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H- and He-burning phases in Low Mass Stars

He burning
H burning
H + He burning



Courtesy: Imbriani 2008



G. Fiorentini, Trento 2004

Recently new measurements for C, O in the Sun: reduced C/O ratio
� opacities;  mixing length theory ��� � change of aaaaP (2.2 ��� � 1.9); Despite

this, the solar model and helioseismology have difficul ties in accounting
for the new data (that are much more reliable than old one s….)



There is presently a conflict between the measurements of solar abundances
(and metallicity) and results from Helioseismology.

The mass of the neutrino is now measurable by experiment s on Earth

-Motivation for further fine tuning of the reactions from t he experimental
point of view (especially those related to nnnn emission). Must further reduce
the uncertainty: e.g inverse kinematics will be used by E RNA.

-Motivation for a reanalysis of the abundances.

-Recently Caffau et al. (2007, 2008, 2009): measurement s of C, N, O & Ne
abundances, slight increase with respect to Asplund et al.  (2005)

-Solar Z/H = 0.21 (Zo = 0.016). Marginally consistent wi th helioseismology
according to the analysis by Bachall et al.  (2000).

-Further motivations to reanalyze some of the reactions on  light nuclei: 
1) BBN  and the Li-plateu problem.
2) Light nuclei destruction (and Li production) in r ed giants-AGB stars

DO WE STILL NEED MEASUREMENTS FOR THE SUN??



H-Burning Reaction Rates Now Measurable
at the Gamow Peak

Courtesy Imbriani

New measurement foreseen in 2009 (ERNA).
Inverse kinematics, radioactive ion beam.



Neutrinos, they are very small
They have no charge and have no mass
And do not interact at all.
The earth is just a silly ball
To them, through which they simply pass,
Like dustmaids down a drafty hall,
Or photons through a sheet of glass.
They snub the most exquisite gas,
Ignore the most substantiall wall,
Cold-shoulder steel and sounding brass;
Insult the stallion in his stall,
And scorning barriers of class,
Infiltrate you and me! Like tall
And painless guillotines, they fall
Down through our heads into the grass.
At night, they enter at Nepal
And pierce the lover and his lass
From underneath the bed --- you call
It wonderful; I call it crass.

[John Updike, in Telephone poles and other poems, 19 60]



Important for more massive stars and for H-shell burning in red giants

Noticeable experimental and theoretical work has addres sed the CNO cycle in
the recent past, e.g. 14N(p,gggg)15O (see: Schroeder et al. 1987; Angulo et al. 2001)

CNO, Ne-Na, Mg-Al Cycles

Runkle et al.  2002, Phys Rev C 66
Formicola et al. 2004, Phys. Lett. B. 591 
Runkle et al.  2005, Phys Rev C 94

14N(p,g)              Bemmerer et al. NucPhys A   2006
Marta et al. PhysRev C   2008 

15N(p,a)12C La Cognata et al.            PhysRev C   2 007 
16O(p.g) Iliadis et al. PhysRev C   2008
17O(p.g) Chafa et al.                      PhysRev C   2007
17O(p.a) Chafa et al.                     PhysRev C   2007
18O(p.a) La Cognata 2008         PRL 2008  (PASA 200 9)  

Chafa et al.                     PhysRev C   2007
17O(p.a) Chafa et al.                     PhysRev C   2007 
18O(p.a) La Cognata 2008          PRL 2008  (PASA 20 09) 

(LUNA III (Junker’s talk)



Increased knowledge of the composition of red giants and  of old stars (e.g. 
from Globular Clusters), showed that all nuclei affec ted by proton captures, up 
to Si, have stellar abundances depending on (at least)  two parameters:

• Efficiency of mixing processes
• Reaction rates for their production and 

destruction

While reaction rates give us the maximum inventory of a ce rtain isotope that 
we can have, mixing models must take care of explai ning how the seeds can 
be brought in contact with protons, and then how (par t of) the new 
abundances can be carried to the stellar envelope .

In general, improvements in nuclear parameters and in mixing models should
proceed together, as we can rarely get rid of either sourc e of uncertainty.

