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Motivation

After the big bang nucleosynthesis the universe consisted mainly 
of Hydrogen and Helium. This elemental composition was altered 
by stars through fusion. At some point fusion stops being efficient, 
so that higher elements can only be produced by neutron capture 
(Figure 1). One site for this to take place is in AGB stars 
(Asymptotic Giant Branch Stars) with the s-process (slow neutron 
capture) [1]. 
The main s-process takes place in the He shell of low mass AGB 
stars in the period between thermal pulses. The driving neutron 
source during this period is the 13C(α,n) reaction. This period is 
referred to as the 13C pocket.
In order to calculate the s-process abundance distribution in stars, 
one needs not only the stellar model but also a complete nuclear 
reaction network, which has to be fed with experimental data. The 
NuGrid collaboration developed a tool to post-process nucleo-
synthesis after the stellar model has been calculated. This way, 
the computing time can be reduced and different reaction 
networks can easily be used with the same stellar model.
Our goal is to develope a tool to identify crucial reaction rates 
which should be measured in future experiments.
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Figure 1: The isotopic abundance distribution in the solar system normalized to 106 Si atoms [2] 
               (BB = Big Bang, NSE = nuclear statistical equilibrium).

densities, resulting in neutron capture times much longer
than typical b-decay half-lives. Accordingly, the s-process
reaction path is restricted to the stability valley, and the s
abundances are determined by the respective (n,c) cross
sections averaged over the stellar neutron spectrum. Cross
sections and s abundances are anti-correlated such that the
small cross sections of nuclei with closed neutron shells give
rise to the sharp s-process maxima in the abundance distri-
bution at A = 88, 140 and 208. This represents an illustra-
tive example for the intimate connection between the
relevant nuclear properties and observed abundances, a
phenomenon that can be used for the quantitative identifi-
cation of the s abundances and for their interpretation in
terms of the physical conditions at the s-process sites.

The r-process counterparts of these maxima are caused
by the effect of neutron shell closure on the b-decay half-
lives. Since the r process occurs in regions of extremely high
neutron density (presumably during stellar explosions
in supernovae) neutron captures are much faster than
b-decays. Therefore, the r-process path is driven off the sta-
bility valley until nuclei with neutron separation energies of
!2 MeV are reached. At these points, (n,c) and (c,n) reac-
tions are in equilibrium, and the reaction flow has to wait
for b-decay to the next higher element. Hence, the primary
r-process yields are proportional to the half-lives of these
waiting point nuclei. Because of the comparably long
half-lives of neutron magic nuclei, r-abundance maxima
develop at magic neutron numbers, resulting in the r-pro-
cess part of the twin peaks in the abundance distribution.
It should be noted that the abundance distribution defined
by the primary yields is smoothed by the effect of b-delayed
neutron emission and by neutron capture during the freeze-
out phase, when the neutron density in the rapidly expand-
ing explosion vanishes rapidly.

While the observed abundances are dominated by the s
and r components, which both account for approximately

50% of the abundances in the mass region A > 60, the rare
proton-rich nuclei cannot be produced by neutron capture
reactions. This minor part of the abundance distribution is
ascribed to the p process that is assumed to occur in the
explosively burning Ne/O layers of supernovae [5,6].

Among these processes, the s process is best accessible to
laboratory experiments as well as by stellar models and
astronomical observations [7]. In contrast, attempts to
describe the explosive r and p processes are hampered by
the large uncertainties in the nuclear physics data far from
stability [8]. If the nuclear reaction and decay rates can be
more reliably constrained [9,10] the respective abundance
distributions can be used for a critical discussion of prob-
lems related to details of the stellar explosion itself, i.e.
whether and to which extent the nucleosynthesis zones
are affected by 3D asymmetries, rotation, and magnetic
fields, effects which are not yet considered in present
r- and p-process models.

