gf) =
—0.178, where g is the statistical weight of the lower level and f is the
oscillator strength of the transition) is twice as large as that of the "Be
line at 313.1228 nm (log(g) = —0.479)"". Owing to saturation effects,
the ratio of their equivalent widths is expected to be in the range between
2 (no saturation) and 1 (complete saturation). The measured ratios are
1.1 + 0.3 and 1.6 = 0.4 for the components at v,y = —1,268kms ' and
—1,103kms ', respectively. These are within the range expected for the
doublet, although the values contain some errors (within +25%), mainly
because of the uncertainty in the continuum placement. The weaker
component at v,q = —1,268 kms ' has a ratio closer to complete sat-
uration. This can be interpreted as resulting from the tact that the absorb-
ing gas cloud moving with v,y = —1,268kms ' has a smaller covering
factor, and at the same time, a higher column density of "Be ions than the
gas cloud moving with v,y = —1,103kms '

Figure 2 displays the velocity plots of normalized spectra for different
species of the absorption line systems at four observing epochs from
+38d to +52 d after the explosion. On day +38, the "Be 11 doublet has

!Subaru Telescope, National Astronomical Observatory of Japan, 650 North A'ohoku Place, Hilo, Hawail 96720, USA. “Astronomical Institute, Osaka Kyoiku University, Asahigaoka, Kashiwara, Osaka 582-
8582, Japan. *Graduate School of Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8602, Japan. “Nayoro Observatory, 157-1 Nisshin, Nayoro, Hokkaido 096-0066, Japan. *Center for
Astronomy, University of Hyogo. Sayo-cho, Hyogo 679-5313, Japan. ®Koyama Astronomical Observatory, Kyoto Sangyo University, Motoyama, Kamigamo, Kita-ku. Kyoto 603-8555, Japan. "National

Astronomical Observatory of Japan, 2-21-1 Osawa, Milaka, Tokyo 181-8588, Japan.
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species at four observing epochs are plotted on the velocity scale. All lines are
normalized to the local continuum. Blue-shifted absorption components
observed at each epoch are indicated by vertical dashed lines. The identified line

over a long lifetime. Candidates for this, such as low-mass red giants
or novae, have been proposed to be major sources of ’Li production
(more than half of the Solar System Li, as measured in meteorites) in
the Galaxy'~. The production of “Li in low-mass stars has been theo-
retically studied**~*’, and Li-enhanced red giants and AGB stars have
indeed been identified*". The contribution to Li enrichment in the Galaxy
by these objects has, however, not been confirmed. This is because the
Li-rich phase in these stars might be of quite limited duration and the
contribution is dependent upon the mass-loss rate of such objects. Nova
eruptions involve a long delay time before working as stellar ’Li facto-
ries. This is because *He-rich low-mass secondaries are necessary to
produce "Be efficiently via the *He(w, 7)"Be reaction'®. It is important
to know whether this phenomenon is common among classical novae
to quantify their contribution to the rapid increase of Li in the Galaxy.
Since V339 Del appears to be one of the ordinary Fe 11 type novae that
occupy ~60% of all classical novae'?, the ‘Be production found in this
object might be occurring in many classical novae. Our successful detec-
tion of "Be in V339 Del indicates that measurements of the “Be lines in
the near-ultraviolet range for post-outburst novae within the lifetime
of this isotope is a powerful way to estimate the contribution of novae
to the chemical evolution of lithium in the Galaxy.