A GENERAL PROBLEM



Mixing and Nucleosynthesis 
in Red Giants
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Envelope abundances if slow mixing occurs

(Palmerini and Busso 2009)



�*�		��� �� �	��
��(+��	��
,�	������"�*�		��� -�& ����
��.�

17O in Presolar Grains
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26Al in presolar grains and 
Early Solar System
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EMERGING STRUCTURES IN THE SUN AS 
INSTABILITIES OF A TOROIDAL FIELD

Magnetized matter
has a lower gas 
pressure:
Pg

e = Pg
i + B2/8p

dPg
(i-e) (<0) = = = = ---- B2/8p

It is therefore lighter
(and cooler) & moves
outward!

MAGNETIC BUOYANCY: IF FIELDS FORM NEAR THE H-SHELL ��� � MIXING
OF NEW NUCLEI TO THE SURFACE (Busso et al.2007; Nor dhaus et al.2008;

Denissnkov et al. 2009)



BUOYANT TOROIDAL STRUCTURES 
OR DETACHED BUBBLES? 

CASE 1:

Slow and
Lazy:

Cool
Bottom
Processes?

CASE 2

Fast and
furious:

Cameron
& Fowler
process?

Palmerini & Busso 2008



Advantage of Magnetically-Induced Mixing



Another General Problem

If mixing is due to magnetic buoyancy, or in general if m agnetic
fields are present, then the Lorentz force separates ele ctrons and
ions.

The conductivity is infinite, hence on a macroscopi sc ale the star
remains always neutral

However, can we assume this at the microscopic scale? If not,
electron screening might be very difficult from what is as sumed
(Reduced screening? Stronger Coulomb barriers?)

I have no notice of calculations on this, but stars ARE m agnetized.

Someone should check this!
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15N-rich



Nitrogen in presolar grains

Excess 15N observed, incompatible with AGB models, in grains th at do 
come from AGB stars. Needs 15N production in AGBs and/or more 14N
destruction (by a factor of 1000 in the rate, Huss e t al. 1997)!!
Big problem already with NACRE (Arnould et al. 1999).

Recent reaction rates for 14N+p exacerbate the problem!

No 14N added
on the RGB.

Impossible!



Fluorine in AGB Stars

1.  In the He-intershell 15N  can be produced in radiative conditions
(interpulse) through p and n captures starting from 13C, in a 
‘pocket’ generated by extended mixing (Lugaro et al. 2004). 

2.   F can be produced in the thermal pulses, through 15N burning (before
the max. of convective development: T=2 – 2.2x108K). Attempts by 
Jorissen et al., Mowlavi….., Cristallo et al… F-rich AGBs still not 
explained. 



cross section x
abundance

2 processes:
A<100: not saturated

A>100: flow equilibrium

different 
red giant stars

branchings:
……indicated for

Pb/Bi region

Courtesy: Franz Kaeppeler 2007



Main requests for the s-process

Better rates for weak interactions, with a comprehensive data set
for unstable nuclei from Fe to Pb (compilation: 22 years old!)

More data on several lighter nuclei (for rates dependin g on T)
[e.g 41Ca, 7Be]

Cross section of critical nuclei near branchings

Better accuracy around N=50

-> BUT, first of all, we need a REAL model for the forma tion of the
13C neutron source!! Again this is a question of extra-mixi ng, AND

A REDUCED DISPERSION on 22Ne+a a a a at low energies (LUNA MV,
Junker’s talk).
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(From Limongi 2005)

NEW MEASUREMENTS FORESEEN FROM ERNA AND LUNA



CONCLUSIONS

-Still space for refinements of reactions in the pp chain

-Improvements on CNO nuclei must go in parallel with imp rovements
for mixing processes in stars

-Better assessment of electron screening needed in stel lar plasmas

-Ne-Na, Mg-Al regions and problems of intermediate nucl ei (e.g. F)
will be very relevant in the near future

-12C(a,g)a,g)a,g)a,g)16O  still a dominant source of uncertainty on stelalr evo lution

-s-process in good shape. Any improvement (welcome!) bec omes now
a tool to constrain the uncertain stellar parameters

- Finding a realistic model for the 13C neutron source is mandatory! 


