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strong CP 
problem

QCD axion

make a 
solution

axion-like 
particle 
(ALP)

ma∝ gaγγ

• ma and gaγγ are independent 
parameters.

• Does not require to solve 
strong CP problem.

 extremely light mass
 super weak interaction
 Non-thermal production
 Not excluded by either 

DM or long-lived particle 
experiments.  

The ALP provides a 
possible solution to the 

apparent transparency of 
the universe to TeV 

photons. [See 1302.1208]

relax ma and gaγγ 

DM condition:

The long-lived ALP can be 
excluded by DM 

experiments. 

Long-lived particle:

Other: anomaly

Axions proposed as a by product of 
the Peccei-Quinn solution of the 

strong CP problem.
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If ALP is not DM, 
but long-lived 

particle, then...
Y. Chen, L. Lei, Z. Xia, Z. Wang, Y. Tsai and Y. Fan,

Searching for Axionlike Particles with X-Ray 
Observations of Alpha Centauri, 

Phys. Rev. Lett. 134, no.24, 241001 (2025)



Axion-like particle: a long-lived particle
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NuSTAR

However, NuSTAR and SpinX are not 
the most senstive telescope!

Line spectra

Detect non-
relativistic ALP 
by using looking 
for line spectra.

m_a~T



Could we improve the result from the Sun?
However, the Sun is too bright to be seen in Chandra or other 

sensitive X-ray telescope!

Closer? 
(Not possible)

Hotter?
Heavier?
Older?



• eROSITA
- wide-field X-ray telescope on-
board.
- Hardly distinguish X-ray from 
alpha-Centauri A and B.
- Photon energy range between 0.2 
kev to 8 keV.

• Chandra 
- Higher spatial resolution.
- Photon energy range between 0.1 
keV to 3 keV.

eROSITA and Chandra X-ray telescope



ALP production and capture

Photon coalescence

|ℳ|� ∝ ����
�|ℳ|� ∝ ����

�



While we detect some excesses of emission lines, none 
reaches 5σ significance. The line with the most 

significant deviation (TS[without line]- TS[with line] = 
22.4) locates at 0.2142 keV, corresponding to a 4.3σ 
significance based on a Chi-squared distribution with 

2 degrees of freedom.

ALP production and capture



Results

Our limits on gaγγ extend to ALP masses as low as 0.16 keV, 
benefiting from the lower X-ray energy threshold of Chandra and eROSITA.



Uncertainties

Sources: stellar parameters, mixing length, the Schwarzschild and Ledoux 
criteria, and convective overshooting. It is at most 12%.



If ALP can be DM 
particle...

Z. Guo, Y. Tsai, L. Wu and Z. Xia,
Constraints on Axion-Like Particles from 

16.5 Years of Fermi-LAT Data and 
Prospects for VLAST, arXiv:2507.07786

Primakoff Process 
B

gaγ



ALP can be both a LLP and DM

ALP?

2403.17697

There is no 
“DM detection”, 
so ALPs in this 

mass range 
could be either 

long-lived 
particles or 
dark matter.



Giant elliptical galaxy: NGC 1275 ​ ​ 
• NGC 1275 is highly gamma-ray 

bright, with Fermi-LAT 
significance >100 sigma.

• Its broadband spectrum follows 
the synchrotron self-Compton 
model.

• Located in the Perseus cluster, 
it offers precise magnetic field 
constraints via rotation 
measures.

BT is more or less understood



PHOTON-ALP OSCILLATION

Photon surviving probabilities

Ec is an important 
quantity to determe 

oscillation. When 
ma>>ωpl, Ec is no longer 

sensitive to ωpl.

BT



ALP-induced gamma-ray spectrum 

Free parameters to fit data are: {α, β, N0} for background and {gaγ, ma} for ALP.



VLAST-closing the MeV gap 



VLAST prospect 

Fermi NGC 1275+Quasars totally cover TeV transparency region. 
VLAST will probe gaγ~10-12 at ma~10-10 region.



Neither EBL nor GMF affects our result significantly.

Galactic 
magnetic 
field (GMF) 
model

Extragalactic 
background 
light (EBL) 
model

Uncertainties



Summary (1) long-lived ALP 
• Gravitationally trapped in the orbits of stars and subsequently 

decay into two photons -> monochromatic line spectra -> best 
senstivities. 

• New target (Alpha Centauri) for observation instead of the Sun. 

• Use of sensitive X-ray detectors like Chandra and eROSITA. 

• Most strigent limits are given even in a conservative setup. 

• Theoretical uncertainties are studied. 



Summary (2) ALP dark matter
• Our study tightens constraints on ALPs for masses ~10−9 
and 10−7�eV and couplings around 10-11 and 10−10�GeV⁻¹.

• Our results exclude previously viable regions ("holes") in 
ALP parameter space.

• Simulated result indicate that VLAST could further 
enhance sensitivity—especially extending reach to 
slightly heavier ALPs or weaker couplings.

No hole 
now



Thank you for listening!



ALP production and capture
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• Primakoff process 
has never be the 
dominant, because 
p2.

• Photon coalescence 
is only important 
when ����

�  is 
suppressed.  

• Bremsstrahlung is 
important for ALP 
mass less than 10 
keV when ����

�  is 
NOT suppressed.

• Compton dominant 
the region where 
the ALP mass 
greater than 10 keV. 



Constraints from 16.5 Years of 
Fermi-LAT Data  

Does not follow a 
chi-squared 
distribution.

We perform a Monte Carlo simulation to include 100 random realizations of
Gaussian turbulent magnetic fields.

No hole 
now



PHOTON-ALP OSCILLATION

Photon surviving probabilities

Clearly, the 
detectable mass 
range (oscillation 
signature) is more 
sensitive to Ec than 
to the detectors' 
energy upper limits.