Online Content Methods, along with any additional Extended Data display items

and Source Data, are available in the online version of the paper; references unique
to these sections appear only in the online paper.
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METHODS

Discovery. V339 Del (Nova Delphini 2013) is a classical nova that was discovered as a
bright 6.8 magnitude (unfiltered) source by Koichi Itagaki on 2013 August 14.584 ut
and announced in the American Association of Variable Star Observers (AAVSO)
Alert Notice". Its progenitor is estimated to be a blue star (USNO B-1 1107-0509795)
with 17.20 magnitude in the Johnson B-band, and 17.45 magnitude in the Cousins
Re-band on the first Palomar Sky Survey Plates (exposed on 1951 July 7), and with
B = 17.39, R = 17.74 on the second Palomar Sky Survey plates (exposed on 1990
July 18 and September 15, respectively)*'. No significant changes were found in its
photometric behaviour for at least a few years before the outburst™. On an unfiltered
pre-discovery image obtained on 2013 August 13.998 uT, the object was still at
17.1 mag (ref. 33). This means that the object was still in quiescence until at least
14 h before its discovery, and that it showed a very fast rise to the maximum. After
40h from the discovery, maximum was reached on Aug 16.25 (MJD = 56,520.25) at
V=43 (rel. 7). Then, it began a normal decline. The nova had been detected as a
transient high-energy gamma-ray (*>100 MeV) source within about 10 days after the
outburst*. Angular sizes of the expanding shell around the nova had been monitored
until about day +40 using near-infrared interferomelric observations*. T'hen, incor-
porating the expansion velocity obtained in the optical region, the distance to the
nova was derived as 4.54 = 0.59 kiloparsecs from the Sun.
Observations and data reduction. The post-outburst spectra of V339 Del were
obtained using the High Dispersion Spectrograph (HDS)* of the 8.2 m Subaru Tele-
scope at four epochs from 2013 September 23 to October 7 (+38d, +47d, +48d
and +52 d after the maximum). According to the AAVSO light curves (see Extended
Data Fig. 1), our first observation was just before the start of the rapid decline in
optical magnitudes by dust formation™. The following three were obtained during
the continuous decline. We obtained spectra under three configurations of the spec-
trograph, which cover the wavelength regions from 303 nm to 463 nm, from 411 nm
to 686 nm, and from 667 nm to 936 nm. The spectral resolving power was sel to
R=90,000 or 60,000 with 0.4” (0.2 mm) or 0.6” (0.3 mm) slit widths, respectively.
The exact times and wavelength ranges of obtained spectra are summarized in Ex-
tended Data Table 1. Data reduction was carried out using the Image Reduction and
Analysis Facility (IRAF) software in a standard manner. The nonlinearity in the
detectors was corrected by the method described in ref. 38. The wavelength cal-
ibration was performed using a Th-Ar comparison spectrum and the typical residual
in wavelength calibration is about 10 *nm (~0.1 kms ') or less for each spectro-
gmph configuration. The typical systemic variance of the spectrograph is about
10" nm or less per hour. We also examined the accuracy of radial velocity deter-
mination in our measurement using the identified iron-group transitions in the range
315-351 nm. For the spectrum obtained at day +38, the velocity of the strongest
component in the absorption line system was —996.1 = 0.7kms ', determined by
Gaussian fittings. In l()ldl we concluded that the residual in our velocity scale deter-
mination was +1kms . Spectrophotometric calibration was performed using the
spectrum of BD+28 4211 (ref. 39), obtained at nearly the same nova altitude on the
same nights. All spectra were converted to the heliocentric scale. A correction for
interstellar extinction has not been applied. The average signal-to-noise ratio in the
spectra obtained at four epochs is ~140 at ~312 nm, where we found the “Be lines,
Highly blue-shifted absorption line system. The spectra of V339 Del exhibit a
series of broad Fe 1l emission lines, which indicate that the object is a typical Fen
type nova'?, Since no strong emission originating from Ne is found in the spectrum
evenat day +52, the white dwarf in the system is supposed to be a CO white dwarf**,
Extended Data Fig. 2a displays the radial velocity profiles of three Fe 1t belonging
to the same multiplet number (42) in the spectrum of day +38. The absorption
line system on day + 38 clearly consists of five components at v,y = —954kms ',
—968kms ', —985kms ', —996kms ! and —1,043kms ", asindicated by the
dashed lines in Extended Data Fig. 2b. Similarly, blue-shifted absorption compo-
nents are found in Balmer lines (Extended Data Fig. 2¢) and also in other permitted
lines (Cant H and K, He1at 587.6 nm). In the near-ultraviolet range, numerous ab-
sorption lines in the complex continuum are identified as the transitions of singly
ionized iron-group species. Most of them belong to the absorption line systems
found in the visual region (Extended Data Fig. 3). We applied a Doppler correction
using the radial velocity of the strongest blue-shifted absorption line in the system
to identify sources of transitions (see Extended Data Fig. 3b). We use the velocities
for Doppler correctionsas v 3 = —996 kms ',v, 7= —1,103kms ', and v, a8 =
—1L,120kms ' for days +38, +47, and +48, respectively (in Extended Data Figs 3b
and 4a-c). All of the identified transitions originate from levels of low excitation
potential (
the continuum, whereas the bottoms of some strong Fe 1t and Balmer lines show flat
structures. These observations suggest that the saturated absorption lines are created
by clouds of absorbing gas, which cover only about 25% of the continuum-emitting
region.
Very similar short-lived blue-shifted metallic absorption systems have been re-
ported in post-outburst spectra of several classical novae (such as the Transient

