.’v'

Gﬁa DC
DIPARTIMENTO -
DI FISICA E GE A

N

v

KEY REACTIONS IN NUCLEAR ASTROPHYSICS
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7O+p & 2°Al+p REACTIONS IN H-BURNING
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AGB STARS: A VERY BRIEF INTRODUCTION
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Oxide grains of AGB origin: HBB or CBP?

In conclusion., the measured 1_"O/IGO ratio of grain
OC2 (= 1.25 = 0.07 x 10— 3) could be reproduced
within the large error bars of the NACRE compilation
(2.4471-22 © 10—3) in models of massive AGB stars; how-

ever, the much more precise *O(p,y)!"F rate of the
present work leads to 2.5275:22 <102 for the 17O /'O ra-
tio and disagrees with the measured value. Consequently,
there is not clear evidence to date for any stellar grain

origin from massive AGB stars. Stellar model uncertain-
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Cool Bottom Process o Hot Bottom Burning
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HOW DOES AN
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THE MIXING MECHANISM WE ARE LOOKING HAS TO
ACCOUNT FOR

2. a deep (non convective) mixing accounting for the large
180 depletion and 26Al enrichment found in group 2 oxide
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IN THE RADIATIVE
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To the stellar surface

From CBP to a Bottom-up mixing (MHD
and advective) in low mass stars
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From CBP to a Bottom-up mixing (MHD
and advective) in low mass stars
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7"O(p,a)'"*N rate and the "0/*0 equilibrium values
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7"O(p,a)'"*N rate and the "0/0 equilibrium values
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7"O(p,a)'"*N rate and the "0/0 equilibrium values
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Grains vs B-UP and Grains vs HBB

...of low mass with BUP mixing and ’O(p,o)**N ...of intemediate mass with HBB and ’O(p,a)*N
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Grains vs B-UP and Grains vs HBB

...of low mass with BUP mixing and ’O(p,o)**N ...of intemediate mass with HBB and ’O(p,a)*N
rate by Sergi et al 2015 rate by Bruno et al 2016
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Hot Bottom
Burning
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Cool Bottom Process, or Hot Bottom Burning
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Cool Bottom Process, or Hot Bottom Burning
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Cool Bottom Process, or Hot Bottom Burning
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Group Il oxide
grains: how

massive are
their AGB star
progenitors?

Could thelr
2eal/27Al relative
abundances give
the answer?



26Al in group 2 oxide grains

* A bottom-up mixing mechanism means
carrying into the envelope materials from
deeper/hotter stellar layers

* The same effects may come with a more
efficient rate of the 2°Mg(p,y)?°Al or a less
efficient one for the %°Al + p reactions

* |n the shown calculations:
Mg-Al Cycles * 2>Mg(p,y)?°Al -> Straniero et al. 2013
e 26Al(p,y)?°Al -> lliadis et al. 2010



26Al in group 2 oxide grains

* A bottom-up mixing mechanism means
carrying into the envelope materials from
deeper/hotter stellar layers

* The same effects may come with a more
efficient rate of the 2°Mg(p,y)?°Al or a less
efficient one for the %°Al + p reactions

* In the shown calculations:
Mg-Al Cycles * 2>Mg(p,y)?°Al -> Straniero et al. 2013
e 26Al(p,y)?°Al -> lliadis et al. 2010
sensitivity studies show that uncertainty of
2¢Al+p Leads to variations of up to 2 orders of
magwnitude in AGE calculations but...
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Table 2. Recommended excitation energies ( Ez) together with the spins and parities
(J*) (taken from Ref. [222]) for the excited states above the proton separation
energy (Sp = 7463.34(13)) keV [181]) in ?7Si for the A1 (p,7)*"Si reaction. The
resonance energies (Fyres) and experimentally determined resonance strengths (wv) for
the relevant states are given where available. The atomic shift for this reaction is
AB, = 1.29 keV. Only states producing resonances below E,.; = 300 keV have been
listed.
E, J* E... Wy
(keV) (keV) (eV)
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resonance energies ( Eres) and expernimentally determined resonance strengths (w+) for
the relevant states are given where available. The atomic shift for this reaction is
AB, = 1.29 keV. Only states producing resonances below E,.; = 300 keV have been

listed.
E; J* 9 Wy
(keV) (keV) (eV)
7468.8(8) (1/2,82)*  6.7(8) 1075 [212]

x 10724

1071 [103]
x 1071% [215]
x 1015 [103]

(7493.1(40)) (3 (31(4))

69.2(7)

7531.3(7)
(7557(3)) [212]  (3/2°

=) 7590.1(9) 9/2%

7651.9(6) 11/2  189.8(6)

7693.8(9) 5/2¢  231.7(9) < 1.0 x 1075 [208]
7704.3(2) 7/2¢  2422(2) 1.0(5) x 1075 [208]
7739.3(4) 9/2*  277.2(4) 3.8(10) x 1073 [227]
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Table 3. Recommended excitation energies ( Fz) together with the spins and parities
(J*) (taken from Ref. |[222]) for the excited states above the proton separation
energy (S, = 7691.65(13)) keV [181]) in ?"Si for the 2Al™(p.~)?"Si reaction. The
resonance energies (Fyres) and experimentally determined resonance strengths (wv) for
the relevant states are given where available. The atomic shift for this reaction is
AB, = 1.29 keV. Only states producing resonances below E,.; = 400 keV have been

listed.