3. The case of the s process

3.1. Main and weak component

Early on it was recognized that the s-process abundance
distribution is composed of two parts, a main component,
which requires a high neutron/seed ratio to cover the entire
mass region from Zr to Bi, and a weak component, which
contributes the region from Fe to Sr. The main component
can be assigned to long-lived low mass stars with 1 6M/
M" 6 3 (M" stands for the mass of the sun). In these stars,
the required high neutron exposure is provided by the
13C(a,n)16O reaction in the so-called 13C pocket [11,12].
The weak component occurs mostly in massive stars with
M P 8M", where a smaller neutron exposure is produced
during He burning by the 22Ne(a,n)25Mg reaction [13].
An additional minor contribution from intermediate mass
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Fig. 1. The isotopic abundance distribution in the solar system normalized to 106 Si atoms [4] (BB = Big Bang, NSE = nuclear statistical equilibrium).
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Simulations

A represantative trajectory for the 13C pocket from a three-solar 
mass multizone stellar model was extracted and used for single 
zone simulations. In the simulations all abundances and mass 
flows were saved.

Figure 2 depicts the mass flow for the default rates in a 13C pocket 
in the vicinity of 85Kr. Tracking the mass flow enables an easy 
identification of the s-process path with all significant neutron 
captures, beta decays, neutron-alpha reactions and branchings. 

As the MACS of the branching point 85Kr has a high uncertainty 
(σ=82%) the emphasis was put on finding the effect on the 
branching ratio due to that uncertainty, since the branching ratio 
of 86Kr / 84Kr can be measured directly in presolar grains [3]. 
Simulations with MACS for the upper and lower limit of the 
uncertainty were performed.

1. Motivation

The detection of neutrons within a wide energy 

range is crucial for the understanding of various 

nuclear reactions, like: 

                                                                                                                                                  

• Charge exchange reactions like (p,n), which are 

important for astrophysical network calculations or 

to study collective phenomena like spin-flips of 

exotic nuclei                                                              

• The experimental approach to (α,n) reactions, 

which are the main sources for neutrons in massive 

stars

• Test of shell-model calculations via the study of  

(γ,n) reactions

•  Neutron induced fission experiments

Since those kinds of experiments are often 

operated at small scale accelarators, it is necessary 

to use detectors, which combine the needed 

precision with a compact design.  
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3. LENA

The Low Energy Neutron Detector Array (LENA) was developed for experiments within the 

LAND/R3B setup at GSI by ATOMKI, Debrecen, in cooperation with the Goethe University of 

Frankfurt. In the current setup, it consists of 15 bars, separated in three arrays with five bars each. 

Each bar has a size of 1000x45x10mm³.  The detector position can be adjusted to the 

experimental needs, i.e. the kinematic energy of the neutrons. During testing with a 60Co gamma 

source the time resolution of the detector was calculated of about 0.8 ns, and a position resolution 

of about six cm for a single bar (see Fig.1). A simulation was used to study the efficiency of the 

single LENA bars. Depending on the alignment and the energy of the neutrons, an efficency up to 

60% can be aquired (see Fig.2).

In the 152Sm(p,n) experiment, two of the arrays were placed about one meter from the target and 

one above. They covered a angle of roughly 76 degrees relativ to the incoming beam to measure 

recoil neutrons from the 152Sm(p,n) with an energy in the range of 120 to 220 keV. Preliminary 

results of the ongoing analysis will be shown at the DPG 2012.

2. Neutron Measurement With Scintillation Detectors

Since neutrons do not ionize, they can not be directly measured in scintillation detectors. 

Instead they interact with the protons in the scintillation material via hadronic elastic scattering. 

This is why hydrogen rich materials are prefered for scintillation detectors. The reactions lead 

to a deposition of energy, which is transformed into scintillating light by interaction of the 

recoiled protons with the electrons of the molecules of the material. The photons are detected 

in the photomultiplier, where the signals set electrons free. Those electrons are getting 

multiplied, so that at the anode a current is measured, proportional to the energy of the 

neutron. 