< 4eV), The residual intensity at the bottom of these lines exceeds 75% of
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Heavy Element Absorption; THEA®), In particular, the g great majority of novae show
strong blue-shifted (400-1,000kms ') multiple absorption components in the
Na1 D doublet in the days following their outbursts. In the very slow nova V1280 Sco,
multiple high-velocity (700-900kms ) absorption components were found in the
Nat D doublet even 800 days after its maximum®. Although no absorption com-
ponent of the Na1 D is found at any epoch of our observations of V339 Del, other
characteristics of the absorption line systems found in V339 Del are quite similar to
those of the THEAs in other novae. They are (1) highly blue-shifted (~1,000kms "),
(2) divided into several velocity components, (3) time variable in their shapes and
velocities, and (4) short-lived (2-8 weeks).

Contamination of the "Be 11 doublet. We carefully inspected possible contamina-
tions of absorption lines originating from other species to the “Be 1t lines, consulting
the atomic line database'. Extended Data Fig. 4 displays the spectra in the vicinity
of the "Be 1t doublet obtained at four epochs of our observations. On the spectrum
obtained at day -+47, there are no candidates that could contaminate the — 1,103 kms '
orthe —1,268 kms ' components of "Be 11 at 313,1228 nm, which we use in our "Be
abundance estimation (see in Extended Data Fig. 4-b).

Al this epoch, the other line of the “Be doublet at 313.0583 nm may be conta-
minated by sume lines originating from iron- group species. We estimate that the
—1,268kms ' component of Cr 11 (5) at 313.205 nm (log( gf) = +0.079) may con-
taminate the —1,103kms ' component of this “Be line. The influence of this
contamination can be evaluated by applying the line strength ratio between the pair
of velocity components of Cr11 (5) at 312497 nm (log(gf) = +0.018) to that of Cr 11
(5) at 313.205nm. It is quite small compared with the strength of the “Belt line
(<< 5%). Concerning the —1,268kms ' component of this "Be 1 line, we conclude
that the weak lines of Fe11 (96) at 312.901 nm (log(gf) = —2.70) and Cr1 (5) at
312.869 nm (log(gf) = —0.32) do not contaminate severely. This is because similar
weak lines of Fe 11 (82) at 313.536 nm (log(gf) = —1.13) and Cr11 (5) at 313.668 nm
(log(g) = —0.25) had completely disappeared until day +47. We can neglect the
contamination from the V 11 (1) line at 313.0257 nm (log(gh = —0.29), because the
other V11 (1) line at 312.621 nm (log(gf) = —0.27) is not detected on our - spectra.

