Axions, ALPs and other
astroparticles in stellar interiors
and
the importance of precise nuclear
reaction rates

Oscar Straniero
INAF-Teramo
INFN-Napoli -> LNGS
(LUNA collaboration)



LUNA (MV), o piu in generale gli esperimenti di
astrofisica nucleare, non producono
(direttamente) risultati di “nuova fisica”, ma
possono rendere felice un sacco di gente che
cercano nuova fisica.



A promising case: Axion cooling in
stellar interiors
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Solar Axions Telescope at CERN

The predicted solar axion spectrum is eurrently searched
by the CERN Axion Solar Telescope (CAST) (23], look-
ing for conversions into X-rays of solar axions in a dipole
magnet directed towards the sun. CAST searches with
vacuum Inside the magnet bores achieved a limuat of
Joy = 0.88 % 10717 GeV—! for m, < 0.02 eV (23], an ex-
cellent constramt for very light ALPs. For realistic QCD
axions, CAST has explored the mass range up to 1.17 eV,
providing the bound g,y < 2.3 — 3.3 x 107" GeV~! at
95 % CL, by using ‘He [24] and “He [25, 26] as buffer
gas,
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Scattering cross section
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To caleulate the eross section, Eq. (9), we now use the following kinematie relations:
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tions of the photon in a plasma.?

Non- degenerate electrons
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Axions energy loss (erg/g/ s)
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Axion e-loss rate, T¢,=0.5, 1, 2
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Fig. 2. Solid lines: axion production rate versus density for a pure He mixture and T= 5x 107 K (red), 108 K
(black) and 2 x 10® K (green). Dashed line: T= 10%, but for pure C.



0.82 M, : Just before the He-flash (RGB tip)
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Core He burning (HB)
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39 Galactic Globular Clusters

[M/H]

<R.> = 1.39+0.03 (68% CL)



Rin(9,,,Y)=6.26xY —0.41xg, *—0.12

33 CAST (QCD axions) TAELE I: axion-photon coupling bounds
2.3 R Y  gw
T . . bounds from low-% 11 regions  up 95% 1.33 0.260 0.66
I CYIOUE ana’ . up 68%  1.36 0.257 0.57
CAST (ALPs) - central value 1.39 0.254 0.45
- low 68%  1.42 0.251 0.29
0.8 - low 95%  1.45 0.248 0.00

HB (new analysis. 95% CL)

bounds from SBEN up 95%
- up G8%
- central value
- low GE%

oy (x1071°GeV™")
>

- low 95%,

bounds from Y, up 95%
- up G685
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33 002478 (.50
36 0.2475 0.42
39 0.2472 0.31
A2 02460 0.15
A5 002466 0,00

23 0260 0.76
A6 0.260 0.71

0.28

Jay = 0457012 x 1071 GeV~!  (68% CL)

Ayala, Dominguez, Giannotti, Mirizzi & Straniero 2014, PRL accepted



Y from low-Z HIl extragalactic region
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Axion cooling Gamow's peak energy

competes with the T=70 MK(RGB)
14N+p 65 KeV
nuclear energy
. T =200 MK (He-burning)
production

12C+a 300 KeV
bKT T =500 MK (C-burning)

0_( 2 12C+12C 1.5 MeV

14N(p,v) 50 LUNA400 (LUNA MV)
3a (?)

12C(a,y)t°0 main target LUNA MV
12C(2C,y)*Mg* LUNA MV ?
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S(E) [keVh]

From Adelberger et al. 2011
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A unique setup for a large range of E: possible with LUNA MV



N, <o,v> (10-13 cm3mol-is-1)

for T4=0.2

Low |[Adop. |high
Kunz et al 5.25 7.58 10.2
2001
Buchman 3.04 7.04 13.04
n 1996
NACRE 5.44 90.11 12.8
CF88 4.74
CF85 11.3
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+2C(a,y)*°0

At the Gamow peak around E ~ 300 keV the cross section is dominated by ground state capture
proceeding through two subthreshold resonances with J* = 1" and 2". Those interfere with
contributions from higher lying states and the direct capture process. In addition cascade
transitions take place. The current estimates of the astrophysical cross section are based on R-
Matrix analyses, taking into account direct measurements at higher energies (E = 1 MeV).
elastic scattering data and the P—delayed a-spectrum of '°N (providing information on the
reduced width of the subthreshold 1 state).
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Figure 6§ Leta, ,1;1"6(} total cross section as measured by the RMS experiments ERNA (black dots with line
fo guide the ave, [5]) and DRAGON (solid biue circles, [21]) compared to the sum of all yray fransitions
Jfrom the measurements of Kunz et al. (solid red triangles-up, [24][25]), Kettner ef al. (solid magenta
squares, [23]) and Redder et al. (solid green triangles-down, [22]). Good agreement is found between

between ERNA and Kunz ef al, while the DRAGON data points show larger deviations around the
resonances af 2.4 and 4.4 Mel”