A scintillation detector typically consists of the bar-shaped scintillating material, a 

photomultiplier tube at each end and an epoxy or grease to connect both to provide a sufficient 

lightcoupling. The scintillation material is usually a type of plastic, wrapped in a multilayer 

reflector foil. The whole array is covered with a lightproof layer to reduce noise.

Scintillation detectors combine a high angular granularity with a sufficient time resolution, 

which is typically below 1 ns (see Fig.1). Synced with the good position resolution, this allows 

to measure the time of flight and the emission angle with an adequate precision. Due to the 

uncomplicated design, those detectors can be build specific to the experimental requierments. 

These detectors are capable of measuring low energy neutrons down to roughly about 50keV 

with good efficiencies (see Fig.2). One example for such a detector array is LENA.  

4. Summary

Scintillation detectors are an important tool for the 

measurement of low energy neutrons.

They combine compact physical dimensions with good 

resolutions for both, time and position, for the detection of 

neutrons in the energy range between 50keV und several 

MeV.

The fact, that scintillation detectors can be designed and 

manufacture specific to the experimental needs at low 

costs, make them a perfect choice for scientists, studying 

neutron emitting astrophysical reactions, especially when 

space is limited.

This is for example the case in facilitys like the currently 

constructed FRANZ, where neutrons with high flux and low 

energys are especially of interest.

Figure 2. Simulated response of a LENA module to mono-

energetic neutrons. The neutrons were hitting the detector in the 

center of the 10 mm thin side of the bar perpendicular to the 

surface. Different colors show different threshold. [1]

Figure 1. Response of a LENA test 

assembly to ɣ-rays from a collimated 60Co 

source in the middle of the module can be 

seen. The FWHM is about 1.23 ns for the 

time difference. [1] 

Figure 2: s-process path in the vicinity of the branching point 85Kr. Stable isotopes are distuingished by bold frames.
               The integrated mass flow is plotted for 8 orders of magnitude.

Results

The abundance ratio of 86Kr / 84Kr is very sensitive to the neutron 
capture rate of 85Kr. The uncertainties for all involved isotopes 
along the s-process path around 85Kr were adressed in additional 
simulations. Here we present only the results from the 85Kr 
uncertainties, since they have the highest impact on the final 
abundance distribution.
The abundance ratios are presented in table 1.

s-process path in a 13C pocket of a three solar mass star

Figure 2: The branching point 85Kr [4]

(n,γ)&rate&for&85Kr 86Kr&/&84Kr

&default 1.02

&upper&limit&(1&sigma:&+82%) 1.80

&lower&limit&(1&sigma:&C&82%) 0.19

Table 1: The change in abundance ratios resulting from 
changes of 85Kr (n,γ) rate within the quoted uncertainties.

Conclusion & Outlook

As the beta decay of 85Kr has a half-life time, which is comparable 
to the neutron capture time during s-process conditions, the 
abundance ratio of 86Kr / 84Kr is extremely sensitive to the MACS 
of 85Kr. A change of the MACS of 82% results in a change of the 
abundance ratio of about 80%.

As the ratio 86Kr / 84Kr can be directly measured in presolar grains 
one could in principle get direct information about the s-process 
environment, if experimental data of the 85Kr MACS with smaller 
uncertainties existed. It is therefore crucial to adress this cross 
section in future experiments.

Further sensitivity studies will be performed on other branching 
points for the 13C pocket as well as for the neutron capture during 
thermal pulses with the 22Ne(α,n) reaction as neutron source.
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ton isotopes; in §3 the Kr�G component in
mainstream SiC grains in discussed and in §4 it
is compared with predictions from AGB stellar
models; In §5 we present the main conclusions
of this work.

