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(ωγ )pγ
THM = (1.18± 0.22)×10−11eV

(ωγ )pγ = (1.64± 0.28)×10
−11eV

T=0.03-0.09 GK: the differences between 
the rate adopted in literature and the total 
rate calculated, if one considers the 
NA<σv>65

THM extracted as explained 
before, is ～25%.  
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+ 17O/16O as a stellar thermometer 
dY17O
dt
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Equilibrium conditions:  

17O/16O equilibrium value 
depends on reaction rates 
and gives us information 
about the mixing depth  
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+ Nuclear physics of H-burning  

 
Temperature: 

8.3  107 K                                                      3 106K 
 

 
Conversion Factors Between Units of Energy 

3.45 kev                                                     0.25 keV 
 
 

Most effective energy  (17O +p reactions) 
125 keV                                                     36.5 keV 
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High uncertainties in nuclear 

physics input because of the low 
energies at which reactions take 
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+ Low mass star evolution: RGB and AGB 
phase 
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n  The lower is the mass, the 
larger is the number of stars 

n  M<3M¤ 

IRC+10216 C-star  is the brightest object on the sky at at mid infrared SIF2015 S. Palmerini 



+ Red giant stars contribution to the 
galatic chemical evolution 
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Meteorite 
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+

n  C/O<1    Oxide grains    

In summary, LD graphite grains seems to have an SN origin
and most HD graphite an origin in low-metallicity AGB stars.
However, the apparent isotopic equilibration of elements, such
as nitrogen and oxygen, and the generally low abundance of
trace elements in many cases make it difficult to obtain enough
diagnostic isotopic signatures to unambiguously identify the
parent stars of presolar graphite grains.

1.4.9 Oxygen-Rich Grains

1.4.9.1 Oxide Grains

In contrast to the carbonaceous presolar phases, presolar oxide
grains apparently do not carry any ‘exotic’ noble gas compo-
nent. They have been identified by ion microprobe oxygen
isotopic measurements of single grains from acid residues
free of silicates. In contrast to SiC, essentially all of which is
of presolar origin, most oxide grains found in meteorites
formed in the solar system and only a small fraction is presolar.
The oxygen isotopic compositions of the most abundant pre-
solar oxide minerals are plotted in Figure 14(a). Most of them
are corundum, followed by spinel and hibonite (see presolar
database, Hynes and Gyngard, 2009). In addition, five presolar
chromite grains (Nittler et al., 2005b), five titanium oxide
grains (Bose et al., 2010a; Nittler and Alexander, 1999; Nittler
et al., 2008), and four iron oxide grains (Bose et al., 2010b;
Floss et al., 2008) have been identified. The chromite grains
listed here do not include the small (<150 nm) grains found in
the search for 54Cr carriers (Dauphas et al., 2010; Nittler et al.,
2012; Qin et al., 2011).

These numbers, however, cannot be used to infer relative
abundances of these mineral phases. Analyses were made on
grains of different size with instruments having different spa-
tial resolution and sensitivity. Furthermore, searches for pre-
solar oxide grains have been made in different types of
residues, some containing spinel, others not. Another compli-
cation is that more than half of all presolar corundum grains
have been found by automatic direct 18O/16O imaging
searches in the ion microprobe (Nittler et al., 1997), a method
that does not detect grains with anomalies in the 17O/16O ratio
but with close-to-normal 18O/16O. The oxygen isotopic distri-
bution of corundum in Figure 14(a) therefore does not reflect
the true distribution. Figure 14(a) does not include sub-
micrometer oxide grains that were found by NanoSIMS oxygen
isotopic raster imaging of tightly packed grain separates or
polished sections (Nguyen and Zinner, 2004; Nguyen et al.,
2003; Mostefaoui and Hoppe, 2004; and many subsequent
efforts; see section on silicates). Because of beam overlap
onto adjacent, isotopically normal grains, the oxygen isotopic
ratios of small grains analyzed in this way are diluted. Abun-
dances for oxide grains obtained by raster imaging should be
considered lower limits. Raster imaging of small grains from
the Murray CM2 chondrite led to the identification of 252
presolar spinel and 32 presolar corundum grains (Nguyen
et al., 2003). Additional small oxide grains have been detected
during imaging searches for presolar silicates (Bose et al.,
2010a,b, 2012; Floss and Stadermann, 2009a, 2012; Leitner
et al., 2012b; Mostefaoui and Hoppe, 2004; Nagashima et al.,
2004; Nguyen and Zinner, 2004; Nguyen et al., 2007, 2010c;
Nittler et al., 2011; Stadermann et al., 2006; Vollmer et al.,

