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Heavy ALPs search

Axion-like particles (ALPs) are often a
focus of research because they arise in

many BSM scenario

Focused on heavy (O(keV — MeV)) ALPs
coupled to a photon field;
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One of the easiest ways to produce heavy ALPs is via interactions in a hot stellar plasma

Primakoff process (y + Ze — a + Ze) Photon coalescence (2y — a)
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Axion production sites

Heavy axions decay quickly
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— smaller radius of a photosphere preferred

if T << m, a heavy axion production rate is Boltzmann-suppressed

dN, p
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— higher plasma temperature preferred



Axion production sites

Heavy axions decay quickly
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— smaller radius of a photosphere preferred

if T << m, a heavy axion production rate is Boltzmann-suppressed

dN, p
— x e M (m,>T)
dz

— higher plasma temperature preferred

* Horizontal Branch stars in Globular clusters (T'~ 10 keV,R ~ 10R, nyg ~ 1000)
» Wolf-Rayet stars in the Quintuplet cluster (T~ 30 keV,R ~ R, nyg ~ 10)



Modeling stars

Stellar models are generated by MESA

Profiles of temperature etc. of HB stars (left) and WR stars (right)
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Bounds on the axion-photon coupling

Compute...
* a production rate of ALPs

* a fraction of ALPs that decays to two
photons outside the photosphere
* the photon flux at the earth

Estimate the detectability by
X-ray/y-ray telescopes
» the SPI telescope turned out to

be the most optimal in our case

* boundson g, are:

-

NGC 2808 _

Gary [GeV_l]

Detector

SPI (Z=0.018)
SPI (Z=0.035)

SN 1987A(v)

mg [eV]




Backup slides



Horizontal branch stars

« 1H shell + “He core

. burning 'H and “He

T

core

~ 10 keV,R ~ 10M,,

Consider two Globular clusters:

NGC 2808 NGC 6397

Mass (Mg) | 1.42 x 10° 1.15 x 10°
Radius (ly) 62.8 17.2
Distance (kly) 31.3 7.5

Right ascension| 09"12™03 17"40™42

Declination |—64°51'48" —53°40 27
Nus 1200 105

Photospher;;

Main

1
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H-burning b
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Image: G.G. Raffelt, Stars as
laboratories for fundamental physics
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» Wolf-Rayet (WR) stars

« Massive + high rotational velocity

o 'H shell is stripped out
¢ Toore =20 keV,R ~ 1 — 2R,

core

e Quintuplet cluster

* near the Galactic Center
has 13 WC stars

1.0
« metallicity z € [0.018,0.033] ,

* Hrot = 100 km/S, Oiot — 140 km/s é
= 0.6

* lhee € [3.0,3.6] Gyr E
0.4

» Kroupa initial mass function é
e.g. C. Dessert et al., 2008.03305 02
0.0

0.00  0.25




Metallicity dependence

WR star properties have its metallicity dependence:

o left: temperature profile

* right: luminosity of axions as a function of axion mass (g, = 107 GeV™!)
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Photon flux at the earth

Possible backgrounds:
e inverse compton

* bremsstrahlung

. 1T

* emissions from pulsars

e Do

2 photons angular distribution
from each decay of photons [ ] constraints on w, ¢, L
~ 1 dN CXp _L/la(a))
dF\, =2 D’ s dw - f. (a), ca) de, - @) dL - O, (a), C,» L)
spectral fluence of decay probability

axions at the earth
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Telescopes

Angular
Sensitivity Resolution Mission Effective Observation
Mission Range (at Energy) Status Area Time
XMM-Newton [89] 0.1-15 keV 12" (2-10 keV) 1999-present ~3000 cm? 104 s
NuSTAR [90] 5 keV - 80 keV 18" 2012-present ~1000 cm? 106 s
INTEGRAL IBIS/ISGRI [91] 15 keV - 1 MeV 12/ 2002-2023 250 cm? 10° s
INTEGRAL IBIS/PICsIT [92] 170 keV - 10 MeV 12’ 2002-2023 ~1400 cm? 10° s
INTEGRAL SPI _[93] 20 keV - 8 MeV 2.5° 2002-2023 ~3000 cm? 10 s
INTEGRAL JEM-X [94] 3 keV - 35 keV 3’ 2002-2023 400 cm? 106 s
SWIFT (BAT)_[95] 15-150 keV 22’ 2004-present 5200 cm? (15 keV) 0.7x19 yrs
eROSITA [96] 0.2-10 keV 35" (2-8 keV)  2019-present 1500 cm? 10° s
Insight-HXMT /HE [97] 20 keV - 250 keV 6 2017-present 4096 cm? ~10° s
COSI [98] 200 keV - 5 MeV  ~4° (1 MeV) 2027 (planned) ~ 300 cm? 2 yrs
AMEGO (Compton) [99] 200 keV - 10 MeV ~ 4° (1 MeV) Concept ~300 cm? 0.24x 5 yrs
AMEGO-X _[100] 100 keV - 1 GeV ~10° Concept 3500 cm? 3 yrs
APT (Compton) [101] 200 keV - 10 MeV ~ 5° (1 MeV) Concept 10,000 cm? 0.82Xx 5 yrs
ASTROGAM [102] 100 keV - 1 GeV ~ 1.5° Concept 1000 cm? 1yr
e-ASTROGAM [103] 300 keV - 3 GeV ~2° Concept 9025 cm? 1yr
GECCO [104] 100 keV - 10 MeV 2° Concept 2000 cm? 10 s
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