2. Krypton�S

The lightest Kr isotope, 78Kr, is p�only and is
destroyed by the s�process. 80Kr and 82Kr are
s�only (with a non negligible p�process con-
tribution), shielded against the r�process by
the respective stable isobars 80Se and 82Se. The
80Kr nucleosynthesis depends on the branch-
ing of unstable 79Se. For the �� decay rate at
stellar conditions we follow the prescriptions
of Klay & Käppeler (1988), while for the
neutron capture cross section we use the Bao
et al. (2000) recommended rate. Both rates
su↵er from a quite large uncertainty. A typ-
ical s-process odd�even pattern is predicted
for 82�84Kr isotopes. 86Kr is a neutron magic
isotope (N = 50). For this reason, its neu-
tron capture cross section is particularly low
(4.737±0.021 mb, 30 keV). Its production by
the s�process depends on the 85Kr neutron
channel. 85Kr is an unstable isotope, charac-
terised by a ground state, 85Krg (t1/2 = 10.76
yr), and an isomeric state, 85Krm (t1/2 = 4.48
h). About 50 % of the neutron capture of 84Kr
feeds 85Krm (Bao et al. 2000). According to
Ward et al. (1976), for T9 < 0.3 (expressing
temperature in units of 109 K) 85Krg and 85Krm

are not thermalised and must be considered as
two separate nuclear species. The ground and
the isomeric states decay with their terrestrial
rates. 20% of 85Krm su↵ers from a � internal
transition to the ground state, 85Krg, whereas
the remaining 80% ���decays to 85Rb.

For 80Kr, 82�84Kr and 86Kr, we use the neu-
tron capture cross sections by Mutti et al.
(2005). For the unstable isotopes 81Kr and 85Kr
we use the theoretical neutron capture cross
sections recommended by Bao et al. (2000),
which again su↵er for a quite large uncertain.

3. Kr�G in mainstream SiC grains

In Fig. 1 the krypton isotopic ratios for the
G�component extrapolated by Lewis et al.
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Fig. 1. Kr�G isotopic ratios measured in main-
stream SiC grains (black circles, data from
Lewis et al. 1994) are plotted for di↵erent grain
size separates, from the smallest (KJA, small
circles) to the largest (KJG, big circles).

(1994) from di↵erent grain size separates (each
separate is made of 105�106 grains) are plot-
ted normalised to solar (Lodders 2003). The
(86Kr/82Kr)G ratio strongly increases with the
grain size. The (80Kr/82Kr)G ratio, instead,
slightly decreases. We observe that 80Kr and
82Kr are s�only, so one would naively ex-
pect the (80Kr/82Kr)s normalised to solar be
close to one. However, solar 80Kr is produced
by the main s�component in AGB stars by
only 12 %, while the residual 88 % derives
from the weak s�process in massive stars.
Regarding solar 82Kr, 37 % derives from the
main s�component while 63 % from the weak
s�component (Arlandini et al. 1999, Pignatari
et al. 2005a). Presolar SiC grains o↵er a
unique observational opportunity to confirm
the above expectation, with the isotopic ratio
(80Kr/82Kr)G normalised to solar being pretty
close to 0.12/0.37 = 0.3.

In Fig. 7 of Lewis et al. (1994),
(86Kr/82Kr)G and 86Kr/82Kr (the isotopic ra-
tio directly measured in the SiC grains) for
di↵erent grain sizes are plotted with respect
to (130Xe/82Kr)G and 130Xe/82Kr, respectively.

Data
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82Kr are s�only, so one would naively ex-
pect the (80Kr/82Kr)s normalised to solar be
close to one. However, solar 80Kr is produced
by the main s�component in AGB stars by
only 12 %, while the residual 88 % derives
from the weak s�process in massive stars.
Regarding solar 82Kr, 37 % derives from the
main s�component while 63 % from the weak
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In fine grains, the 130Xe/82Kr ratio is ⇠ 2.5,
whereas in coarse SiC grains is ⇠ 0.2. In
the AGB envelope and in the He�intershell
130Xe/82Kr reaches at most 0.2. A chemical
fractionation Xe/Kr due to a partial gas ion-
ization has been proposed as an explanation
of the high values measured in fine grains. To
explain the (86Kr/82Kr)G spread, Lewis et al.
(1994) suggested two possible scenarios. (i)