2008, 2009b; Yada et al., 2008). The abundance of presolar
oxide grains varies greatly from meteorite to meteorite. The
highest abundances have been found in the most primitive
meteorites, in the ungrouped carbonaceous chondrite Acfer
094 (!55 ppm; Nguyen et al., 2007), in the CR3 chondrite
NWA852 (!39 ppm; Leitner et al., 2010), and in the CO3
chondrite ALH 77037 (!20 ppm; Bose et al., 2012; Nguyen
et al., 2010c). This contrasts with an abundance of only
1.2 ppm for spinel and !0.15 ppm for corundum in the CM2
meteorite Murray (Zinner et al., 2003b) and upper limits of a
few ppm in ordinary chondrites (Mostefaoui et al., 2003, 2004;
Tonotani et al., 2006).

Nittler et al. (1997) have classified presolar oxide grains
into four different groups according to their oxygen isotopic
ratios. Grains with 17O/16O> solar (3.82"10–4) and
0.001<18O/16O< solar (2.01"10–3), comprising group 1,
have oxygen isotopic ratios similar to those observed in RG
and AGB stars (Harris and Lambert, 1984; Harris et al., 1987;
Smith and Lambert, 1990), indicating such an origin also for
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Figure 14 Oxygen isotopic ratios in individual presolar oxide grains
(top) and in individual presolar silicate grains (bottom). Also indicated in
the top figure are the four groups defined by Nittler et al. (1997). Source:
Presolar database (Hynes and Gyngard, 2009).
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Types of presolar grains 

these grains, with the exception of iron oxide, as well as presolar
Si3N4 (Nittler et al., 1995), were located by single grain analysis
of acid residues, presolar silicates were discovered by isotopic
imaging of chemically untreated interplanetary dust particles
(IDPs (See Chapter 1.8)) (Messenger et al., 2003), meteoritic
grain-size separates and polished sections (Nagashima et al.,
2004; Nguyen and Zinner, 2004), and Antarctic meteorite sam-
ples (Yada et al., 2008).

Finally, titanium-, zirconium-, and molybdenum-rich car-
bides, cohenite ((Fe,Ni)3C), kamacite (Fe–Ni), rutile (TiO2),
oldhamite (CaS), elemental-iron and ruthenium-iron metal,
and iron and nickel silicide (Fe2Si, Ni2Si) were found as tiny
subgrains inside of SiC grains and graphite spheres (Bernatowicz
et al., 1991, 1996; Croat et al., 2003, 2008, 2011a,b, 2012;
Hynes et al., 2010, 2011). While TiC inside of a SiC grain
(Bernatowicz et al., 1992) could have formed by exsolution,
there can be little doubt that interior grains in graphite must
have formed prior to the condensation of the spherules.