’Be abundance estimation. We empirically estimate the abundance of Be in the
absorbing gas by comparing the equivalent widths of the “Be 11 line with those of
the Ca 1t Kline that are the similar transitions on the atomic energy level diagrams.
We assume that the covering factor of the absorbing gas cloud to the background
illuminating source has no wavelength dependence. This method could be a simple
and robust way to estimate the abundance ratio independently of ejecta models for
nova explosions. The estimate, however, includes some uncertainties. One is the
difference in the ionization potentials between Be (the first and second ionization
potentials; [} =9.32eV, L, =1821eV)and Ca (I, = 6.11¢eV, [, = 11.87 eV)" that
could result in a difference of ionization states between Be and Ca. However, all
of the iron-peak elements (T to Fe) found in the absorption line systems that have
ionization potentials (I, = 6.75-7.90 eV, I, = 13.58-18.12 eV) intermediate between
those of Be and Ca, are observed only in singly ionized states, suggesting that
dominant fractions of Be and Ca are in the singly ionized states, too. In the spectra
obtained, we could not find any resonance lines of Sr 11 or Ba 1, which correspond to
those of Be rand Ca 11. The St/Ca and the Ba/Ca number ratios would be quite small,
as seen in the solar abundance (much less than 0.001). Another uncertainty is the
X(Ca) in the absorption line system. Our assumption that the absorbing gas has the
solar X(Ca) should not be far from reality, because the theoretical analysis predicts no
overabundance of elements with the mass number >30in ejecta of CO novae®. We
remark that our “Be abundance esumdlum is carried out using the data obtained at
day +47, which is close to the half-life of "Be (53.22 days). Therefore, the abundance
of the freshly produced "Li in this nova explosion could be twice as high as the X("Be)
on day +47.
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Extended Data Table 1 | Journal of HDS observations of V339 Del

LETTER

Date  UT" MID Exposure ~ Range  Resolution
2013 (h m) (s) (nm)

Sep 23 616 56,558.261 (+38 d)T 720  411-686 90,000

812 56,558.342 900 667-936 90,000

1007 56,558.423 3,000 303-463 90,000

Oct 02 502 56,567.210 (+47 d)T 3,000 303-463 60,000

629 56,567.271 600 411-686 90,000

718 56,567.305 900 667-936 90,000

Oct 03 921 56,568.390 (+48 d)Jr 3,000 303-463 60,000

Oct 07 505 56,572.212  (+52 d)ur 4,800 303-463 60,000

747 56,572.324 960 411-686 90,000

817 56,572.346 1,500 667-936 90,000

* UT is the universal time at the start of an exposure.
TDays after the optical (V ) maximum (MJD = 56,520.25).

©2015 Macmillan Publishers Limited. All rights reserved
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ABSTRACT

We present early high resolution spectroscopic observations of the nova V1369 Cen. We have detected an
absorption feature at 6695.6 A that we have identified as blue-shifted 7Li | 06708 A. The absorption line,
moving at -550 km/s, was observed in five high-resol ution spectra of the nova obtained at different epochs. On
the basis of the intensity of this absorption line we infer that a single nova outburst can inject in the Galaxy
My =03-480101 Mp. Given the current estimates of Galactic nova rate, this amount is sufficient to
explain the puzzling origin of the overabundance of Lithium observed in young star populations.

Keywords: novae, cataclysmic variables — Galaxy: abundances

1. INTRODUCTION

The light elements Deuterium, 3-Helium, 4-Helium, and
7-Lithium are synthesized in non-negligible amounts during
the first few minutes of the initial cosmic expansion (Kolb &
Turner 1990). For Big-Bang Nucleosynthesis in the standard
model of cosmology and particle physics (SBBN), the pre-
dicted abundances for these elements depends only on one pa
rameter, the baryon-to-photon density ratio. Recently, Planck
data have determined the baryon density to excellent preci-
sion, leading to a primordial lithium abundance in the range

lucaizzo@icra.it - luca.izzo@gmail.com

A(Li) = 2:66- 2:73" (Coc et a. 2014). This value is signif-
icantly larger than A(Li) O 2:1- 2:3 obtained for old metal-
poor ([Fe/H] O - 1:4) hao stars, whose distribution in the
Lithium abundance — metallicity diagram is amost flat, and
defines the so—called " Spite plateau” (Spite & Spite 1982;
Bonifacio et d. 2007). These stars were long thought to share
a common, primordial, Li abundance. The discrepancy may
be explained by diffusion and turbulent mixing in the stel-
lar interiors (Korn et a. 2006), which corrodes the primor-
dia Li abundance, and/or by a non-standard BBN scenario
(locco et a. 2009). Yet, another puzzle exists. The abundance