Fine grains form in the C�rich envelope dur-
ing early thermal pulses, when 86Kr/82Kr is
low and the wind temperature lets 130Xe/82Kr
be high enough. Coarse grains progressively
condense in the following pulses, where the
86Kr/82Kr ratio progressively increases. (ii)
SiC grains of di↵erent size form in the en-
velope of AGB stars of di↵erent metallici-
ties. Coarse grains condense in low metal-
licity AGB stars, where a high 86Kr/82Kr is
predicted. A hot and unfractionated implan-
tation wind could explain the low 130Xe/82Kr
in coarse grains. AGB stars with solar�like
metallicity produce the fine grains with low
86Kr/82Kr. A cold and fractionated wind could
explain the high 130Xe/82Kr in fine grains.
The results by Pignatari et al. (2004) seem
to disagree with the second scenario. The
Xe�G component in mainstream SiC grains
does not agree with AGB models predictions
at low metallicity (Z  1/3 Z�), because the
(134Xe/130Xe)s ratio is too high with respect to
the observed one. Using an analytical model of
implantation of Kr in grains of di↵erent sizes
for di↵erent kinetic energies, Verchovsky et al.
(2004) showed that, whereas 86Kr�G is im-

planted mainly by hot winds, 82Kr�G is af-
fected by both the cold and the hot compo-
nents. This implies that the low (86Kr/82Kr)G
in fine grains (KJA, KJB and KJC samples,
see Verchovsky et al. 2004, Fig. 3) is an ef-
fect of the low implantation energy for the two
isotopes. In coarse SiC grains (KJD, KJE and
KJF) both 86Kr and 82Kr are instead implanted
by hot winds.

4. Comparison of Kr�G in SiC grains
and AGB models

To reproduce the Kr�G component in the hot
implantation scenario, we base our analysis on
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Fig. 2. M= 1.5 M� [Fe/H]= �0.30. Kr�S iso-
topic ratios in mainstream SiC grains (black
circles) are compared with the s�component
predictions at the last thermal pulse (19th TP).
Predictions are presented for standard 13C-
pockets (ST, empty squares), ST*2 (empty tri-
angles) and ST/2 (empty circles).

the pure s�process material present after the
last third dredge�up event (see also Pignatari
et al. 2004). In Fig. 2 we report the Kr�S
isotopic ratios at the last thermal pulse (19th

TP) for an AGB star with initial mass M=
1.5 M�, [Fe/H] = �0.30. Three 13C�pocket
e�ciencies are considered (ST, ST/2, ST*2;
see Lugaro et al. 2003) and are compared
with the Kr�G observed in mainstream SiC
grains. The (86Kr/82Kr)s ratio is strongly af-
fected by the 13C-pocket e�ciency and by the
neutron capture channel of 85Kr. AGB stars
with high 13C�pocket e�ciencies can explain
the high (86Kr/82Kr)G ratios in the coarse SiC
grains, while AGB stars with low 13C�pocket
e�ciencies can explain the (86Kr/82Kr)G ra-
tios in fine SiC grains. In Fig. 3 we report
the Kr�S isotopic ratios predicted at the last
third dredge�up episode (25th TP) for an AGB
star with initial mass M= 3 M�, [Fe/H] =
�0.30. ¿From the comparison of Fig. 3 and
Fig. 2, the AGB model of 3 M� shows a lower
(80Kr/82Kr)s and a higher (86Kr/82Kr)s with re-
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Lewis et al. 1994) are plotted for di↵erent grain
size separates, from the smallest (KJA, small
circles) to the largest (KJG, big circles).

(1994) from di↵erent grain size separates (each
separate is made of 105�106 grains) are plot-
ted normalised to solar (Lodders 2003). The
(86Kr/82Kr)G ratio strongly increases with the
grain size. The (80Kr/82Kr)G ratio, instead,
slightly decreases. We observe that 80Kr and
82Kr are s�only, so one would naively ex-
pect the (80Kr/82Kr)s normalised to solar be
close to one. However, solar 80Kr is produced
by the main s�component in AGB stars by
only 12 %, while the residual 88 % derives
from the weak s�process in massive stars.
Regarding solar 82Kr, 37 % derives from the
main s�component while 63 % from the weak
s�component (Arlandini et al. 1999, Pignatari
et al. 2005a). Presolar SiC grains o↵er a
unique observational opportunity to confirm
the above expectation, with the isotopic ratio
(80Kr/82Kr)G normalised to solar being pretty
close to 0.12/0.37 = 0.3.