1.4.4 Analysis Techniques

Although the abundance of carbonaceous presolar grains in
meteorites is low, once they are identified, almost pure samples
can be prepared and studied in detail. Enoughmaterial of these
phases can be obtained for ‘bulk’ analysis, that is, the analysis
of collections of large numbers of grains either by gas mass
spectrometry (GMS) of carbon, nitrogen, and the noble gases
(Lewis et al., 1994; Russell et al., 1996, 1997; Verchovsky et al.,
2006), by thermal ionization mass spectrometry (TIMS) of
strontium, barium, neodymium, samarium, and dysprosium
(Ott and Begemann, 1990; Podosek et al., 2004; Prombo et al.,
1993; Richter et al., 1993, 1994), or by secondary ion mass
spectrometry (SIMS) (Amari et al., 2000; Zinner et al., 1991).
Isotopic ratios of barium, neodymium, samarium, europium,
gadolinium, dysprosium, erbium, yttrium, and hafnium on
SiC-rich bulk samples have recently been obtained by induc-
tively coupled plasma mass spectrometry (ICP-MS) (Yin et al.,
2006). While only averages over many grains are obtained by
bulk analysis, it allows the measurement of trace elements,
such as the noble gases, and heavy elements that cannot be
analyzed otherwise.

However, because presolar grains come from different stellar
sources, information on individual stars is obtained by the study

of single grains. This challenge has been successfully taken up by
the application of a series of microanalytical techniques. For
isotopic analysis, the ion microprobe has become the instru-
ment of choice. While most SIMS measurements have been
made on grains 1 mm in size or larger, a new type of ion
probe, the NanoSIMS, allows measurements of grains an order
of magnitude smaller (e.g., Zinner et al., 2003b). Ion probe
analysis has led to the discovery of new types of presolar grains,
such as corundum (Hutcheon et al., 1994; Nittler et al., 1994)
and silicon nitride (Nittler et al., 1995). It also has led to the
identification of rare subpopulations of presolar dust, such as
SiC grains of type X (Amari et al., 1992) and type Y (Hoppe
et al., 1994). Searches for presolar oxide grains and rare sub-
populations of SiC profited from the application of isotopic
imaging in the ion probe, which allows the rapid analysis of a
large number of grains (Gröner and Hoppe, 2006; Gyngard
et al., 2010c; Nittler and Alexander, 2003; Nittler et al., 1997).
Whereas earlier analyses have been made on well-separated
grains, isotopic imaging of tightly packed grains, of polished
sections of meteorites, and of samples pressed into a metal foil
allows the automatic analysis of many thousands of grains
(Nguyen et al., 2003) and has been essential in the discovery
of presolar silicate grains (Messenger et al., 2003; Nagashima
et al., 2004; Nguyen and Zinner, 2004).

Laser ablation and resonant ionization mass spectrometry
(RIMS) (Savina et al., 2003b) have been successfully applied to
isotopic analysis of the heavy elements strontium, zirconium,
molybdenum, ruthenium, barium, and chromium in individ-
ual SiC and graphite grains (Levine et al., 2009; Nicolussi et al.,
1997, 1998a,c; Savina et al., 2003a, 2004, 2007, 2010). A RIMS
instrument under development that uses a finely focused gal-
lium beam for atom sputtering promises isotopic analysis on
the 10 nm scale (Stephan et al., 2010, 2011). Single grain
measurements of helium and neon have been made by laser
heating and GMS (Heck et al., 2005, 2006, 2007, 2009b; Meier
et al., 2012; Nichols et al., 1995).

The surface morphology of grains has been studied by
secondary electron microscopy (SEM) (Hoppe et al., 1995).
Such studies have been especially useful for pristine SiC grains
that have not been subjected to any chemical treatment
(Bernatowicz et al., 2003; Tizard et al., 2005). Finally, the
transmission electron microscope (TEM) has played an impor-
tant role in the discovery of presolar SiC (Bernatowicz et al.,
1987) and internal TiC and other subgrains in graphite