1 A(Li) = |Og10(N7Li=NH) +12
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Figure 2. Spectraof V1369 Cen obtained on day 7, 13 and 21 between 4190
and 4310 A with the identifications of some narrow absorptions lines.

right panel in Fig. 1, no further expanding components are
identified for these heavy elements absorbing systems: the
cross—correlation method provides a minor number of identi-
fications considering a unique expanding velocity of O 1100
km/s. If we consider the presence of both expanding com-
ponents for these heavy elements, the number of acceptable
identifications for the higher vel ocity components is a small
fraction O 1% of the identified lower velocity systems.

Among the many narrow transitions, we have identified
many low-ionization neutral elements transitions (Fe, Ca, K),
al belonging to the one expandi ng absorption system at the
same velocity that observed in ionized heavy o ements, with
the only exception being Na| D lines, which show additional
expanding components from day 11, see Fig. 1. In particular,
we note the clear presence of the resonance transitions of 7L;
| 6708, Cal 4227, and K | 7699, see Fig. 3, dl of them with
an expansion velocity of Vexp O -550 kmV/s, in the spectra of
day 7 to day 18,

2.1. Possible alternative identifications

Here below we discuss several plausible aternatives to our
’Li identification.

1. We can exclude the possibility that this featureisdueto a
diffuse interstellar band (DIB — Herbig 1995; Bondar 2012),
because i) no known DIBs are located at 6695.6 A ; ii) all
observed heavy elements narrow absorptions vanish after O

20 days from the initia outburst when the nova conti nuum
is still bright and DIBs should persist, being related to inter-
stellar medium located in between the background exciting
radiation and the observer; iii) we observe variations in the
observed wavelengths of al these narrow absorptions, an ef-
fect that DIBs do not show.

2. An other possibility that must be considered is whether
the 6695.6 A absorption line is due to metal lines excited by
resonance absorption of UV radiation which isabsorbed in the
iron curtain phase and then reprocessed at longer wavel engths
(Johansson 1983; Shore 2012). For example, each of the reso-
nance transitions of Li, Ca, and K could be alternatively iden-
tified with a transition of Fe or an S-process element at that
wavelength, assuming that they are pumped by UV radiation
(either continuum or lines). Particularly for the Li | 6707.8
A resonance doublet, a possible identification could be Fe
Il 6707.54 A . In this case one should dso expect absorp-
tion features from the same lower energy level configuration
(8d°(°D)5p), and from the same term (4Fo- 4G), which re-
sults in additional 2 other possible transitions (Fell 6769.27,
6811.49 A) in the observed spectra. We have checked for5
their presence in the spectra of day 7 and day 138, but we did
not find any absorption feature corresponding to Fe || 6769.27
and 6811.49 A . This evidence disfavours an UV-pumped ori-
gin for the absorption at 6695.6 A , even if considering the
coupling between the transitions and the gjecta vel ocity field.
Conversely, it supports our initial identification as expanding
Lil 6708 A.

3. We compare the red spectral region of Nova Cen with
the same region observed in GW Ori, a T Tauri star charac-
terized by the presence of Lithium (Bonsack & Greenstein
1960). GW Ori was observed with FEROS and we have se-
lected the observation of 26 November 2010. In Fig. 4 we
show the comparison of these two spectra, after correcting the
nova spectrum for the expanding velocity of Vexp = - 550 ks,
Weclearly see the presencein the GW Ori of broad Cal 6718
A and Li | 6708A giving more support to the identification
of absorptions at 6695.6 A and 6705.3 A detected in V1369,
with Li | 6708 and Cal 6718.