In Fig. 7 of Lewis et al. (1994),
(86Kr/82Kr)G and 86Kr/82Kr (the isotopic ra-
tio directly measured in the SiC grains) for
di↵erent grain sizes are plotted with respect
to (130Xe/82Kr)G and 130Xe/82Kr, respectively.
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In fine grains, the 130Xe/82Kr ratio is ⇠ 2.5,
whereas in coarse SiC grains is ⇠ 0.2. In
the AGB envelope and in the He�intershell
130Xe/82Kr reaches at most 0.2. A chemical
fractionation Xe/Kr due to a partial gas ion-
ization has been proposed as an explanation
of the high values measured in fine grains. To
explain the (86Kr/82Kr)G spread, Lewis et al.
(1994) suggested two possible scenarios. (i)

Fine grains form in the C�rich envelope dur-
ing early thermal pulses, when 86Kr/82Kr is
low and the wind temperature lets 130Xe/82Kr
be high enough. Coarse grains progressively
condense in the following pulses, where the
86Kr/82Kr ratio progressively increases. (ii)
SiC grains of di↵erent size form in the en-
velope of AGB stars of di↵erent metallici-
ties. Coarse grains condense in low metal-
licity AGB stars, where a high 86Kr/82Kr is
predicted. A hot and unfractionated implan-
tation wind could explain the low 130Xe/82Kr
in coarse grains. AGB stars with solar�like
metallicity produce the fine grains with low
86Kr/82Kr. A cold and fractionated wind could
explain the high 130Xe/82Kr in fine grains.
The results by Pignatari et al. (2004) seem
to disagree with the second scenario. The
Xe�G component in mainstream SiC grains
does not agree with AGB models predictions
at low metallicity (Z  1/3 Z�), because the
(134Xe/130Xe)s ratio is too high with respect to
the observed one. Using an analytical model of
implantation of Kr in grains of di↵erent sizes
for di↵erent kinetic energies, Verchovsky et al.
(2004) showed that, whereas 86Kr�G is im-

planted mainly by hot winds, 82Kr�G is af-
fected by both the cold and the hot compo-
nents. This implies that the low (86Kr/82Kr)G
in fine grains (KJA, KJB and KJC samples,
see Verchovsky et al. 2004, Fig. 3) is an ef-
fect of the low implantation energy for the two
isotopes. In coarse SiC grains (KJD, KJE and
KJF) both 86Kr and 82Kr are instead implanted
by hot winds.

4. Comparison of Kr�G in SiC grains
and AGB models

To reproduce the Kr�G component in the hot
implantation scenario, we base our analysis on
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Fig. 2. M= 1.5 M� [Fe/H]= �0.30. Kr�S iso-
topic ratios in mainstream SiC grains (black
circles) are compared with the s�component
predictions at the last thermal pulse (19th TP).
Predictions are presented for standard 13C-
pockets (ST, empty squares), ST*2 (empty tri-
angles) and ST/2 (empty circles).

the pure s�process material present after the
last third dredge�up event (see also Pignatari
et al. 2004). In Fig. 2 we report the Kr�S
isotopic ratios at the last thermal pulse (19th