Table 1 Types of presolar grains in primitive meteorites and IDPs

Grain type Noble gas components Size Abundancea,b Stellar sources

Diamond Xe–HL 2 nm 1400 ppm Supernovae?
Silicon carbide Ne–E(H), Xe–S 0.1–20 mm 150 ppm AGB, SNe, J stars, novae, born-again AGB
Graphite Ne–E(L) 1–20 mm 1–2 ppm SNe, AGB, born-again AGB
Silicates in IDPs 0.2–1 mm >1.5% RG, AGB, SNe
Silicates in meteorites 0.2–0.9 mm >220 ppm RG, AGB, SNe
Oxides 0.15–3 mm >80 ppm RG, AGB, SNe, novae
Silicon nitride 0.3–1 mm !3 ppb SNe
Ti, Fe, Zr, Mo carbides 10–200 nm AGB, SNe
Kamacite, iron !10–20 nm SNe

aAbundances vary with meteorite type. Shown here are maximum values.
bBecause detection efficiency for ion imaging identification are not included, given abundances are lower limits (see Nguyen et al., 2007).
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dysprosium, europium, tungsten, and lead. Refractory elements,
such as aluminum, titanium, vanadium, and zirconium, are
believed to have condensed into SiC (Lodders and Fegley,
1995, 1997, 1999). However, Verchovsky and coworkers
(Verchovsky et al., 2004; Verchovsky and Wright, 2004) argued
on the basis of the grain-size dependence of elemental concen-
trations that implantation played amajor role not only for noble
gases but also for relatively refractory elements, such as strontium
and barium. These authors identified two components with
different implantation energies: the low-energy component is
implanted from the stellar wind and has the composition of
the AGB envelope; the high-energy component is implanted

during the planetary nebula phase from the hot remaining
white dwarf star and has the composition of helium-shell mate-
rial. The 134Xe/130Xe ratio found in the grains confirms their
conclusion that most s-process xenon in SiC originated in the
envelope (Pignatari et al., 2004a).

Carbon, nitrogen, and silicon isotopic, as well as inferred
26Al/27Al ratios in a large number of individual grains
(Figures 3–5), have led to the classification into different popu-
lations (Hoppe and Ott, 1997): mainstream grains (!93% of
the total), minor subtypes AB, C, X, Y, Z, and nova grains. Most
of presolar SiC is believed to have originated from carbon stars,
late-type stars of low mass (1–3 M") in the thermally pulsing
(TP) asymptotic giant branch (AGB) phase of evolution (Iben
and Renzini, 1983). Dust from such stars has been proposed
already one decade prior to identification of SiC to be a minor
constituent of primitive meteorites (Clayton, 1983a; Clayton
and Ward, 1978; Srinivasan and Anders, 1978). Several pieces
of evidence point to such an origin. Mainstream grains have
12C/13C ratios similar to those found in carbon stars (Figure 6),
which are considered to be the most prolific injectors of carbo-
naceous dust grains into the ISM (Ferrarotti and Gail, 2006; Gail
et al., 2009; Tielens, 1990).Many carbon stars show the 11.3 mm
emission feature typical of SiC (Speck et al., 1997; Treffers and
Cohen, 1974). Finally, AGB stars are believed to be the main
source of the s-process (slow neutron-capture nucleosynthesis)
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Figure 3 Nitrogen and carbon isotopic ratios of individual presolar SiC
grains. Because rare grain types were located by automatic ion imaging,
the numbers of grains of different types in the plot do not correspond to
their abundances in the meteorites; these abundances are given in the
legend. The grain plotted as a question mark in this figure and in
Figures 4 and 5 has both nova and SN signatures (Nittler and Hoppe,
2005). The analysis of solar wind implanted into Genesis samples
showed that the Sun’s nitrogen isotopic ratio is different from the
terrestrial ratio (Marty et al., 2011). Both are indicated in the figure.
Source: Presolar database (Hynes and Gyngard, 2009).

(a)

(b)

1 µm

(c)

Figure 2 Secondary electron micrographs of (a) presolar SiC, (b)
presolar graphite (cauliflower type), and (c) presolar graphite (onion
type). Photographs courtesy of Sachiko Amari and Scott Messenger.

