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If axion does exist, the Sun should be an intense source of axions. The expected energy
spectrum of solar axions, like the spectrum of solar neutrinos, contains both continuous spectra
and monochromatic lines. There are 6(7) main axion formation processes inside the stars:




Resonant excitation of nuclear levels

The axions can be produced when thermally excited nuclei (or excited due to
nuclear reactions) in the Sun relaxes to its ground state and could be detected
via resonant excitation of the same nuclide in a laboratory.
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7Li, 57Fe, 83Kr, 169Tm ’Li, °’Fe, 83Kr, 199Tm

The monochromatic axions can excite the same nuclide in a laboratory,
because the axions are Doppler broadened due to thermal motion of the axion
emitter in the Sun, and thus some axions have suitable energy to excite the
nuclide.

The axions from Primakoff, Compton and Bremsstrahlung processes with wide
continues energy spectra can also excite low-lying levels of some nuclei.
169Tm is more promising nucleus

Searches for solar axions were performed using reaction of
resonant absorption by “Li-, °’Fe-, 19Tm- and 83Kr-nuclei.




Resonant excitation of nuclear levels
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1,2—the spectra of the axions produced
by the Compton process and the
bremsstrahlung (g,.=101'). 3—spectrum
of the axions produced by the Primakoff
effect (g,,=101° GeV1). The level scheme

of the 169Tm nucleus is shown in the inset.
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The detection probability of the axions is
determined by the product g2,, -g%ay Which is
preferable for small g,, values.

Phys. Lett. B 678 181 (2009)  Phys.Rev.D83, 023505 (2011)
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To search for 8.41 keV ys the planar Si(Li)
detector with a sensitive area diameter of 66 mm
and a thickness of 5 mm was used.

R~ g2Ay Xg2an
l R ~ 0%pe X0%an ; ]
oa The detection probability of the axions is
"0 2 4 6 8 10 12 |determined by the product g%, xg%,y and g2,
E,, keV xg?an Which is preferable for small g, values.

The search for resonant absorption of Primakoff, Compton and Bremsstrahlung solar
axions by 169Tm nuclei have been performed using Si(Li) detector and Tm target.
The expected axion count rate is proportional R ~ g2,, xg#,\ for Primakoff axions and

R ~ g A g AN for Bremsstrahlung and Cometon axions. PL B 678 181 (2009) PRDS3, 0235024ERE
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Spectrum measured with 2 cm? Si(Li)-
detector in the region 7.6-11.4 keV.

measured with 169Tm target.

Spectrum of 34 cm? Si(Li)-detector
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DVQQ transition of ®3Kr nuclei (INR BNO + PNPI)

A search was carried out for 9.4 keV axions emitted in the M1 transition of 83Kr
nuclei on the Sun, using the resonance absorption reaction : A + 8Kr — 8Kr*—
8Kr +y (9.4 keV). To register y-quanta and electrons arising from the discharge of
the nuclear level, a proportional gas chamber filled with 99.9% enriched krypton-
83 and located in a low-background installation in the underground laboratory of
the Baksan Neutrino Observatory was used.
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Two proportional Kr-chambers with the first layer of passive protection. Spectrum of
the Kr camera measured over 613 days. Limits on gAy. Decay scheme and the

Andyrchi mountain, under which the BNO INR is located at a depth of 4800 m.



Two recent papers about Tm,;Al:O,,-bolometer
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Tm3;Al:O,, crystal is a new promising bolometer.

The properties of thulium garnet Tm;Al:O,, were studied with the aim of using it to search for
resonance excitation of the first nuclear level of 1°Tm (8.4 keV) isotope by solar axions: A +
169Tm — 169Tm* — 169Tm + y (8.41 keV). X-rays and y-quanta, conversion and Auger electrons
that occur during the discharge of a level with an energy of 8.4 keV will be detected by the
same crystal. It was established that Tm;AlI;O,, at a temperature of 10 mK can operate as a
bolometric detector, the radiation purity of the crystal, its optical properties were studied, and
the first spectrum of phonon signals was obtaineq c\)/‘yith an NTD (neutron transmutation doped)
sensor.. :

Counts /40 keV 3.8 h

Left: TmAI;O,, crystal inside a copper holder which was cooled to a temperature of 10
mK. Gold wires provide electrical contacts. Right: Specfrum of a Tm-bolomefter,
measured with NTD thermistor, and the results of 24 1Am a-peak fitting.




Tm,;Al:O,, cryogenic bolometer at 10 mK
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A search for resonant absorption of solar axions by %°Tm nuclei was carried out. A newly developed approach
involving low-background cryogenic bolometer based on Tm;Al;O,, crystal was used that allowed for
significant improvement of sensitivity in comparison with previous %°Tm based experiments. The
measurements performed with 8.18 g crystal during 3.9 days exposure yielded the following limits on axion
couplings: [g,,M|s2.31x1077 and : [ga.ma|<4.59%107° eV.




The existing upper limits on
Oae (90% c.l.).

1 — Tm;Al;O;, bolometer;

2 - Borexino;

3 - reactor;
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4 - accelerator;

5 - orthopositronium;

6 - LUX (solar);

7 - PANDA Il (DM);

8 - 0.1 from neutrinos;

9 - 169Tm + Si (Li) “target-
detector”;

10 - red giants;

11 - 83Kr, Baksan
(preliminary);

12 - Tm bolometer with an
exposure of 1 kg per year in
backgroundfree experiment.
13 - g, Values in DFSZ and
KSVZ axion models.




Limits on axion-photo coupling g,, and my,

The existing upper limits on
Ja, (90% c.l.).

1 — Tm3;Al;O,, bolometer;
2 a,b - Borexino;

3 - reactor;

4 - accelerator;

5 - 189Tm + Si (Li) “target-
detector”;

6 — Cosme, Solax, Dama;
7 - CAST,;

8 - telescopes;

9 - HB stars;

10 - red giants;

11 — SUSY and mirror
models;

12 - IAXO (project)

13 — Tm-bolometer with an
***Tm,1 kg y, B=0 exposure of 1 kg per year in
— background free experiment.

10° 10° 10’ |14-g,, valuesin DFSZ and

m,, eV KSVZ axion models.
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Number of words neutrino and axion in
a title of' papers in arXiv.org
during last 5 years:

2016 2017 2018 2019 2020 2021
Neutrino 830 782 760 953 820 528
Axion 148 200 232 264 333 218
Al N 018 026 031 028 041 041
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