® we consider all 0 = jOgps - Djanj O 0.4A.

6 these epochs corresponds to the first two FEROS observations, which
show the largest number of narrow absorptions, due also to a greater resolu-
tion, in our entire spectral database
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therefore fast novag, which can form O 30% of the nova pop-
ulation of the Milky Way (Della Valle & Duerbeck 1993),
should contribute only marginally to the global “Li yield. The
above reported range of lithium mass decreasesto Mot 0 17
Mp /Gyr, for arate of "slow” novae of 15-24 events/year, in
good agresment with the theoretical predictions (José & Her-
nanz 1998).

In Fig. 5 it is shown the A(Li) vs. [Fe/H] observed re-
lation compared with Galactic chemical evolution mode! re-
sults. The Galactic chemica evolution model used is an up-
dated version of the chemical evolution model of Romano
et al. (1999, 2001), that is based on the two-infall model of
Chiappini et a. (1997), and that includes AGB stars (Karakas
2010), super-AGB stars (Doherty et al. 2014a), Galactic cos-
mic rays (Lemoine et a. 1998) and novae, as Li producers.
In this model, the Galactic inner halo and thick disc form
by accretion of gas of primordial chemical composition on
ashort timescale (O 1 Gyr). The gasis efficiently turned into
stars as long as its density is above a critical threshold, below
which the star formation stops. The thin disc forms out of a
second episode of infall of gas of mainly extragalactic origin
on longer timescales (7-8 Gyr in the solar neighborhood) and
with lower star formation efficiency. It is worth emphasizing
that the adopted mass assembly history isconsistent with what
is obtained for Milky Way-like galaxies in a full cosmologi-
cal framework (Colavitti et a. 2008). The black continuous
linein Fig. 5 isthe best fit to the data obtained with a model
with all Li sources, starting from a primordia Li abundance
of A(Li) = 2:3 and by assuming that each "slow" nova (the
adopted current slow novae rate is 17 eventslyr) gjects on an
average M; = 2.55 010 '© My in agreement with the mea-
surement of M = 0.3 - 48010 '° My presented in this pa-
per. The black dashed line shows the predictions of the same
model when a high primordial Li abundance is adopted (see
the Introduction). The red line is the best model with &l Li
factories but novae: it is clearly seen that novae are necessary
to explain the late rise from the plateau value. The grey area
indicates the uncertainties in the model predictions dueto un-
certainties in both the estimated Li yield from novae and the
current slow nova rate; the upper (lower) boundary refers to
the upper (lower) limit to the Li yield estimated in this par
per and a maximum (minimum) current slow nova rate of 24
(15) events/yr. Thelight green areasimilarly indicates the un-
certainties in the model predictions when the maximum and
minimum Li yields from José & Hernanz (1998) are assumed.
Though the two areas partly overlap, it isclearly seen that the
theoretical novayiedstend to underproduce Li in the Galaxy,
while the semi-empirical yields estimated in this paper give
a better match with observed data points. Should the result
presented here be confirmed by further observations of 7Li,
Classical novae would stand as one of the mgjor Li producers
on aGalactic scale.

We thank the referee for her/his constructive com-
ments/criticisms which have improved the paper and Steven
Shore, Marina Orio and Paolo Molaro for useful discussions.
We are grateful to Roland Gredel for DDT programme 091.A-
9032 B. We acknowledge support by project Fondecyt n.
1130849.
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Fig. 5.4 Type II bursts from the Rapid Burster, based on SAS-3 observatlons performed in march
1976. The burst pinpointed with an arrow is actually a type I burst. Image from Lewin (1977) -
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Fig. 5.35 Section of the chart of the nu-
clides between Sc (Z = 21) and Sr (Z = 38)
on the proton-rich side of the stability valley.
The proton dripline according to Audi, Wap-
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solid line. All displayed nuclides are unsta-
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less than Ty, =~ 3 s. Nuclides with negative
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circles (waiting point nuclei)l The solid tri-
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