Presolar Grains 185

n  C/O≥1     SiC grains    

which can be isolated from meteorites in almost pure form by 
chemical and physical processing 

18O/16O 
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In summary, LD graphite grains seems to have an SN origin
and most HD graphite an origin in low-metallicity AGB stars.
However, the apparent isotopic equilibration of elements, such
as nitrogen and oxygen, and the generally low abundance of
trace elements in many cases make it difficult to obtain enough
diagnostic isotopic signatures to unambiguously identify the
parent stars of presolar graphite grains.

1.4.9 Oxygen-Rich Grains

1.4.9.1 Oxide Grains

In contrast to the carbonaceous presolar phases, presolar oxide
grains apparently do not carry any ‘exotic’ noble gas compo-
nent. They have been identified by ion microprobe oxygen
isotopic measurements of single grains from acid residues
free of silicates. In contrast to SiC, essentially all of which is
of presolar origin, most oxide grains found in meteorites
formed in the solar system and only a small fraction is presolar.
The oxygen isotopic compositions of the most abundant pre-
solar oxide minerals are plotted in Figure 14(a). Most of them
are corundum, followed by spinel and hibonite (see presolar
database, Hynes and Gyngard, 2009). In addition, five presolar
chromite grains (Nittler et al., 2005b), five titanium oxide
grains (Bose et al., 2010a; Nittler and Alexander, 1999; Nittler
et al., 2008), and four iron oxide grains (Bose et al., 2010b;
Floss et al., 2008) have been identified. The chromite grains
listed here do not include the small (<150 nm) grains found in
the search for 54Cr carriers (Dauphas et al., 2010; Nittler et al.,
2012; Qin et al., 2011).

These numbers, however, cannot be used to infer relative
abundances of these mineral phases. Analyses were made on
grains of different size with instruments having different spa-
tial resolution and sensitivity. Furthermore, searches for pre-
solar oxide grains have been made in different types of
residues, some containing spinel, others not. Another compli-
cation is that more than half of all presolar corundum grains
have been found by automatic direct 18O/16O imaging
searches in the ion microprobe (Nittler et al., 1997), a method
that does not detect grains with anomalies in the 17O/16O ratio
but with close-to-normal 18O/16O. The oxygen isotopic distri-
bution of corundum in Figure 14(a) therefore does not reflect
the true distribution. Figure 14(a) does not include sub-
micrometer oxide grains that were found by NanoSIMS oxygen
isotopic raster imaging of tightly packed grain separates or
polished sections (Nguyen and Zinner, 2004; Nguyen et al.,
2003; Mostefaoui and Hoppe, 2004; and many subsequent
efforts; see section on silicates). Because of beam overlap
onto adjacent, isotopically normal grains, the oxygen isotopic
ratios of small grains analyzed in this way are diluted. Abun-
dances for oxide grains obtained by raster imaging should be
considered lower limits. Raster imaging of small grains from
the Murray CM2 chondrite led to the identification of 252
presolar spinel and 32 presolar corundum grains (Nguyen
et al., 2003). Additional small oxide grains have been detected
during imaging searches for presolar silicates (Bose et al.,
2010a,b, 2012; Floss and Stadermann, 2009a, 2012; Leitner
et al., 2012b; Mostefaoui and Hoppe, 2004; Nagashima et al.,
2004; Nguyen and Zinner, 2004; Nguyen et al., 2007, 2010c;
Nittler et al., 2011; Stadermann et al., 2006; Vollmer et al.,

2008, 2009b; Yada et al., 2008). The abundance of presolar
oxide grains varies greatly from meteorite to meteorite. The
highest abundances have been found in the most primitive
meteorites, in the ungrouped carbonaceous chondrite Acfer
094 (!55 ppm; Nguyen et al., 2007), in the CR3 chondrite
NWA852 (!39 ppm; Leitner et al., 2010), and in the CO3
chondrite ALH 77037 (!20 ppm; Bose et al., 2012; Nguyen
et al., 2010c). This contrasts with an abundance of only
1.2 ppm for spinel and !0.15 ppm for corundum in the CM2
meteorite Murray (Zinner et al., 2003b) and upper limits of a
few ppm in ordinary chondrites (Mostefaoui et al., 2003, 2004;
Tonotani et al., 2006).

