Direct Measurements of Stellar Cross Sections
Nuclear astrophysics probes the stellar interior
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Why Stars?
1. “Stars demonstrate how the four forces of nature
act in harmony to create them and let them evolve
and end” (Mounib El Eid)
2.

Almost all problems in astrophysics ultimately reduce
to stars, stellar structure or stellar evolution.

Some interesting questions:
When did the galaxy form?
How? – rapid collapse of halo followed by
relaxation into disk?
two collapse episodes?
mergers?
Where and when did star formation start?
How do we study the first stars?
What is the star formation rate and initial
mass function?
How does star formation affect the evolution
of planets?
Did metal-rich stars form after metal-poor?
Is there an age range in the halo?
What are the relationships between the halo,
bulge and thin/thick disks?
What are the sources of the elements?

Open questions (closer to home):
Reactions in primordial stars
14N(p,g)
Nucleosynthesis in globular clusters
Origin of 26Al
12C(a,g)
22Ne(a,g)/(a,n)
12C + 12C

popIII abundance distributions
BOREXINO detection of CNO neutrinos
abundance anomalies, cluster evolution
evolution of solar system, planets
black hole mass gap
s-process neutron source
advanced burning in massive stars

The most interesting reactions are the hardest to measure
•
they set timescales
•
limit reaction flow
•
produce trace elements
Dedicated facilities and other capabilities are required
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Singletron Accelerator (HVEE)
Terminal voltage

0.1 – 2 MV

Terminal ripple

400 V

Terminal stability

200 V

DC beam current at 250 kV

0.4 mA (H), 0.3 mA (He)

DC beam current at 1 - 2 MV

2 mA (H and He)

Pulse frequency

0.125, 0.25, 0.5, 1, 2, 4 MHz

Pulse width

2 – 20 ns

Charge/pulse at 2 ns

10 – 20 pC

A recent highlight from LENA

J. Dermigny et al. PRC 102, 014609 (2020)

NGC 2419
previous

Mg-K anticorrelation (and other observations) implies
multiple stellar populations and appears to arise from an
unknown process. Uncertainties in 30Si(p,g)31P complicate
predictions of the abundance of K.
current

Measurements of the 435- and 501-keV resonances
indicate a lower reaction rate. The overall precision is
improved.

The need for complementary information
e.g. 92-keV resonance in 25Mg(p,g)26Al

(LUNA)

Preliminary results from Gammasphere
(G. Lotay, private comm.)
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39K(3He,d)40Ca:

Indirect Measurements

prelude to 39K(p,g)40Ca

R. Longland, et al., PRC 98, 025802 (2018)
25Mg(p,g)26Al

via 25Mg(7Li,6He)26Al

Y.J. Li et al. PRC 102, 025804 (2020)

(57-keV resonance is ~1,000 x weaker than
92-keV resonance)

40Ca(g,g)40Ca

at HIgS

Gribble, Iliadis, Janssens, prelim.

Also, measurements of inverse reactions, e.g.
12C(a,g)16O via 16O(g,a)12C

8424.8 (2-) ® 3736.7 (3-) ® 0 (0+)

Experimental Approaches to Stellar Burning
(some) Accomplishments:

Future Directions:

Improved Wbh2 in BBN: D(p,g)3He:

popIII abundance distributions
CNO neutrinos
abundance anomalies,
cluster evolution
evolution of solar system, planets
black hole mass gap
s-process neutron source
advanced burning in massive stars

[V. Mossa et al. Nature 587, 210 (2020)]

n production in first stars: 10B(a,n):
[Q. Liu et al., PRC 101, 025808 (2020)]
26Al(p,g)27Si

via 26Al(d,p)27Si

[S.D. Pain et al. PRL 114, 212501 (2015),
V. Margerin et al., PRL 115, 062701 (2015),
G. Lotay et al. EPJ 56, 3 (2020)]

Advanced burning stages: 12C + 12C
[W. Tan et al., PRL 124, 192702 (2020)]

Globular cluster abundance anomalies: NeNa cycle,
30Si(p,g)31P [F. Cavanna et al., PRL 115, 252501 (2015),
K.J. Kelly et al., PRC 95, 015806 (2016),
A. Boeltzig et al., PLB 795, 122 (2019]
[J. Dermigny et al. PRC 102, 014609 (2020)]

LENA ECR accelerator
CASPAR
STARLIB rate library
Bayesian reaction rates
AZURE
MESA

LUNA MV
LENA II
CASPAR
DIANA
University-based efforts
Next-generation detectors
JINA