TP) for an AGB star with initial mass M=
1.5 M�, [Fe/H] = �0.30. Three 13C�pocket
e�ciencies are considered (ST, ST/2, ST*2;
see Lugaro et al. 2003) and are compared
with the Kr�G observed in mainstream SiC
grains. The (86Kr/82Kr)s ratio is strongly af-
fected by the 13C-pocket e�ciency and by the
neutron capture channel of 85Kr. AGB stars
with high 13C�pocket e�ciencies can explain
the high (86Kr/82Kr)G ratios in the coarse SiC
grains, while AGB stars with low 13C�pocket
e�ciencies can explain the (86Kr/82Kr)G ra-
tios in fine SiC grains. In Fig. 3 we report
the Kr�S isotopic ratios predicted at the last
third dredge�up episode (25th TP) for an AGB
star with initial mass M= 3 M�, [Fe/H] =
�0.30. ¿From the comparison of Fig. 3 and
Fig. 2, the AGB model of 3 M� shows a lower
(80Kr/82Kr)s and a higher (86Kr/82Kr)s with re-
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Fig. 3. M= 3 M� [Fe/H]= �0.30. The same as
Fig. 2, but for the AGB stellar model with ini-
tial mass M= 3 M� (last thermal pulse, 25th

TP).

spect to the 1.5 M� case, considering the same
metallicity and 13C�pocket e�ciency. A sce-
nario which may explain the (86Kr/82Kr)G and
(80Kr/82Kr)G anticorrelation is that AGB stars
with an initial mass of 3 M� produce coarse
SiC grains, whereas AGB stars with an initial
mass of 1.5 M� produce fine SiC grains. In Fig.
4 we report the Kr�S isotopic ratios predicted
at the last third dredge�up episode (25th TP)
for an AGB star with initial mass M= 3 M�,
[Fe/H] = �0.52. The predicted (86Kr/82Kr)s ra-
tio is too high with respect to SiC grains obser-
vations. This means that, for metallicities  1/3
Z�, the Kr�S predictions in the hot implanta-
tion scenario do not reproduce any more the
Kr�G component, in agreement with the re-
sults obtained for Xe�G (Pignatari et al. 2004)
and with the analysis of the Si isotopic ra-
tios (Zinner et al. 2006). In Fig. 5 we report
our predictions for the s�component at the last
third dredge�up event, as weighted mass av-
erage over di↵erent masses and metallicities
and over di↵erent 13C-pocket e�ciencies. The
mean (83Kr/82Kr)s and (84Kr/82Kr)s ratios are
consistent with the observations within 2�. In
this average, the predicted (80Kr/82Kr)s appears
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Fig. 4. M= 3 M� [Fe/H]= �0.52. The same
as Fig. 3, but for the AGB stellar model with
initial metallicity [Fe/H]= �0.52 (last thermal
pulse, 25th TP).

to better reproduce fine SiC grains than coarse
grains. To analyse the G�component in the
framework of the cold implantation scenario,
we extrapolated the s�component in the mass
losing envelope for (C/O)env > 1 and calcu-
lated a mass weighted average. In Fig. 6 we
report our predictions for the cold G compo-
nent of an AGB star with initial mass M= 1.5
M�, [Fe/H]= �0.30 and ST*2, ST, ST/2 13C-
pockets. Here we see that the (80Kr/82Kr)G is
not well reproduced in the cold implantation
scenario.

4.1. Main uncertainties in the predicted
isotopic ratios

The 80Kr/82Kr ratio is mainly a↵ected by the
79Se branching point, as discussed in §2. The
79Se(n,�) cross section has only a theoretical
estimate and its ���decay rate is uncertain by a
factor of two. Changing by 50% the (n,�) cross
section or the ���decay rate in the two cases
M= 1.5, 3 M�, [Fe/H] = �0.30, ST case, the
80Kr abundance varies by 29% and 16%, re-

All figures from Pignatari et al. 2006
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• 13C pocket included in parametrized way

• new simuations get 13C pocket as result of the included physics

• more consistent

• also more dependent on assumptions

• Trajectory from multizone model

• all abundances and mass flows saved

What has changed?
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4
s-process path in the vicinity of the branching point 85Kr. Stable isotopes are distuingished by bold frames. 
The integrated mass flow is plotted for 8 orders of magnitude.
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4
s-process path in the vicinity of the branching point 85Kr. Stable isotopes are distuingished by bold frames. 
The integrated mass flow is plotted for 8 orders of magnitude.
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Thank you for your attention!