Nittler et al. (1997) have classified presolar oxide grains
into four different groups according to their oxygen isotopic
ratios. Grains with 17O/16O> solar (3.82"10–4) and
0.001<18O/16O< solar (2.01"10–3), comprising group 1,
have oxygen isotopic ratios similar to those observed in RG
and AGB stars (Harris and Lambert, 1984; Harris et al., 1987;
Smith and Lambert, 1990), indicating such an origin also for
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Figure 14 Oxygen isotopic ratios in individual presolar oxide grains
(top) and in individual presolar silicate grains (bottom). Also indicated in
the top figure are the four groups defined by Nittler et al. (1997). Source:
Presolar database (Hynes and Gyngard, 2009).
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In summary, LD graphite grains seems to have an SN origin
and most HD graphite an origin in low-metallicity AGB stars.
However, the apparent isotopic equilibration of elements, such
as nitrogen and oxygen, and the generally low abundance of
trace elements in many cases make it difficult to obtain enough
diagnostic isotopic signatures to unambiguously identify the
parent stars of presolar graphite grains.

1.4.9 Oxygen-Rich Grains

1.4.9.1 Oxide Grains

In contrast to the carbonaceous presolar phases, presolar oxide
grains apparently do not carry any ‘exotic’ noble gas compo-
nent. They have been identified by ion microprobe oxygen
isotopic measurements of single grains from acid residues
free of silicates. In contrast to SiC, essentially all of which is
of presolar origin, most oxide grains found in meteorites
formed in the solar system and only a small fraction is presolar.
The oxygen isotopic compositions of the most abundant pre-
solar oxide minerals are plotted in Figure 14(a). Most of them
are corundum, followed by spinel and hibonite (see presolar
database, Hynes and Gyngard, 2009). In addition, five presolar
chromite grains (Nittler et al., 2005b), five titanium oxide
grains (Bose et al., 2010a; Nittler and Alexander, 1999; Nittler
et al., 2008), and four iron oxide grains (Bose et al., 2010b;
Floss et al., 2008) have been identified. The chromite grains
listed here do not include the small (<150 nm) grains found in
the search for 54Cr carriers (Dauphas et al., 2010; Nittler et al.,
2012; Qin et al., 2011).

These numbers, however, cannot be used to infer relative
abundances of these mineral phases. Analyses were made on
grains of different size with instruments having different spa-
tial resolution and sensitivity. Furthermore, searches for pre-
solar oxide grains have been made in different types of
residues, some containing spinel, others not. Another compli-
cation is that more than half of all presolar corundum grains
have been found by automatic direct 18O/16O imaging
searches in the ion microprobe (Nittler et al., 1997), a method
that does not detect grains with anomalies in the 17O/16O ratio
but with close-to-normal 18O/16O. The oxygen isotopic distri-
bution of corundum in Figure 14(a) therefore does not reflect
the true distribution. Figure 14(a) does not include sub-
micrometer oxide grains that were found by NanoSIMS oxygen
isotopic raster imaging of tightly packed grain separates or
polished sections (Nguyen and Zinner, 2004; Nguyen et al.,
2003; Mostefaoui and Hoppe, 2004; and many subsequent
efforts; see section on silicates). Because of beam overlap
onto adjacent, isotopically normal grains, the oxygen isotopic
ratios of small grains analyzed in this way are diluted. Abun-
dances for oxide grains obtained by raster imaging should be
considered lower limits. Raster imaging of small grains from
the Murray CM2 chondrite led to the identification of 252
presolar spinel and 32 presolar corundum grains (Nguyen
et al., 2003). Additional small oxide grains have been detected
during imaging searches for presolar silicates (Bose et al.,
2010a,b, 2012; Floss and Stadermann, 2009a, 2012; Leitner
et al., 2012b; Mostefaoui and Hoppe, 2004; Nagashima et al.,
2004; Nguyen and Zinner, 2004; Nguyen et al., 2007, 2010c;
Nittler et al., 2011; Stadermann et al., 2006; Vollmer et al.,

