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Axion Motivation
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Helioscope & BabylAXO
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High magnetic fields for fundamental physics - Scientific Figure on ResearchGate. Available from:

https://www.researchgate.net/figure/The-axion-helioscope-concept-Axions-are-produced-in-the-sun-and-travel-towards- 2 2

the_fig6_323904881 [accessed 4 Sept 2025] A = 0.003m A = 0.385m
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Enhanced axion helioscope:
Irastorza et al.,JCAP1106:013,2011

https://agenda.infn.it/event/34455/contributions/204049/attachments/108291/153183/PATRAS_Schneekloth_IAXO.pdf



BabylAXO Gamma-ray Detector Motivation

(a) NN: Betelgeuse
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Background Dispersion (Cosmic Muon)
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Project Goal

1. To study effects on 5.5-MeV and 100-MeV detector acceptance

due to detector positions, sizes, and materials

2. To analyze gamma-ray shower profile comparing to simulated

background muon profile to further cut out backgrounds



Methodology for Acceptance Study

* Using OpenGATE (Geant 4-based) to simulate interactions between radiation and detector for many

events (10° — 109)
Name Density(g/cm3)  Resolution Price/cm3
° Choosing Materials: GAGG:Ce 6.63 ~5—-6% $160 -200
. . _ Nal (Tl) 3.67 ~6—7%  $20-—30
* High energy resolution but expensive : GAGG
Csl (T\) 4.51 ~6— 8%  $10-—20
* Medium energy resolution with medium price : Nal, Csl Polystyrene 1.02 ~20—=25% < $5

* Low energy resolution but cheap : polystyrene (plastic)

« Extract the acceptance for each given variations 25mm-Steel plate

—l A SgggoggdiaezEds: ; LIy e R
| A A .
5.5 & 100 MeV detected 5.5 & 100 MeV detected o

in vacuum outside vacuum (air)



Counts

Deposited Energy Histogram
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https://www.researchgate.net/figure/The-geometry-of-Compton-scattering-showing-the-
directions-of-the-scattered-photon-and_fig1_236737231 [accessed 4 Sept 2025]
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Deposited Energy Histogram (included energy resolution)
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Deposited Energy Histogram (included energy resolution)
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Calculating Acceptance with Energy Cut

Energy Deposited per Event (Randomized) Energy Deposited per Event (Randomized)
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Methodology for Shower Profile Study

Describe shower profile with X,y,z,r and Ox, Oy, Oz, Oy for each individual events

* Study 100-MeV gamma’s shower coverage (not shown here) N Y wi(x; %)’
_ dim1 Wik =
X = N O = | 5
* Compare 5.5-MeV gamma profile to cosmic muon’s (1 GeV) i=1 Wi ,\ (N'—UEW;
X

Analyze differences between background cosmic muons and gamma-ray signals

14



Selected Results : 0, vs. o,

GAMMA 5.5 MeV
o, and o, are correlated
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Conclusion

* BabylAXO’s potential for detecting MeV photons

—> higher axion masses detection

* Considering acceptance
* Detectoris better equipped in vacuum for 5.5 MeV (better acceptance)
* Equally good for 100 MeV (no significant difference)

* Materials: GAGG, Csl, Nal behave similarly; better to choose Csl (higher acceptance at lower price)

* The shower from gamma-ray and muon background differs significantly for muons entering

perpendicular to the beam axis in energy range and shapes

16
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Solar Axion Interactions

2.1. Axion-nucleon coupling

Coupling to nucleons oceurs through the spin operator ¢ [6] and because axions

carry spin-parity J© = 0—,1%,2~, ... nuclear deexcitation via axion emission occurs

predominantly via M1 magnetic nuclear transitions. Several channels for solar axion

emission via these transitions [28, 29, 15], such as

'Li® — 'Li4+a (0478 MeV), (3)
3 - C

p+d— He' +a (55 MeV). (4)

2.3. Expected axion flur from D(p,~)*He

Also of interest for hadronic axions is the radiative capture of protons on deuterium,

also referred to as proton-deuteron fusion [28]. The reaction

p+ d —* He + 1 (11)

ru -
The branching ratio for axion emission T = U955,

18
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Supernova Axions

gpl ===~ Free-streaming: NN |
—— Tree-streaming: NN + N
20 —— Trapping (rescaled to 1/100) 1
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Figure 1: Schematic representation of the Feynman diagrams for the NN bremsstrahlung . L o
Figure 2: Time-integrated ALP emission spectrum from our benchmark SN model [38]. The

continuous black line depicts the spectrum line-shape including both contributions
from NN bremsstrahlung (NN) and pion conversions (wN), while the dashed
black line refers to the bremsstrahlung-only contribution in the free-streaming
regime. The corresponding spectrum for the trapping regime is depicted as a
continuous red line. Note that we rescaled the trapping curve by a factor of 1/100

(left panel) and the pionic Compton-like process (right panel).

for the visualization. Here the ALP-neutron coupling is fixed at g,, = 0, while
the ALP-proton coupling is set at g,p = 5 x 10710 free streaming scenario and at
gap = 3 x 1079 in the trapping case.

arXiv:2502.19476 19



Variations in Configurations
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100 MeV : Vacuum vs. Air

* Spectra
Energy Deposited per Event (Randomized) Energy Deposited per Event (Randomized)
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Price (Euro)

Price vs. Acceptance

Price vs Acceptance for Different Materials (G4_Galactic, a)
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Price (Euro)

Price vs. Acceptance

Price vs Acceptance for Different Materials (G4_Galactic, b)
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Energy: 5.5 MeV (a)
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Energy: 5.5 MeV (a)
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Energy: 100 MeV (b)
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Energy: 100 MeV (b)
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Results: Radius (Csl

Acceptance cut at 4 MeV (%)

5.5 MeV photon, detector in air with different radius
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