E, Jr E,.. wy
(keV) (keV) (eV)
7693.8(9) 5/2%  3.5(9) <290 x 1075
7704.3(2) 7/2Y  14.0(2) <461 x 1074
7739.3(4) 9/2%  49.0(4) <269 x 1072
7794.8(19) 7/2% 104.5(19) < 192x 107
7831.5(5) 9/2- 141.2(5) <239 x 10714
=) 7837.6(2) 5/2F 147.2(2) < 1.47 x 107° [228]
7899.0(8) 5/2% 208.7(8) < 1.61 x 10°
7909.1(7) 3/2* 2188(7) < 1.42 x 107 [228]
7966.3(8) 5/2% 276.0(8) < 2.40 x 1072
8031.5(11) 5/2% 341.2(11) <3 x 107% [226]
8069.6(30) 3/2- 379.3(30) < 3.20 x 107* [226]
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Table 3. Recommended excitation energies ( Ez) together with the spins and parities
(J*) (taken from Ref. |[222]) for the excited states above the proton separation
energy (S, = 7691.65(13)) keV [181]) in ?"Si for the 2Al™(p.~)?"Si reaction. The
resonance energies (Fyes) and experimentally determined resonance strengths (wv) for
the relevant states are given where available. The atomic shift for this reaction is
AB, = 1.29 keV. Only states producing resonances below E,.; = 400 keV have been
listed.

o
zao’ E, J E,.. wy
P (keV) ; (eV)
5 1w % 7693.8(9) 3.5(9) 2.90 x 10758
2 7704.3(2) 14.0(2) 461 x 1074
BT 7739.3(4) 49.0(4) 2.69 x 102
&' 7794.8(19) 104.5(19) 1.92 x 1071
50%. 7831.5(5) 141.2(5) 2.39 x 1014
10’ ) T7837.6(2) 147.2(2) {47 x 1078 [228]
7899.0(8) 5/2% x 1073
- — 7909.1(7) 3/2+ 2188(7) < 6 [228)]
0% 7966.3(8) 5/2* 276.0(8) 02
8031.5(11) 5/2% 341.2(11) <3 x 10 ° [226]
8069.6(30) 3/2~ 379.3(30) < 3.20 x 10~* [226]
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The ?’Al(p,0)?*Mg reaction rate from a thm
experiment
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Intermediate mass AGB stars

 The reaction rate is about 3 times lower than presently assumed, at H-burning T

* in LMS the rate effect is not appreciable because the (p,y) channel strongly dominates
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Evolution of the temperature at the base of the convective envelope as function of the
time counted from the beginning of the AGB phase. Stars with 3.5, 4.0, 4.5 and 6.0 Mg

initial masses and Z;
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The ?7Al(p,a)?*Mg Implications for
Nucleosynthesis
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time counted from the beginning of the AGR phase. Stars with 2.5, 4.0, 4.5 and
6.0 Mg initial masses ano Z o



% IM AGB stars + HBB can also be progenitors of group 2 oxide grains

* the agreement i between models and grains are good just using
the more efficient "O+p reaction rates

» Dilution effects have to be included to provides a match to the
majority of the grains.

% At the moment LM AGB models with a bottom-up advective mixing at
play provide the most accurate fits to group 2 oxide grain
composition, well reproducing 26Al/2’Al of the majority of the grains.

* the abundances of 7O and 26Al are thermometers of their
nucleosynthesis environments:

» to well calibrate them and make them accurate we need very

precise knowledge of the reactions that produce and destroy
them.

 26Al + p and its decay in particular
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% IM AGB stars + HBB can also be progenitors of group 2 oxide grains

* the agreement i between models and grains are good just using
the more efficient "O+p reaction rates

» Dilution effects have to be included to provides a match to the
majority of the grains.

% At the moment LM AGB models with a bottom-up advective mixing at

play provide the most accurate fits to group 2 oxide grain
composition, well reproducing 26Al/27Al of the majority of the grains.

* the abundances of 7O and 26Al are thermometers of their

nucleosynthesis environments:

» to well calibrate them and make them accurate we need very

precise knowledge of the reactions that produce and destroy
them.

 26Al + p and its decay in particular