2008, 2009b; Yada et al., 2008). The abundance of presolar
oxide grains varies greatly from meteorite to meteorite. The
highest abundances have been found in the most primitive
meteorites, in the ungrouped carbonaceous chondrite Acfer
094 (!55 ppm; Nguyen et al., 2007), in the CR3 chondrite
NWA852 (!39 ppm; Leitner et al., 2010), and in the CO3
chondrite ALH 77037 (!20 ppm; Bose et al., 2012; Nguyen
et al., 2010c). This contrasts with an abundance of only
1.2 ppm for spinel and !0.15 ppm for corundum in the CM2
meteorite Murray (Zinner et al., 2003b) and upper limits of a
few ppm in ordinary chondrites (Mostefaoui et al., 2003, 2004;
Tonotani et al., 2006).

Nittler et al. (1997) have classified presolar oxide grains
into four different groups according to their oxygen isotopic
ratios. Grains with 17O/16O> solar (3.82"10–4) and
0.001<18O/16O< solar (2.01"10–3), comprising group 1,
have oxygen isotopic ratios similar to those observed in RG
and AGB stars (Harris and Lambert, 1984; Harris et al., 1987;
Smith and Lambert, 1990), indicating such an origin also for
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Figure 14 Oxygen isotopic ratios in individual presolar oxide grains
(top) and in individual presolar silicate grains (bottom). Also indicated in
the top figure are the four groups defined by Nittler et al. (1997). Source:
Presolar database (Hynes and Gyngard, 2009).
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+ Oxide grains of AGB origin: HBB or CBP? 

Nollett et al. 2003 
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+ Variation of the 14N(p,γ)15O reaction rate  
 
 

 
Angulo et al. 1999 
Adelberger et al 2011 

H-burning  temperture 

SIF2015 S. Palmerini 

14 



+ Variation of the 14N(p,γ)15O reaction rate  
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+ 17O+p reaction rates and Oxide grains 

n  RGB stars with 1M¤<M★<2M¤ 
and solar composition 
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n  AGB stars with M★<2M¤ and 
solar composition 
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+ 17O(p,α)14N reaction rate variations 
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+ 17O(p,α)14N reaction rate variations 
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+ 17O(p,α)14N reaction rate variations 
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+ 17O(p,α)14N reaction rate variations 
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+ 17O+p reaction rates and Oxide grains 

17O+p from 

Chafa et al. 2007 

Palmerini et al. 2011  
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n  Low mass RGB stars (M★<2M¤) 
are progenitor of group 1 grains 

n  Extra-mixing in AGB stars 
account for isotopic composition 
of Group 2 oxide grains 



+ 17O+p reaction rates and Oxide grains 

n  Mass range of stellar 
progenitors of group 2 oxide 
grains is  1M¤<M★<1.2M¤ 

n  Group  2 grains might be 
divided  in 2 subgroups 
because of the progenitor 
mass 
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THM data 



+ Aluminum isotopic ratio…a challenge 

No HBB 

How to reach  
26Al/27Al>0.02 
shown by part 
of group 2 
grains? 
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Extra-mixing n  The measurement of 
25Mg(p,γ)26Al excludes that a 
solution coming from nuclear 
data (Strieder et al. 2012) 

Palmerini et al. in prep 

n  What about the 
mixing profile?  
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+
In nuclear astrophysics 
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GRAZIE! 

THANK YOU! 

 

n  Sometimes solutions come from 
nuclei (17O/16O in  grains) 

n  Sometimes  solutions come from 
stars  (26Al/27Al in  grains) 

n  Other times we do not know yet 
(14N/15N in  grains and the Li 
problem) 

n  In any case it is necessary to 
collaborate 


