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Axion-like particles (ALPs)

* Hypothetical pseudo-scalar
particles with mass m, and
effective coupling to photons 8ay

(essential for detection!)

* ALDs can reduce gamma-ray o mimessssses o
opacity of the Universe in H‘ e
external magnetic fields $ J( } st

- e.g. blazar jets, galaxy clusters, .- ey |

Milky Way
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Observed and intrinsic fluxes
Photon survival probability

Pobs(E) = Py (E,2)Pint(E)
[e.g. H.E.S.S. data points]
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Intrinsic flux

Simulated flux

https://github.com/me-manu/gammaALPs/ ) ; z

https://gammaalps.readthedocs.io/



https://github.com/me-manu/gammaALPs/
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TS distribution for turbulent fields

TSa(ma, §ay, B) = —2In L(8ay = 0) = WSTAThoarp — WSTAT ALp
L(ma’ gay, B) TS 4 d b (PG1553 3)
4 distribution 1553+11
 For turbulent magnetic fields we Mo — 100, g17 = 250 N — 100
consider 1000 realizations of the "oz - CDF L

same field for each (m , gay) pair
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* Quantiles of the resulting TS

distribution are used to set limits
* higher Q: optimistic prediction
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Comparison with existing limits
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CTAO! (blazars)
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Limits obtained from https://github.com/cajohare/AxionLimits/

9 October 2024 E. Schiavone — V Gravi-Gamma-Nu Workshop


https://github.com/cajohare/AxionLimits/

CTAO sensitivity to axion-like particles
F. Schiavone™?*, L. Di Venere?, F. Giordano’?
for the CTAO Consortium
"Universita degli Studi di Bari 2INFN Bari

on of string theories

In particular, gamma-ray photons could convert into ALPs in the magnetic fields of distant objects and then reconvert in LA

the Milky Way's magnetic d. ( ach i chanism
Adonie paricles inhigh-energyastrophysics | Dewsetsmudaton |
( Distant astrophysical sources (z < 1) 0 Obs! e o , PG 15534113 (z = 0.4) and
ttering on the exts actic m h 0.6), we simulated 50 h of observations for

course of their lifetimes, and the cosmic microwave background (CMB). Interaction between the VHE photons " 3 Souther
and the soft EBL photons leads to electron-positron pair production 8 heeler process, making the
Universe affectively opague to P Conrad, 2014, we considered two different source magnetic field
axion-like particles (ALPs) could reduce this opacity by ALP-photon osc scenarios, a turbulent intra-cluster magnetic field (8 ~ 1 uG over
cillations essentially depend on the ALP mass m, and ALP-photon coupling g, kpe scales) and a coherent jet magnetic field (B ~ 1072 G over
espectively.

g 5 w i ival probabilities over the relevant ALP parameter
3 the EBL and reconvert to photons in the Milky Way space were computed using the GammaALPs s e 2

N i okl e s Kt PthR G e s e
of distant sources would be harder than expecte by H.E.S.S. (2005) and VERITAS (2009) respectively. T a

{ - the EBL-only ¢ providing a signature for ALP: spectra were then computed between 0.1 — 100 TeV assuming
photon interaction. The observed spectrum of a both a simple pe law (PL) and a power law with e i

source with intrinsic Spectrum e would be given by cutoft (ECPL) with cutoff energy 1TeV as intrinsic
shapes. The assumed EBL model is the one by Dominguez et al,
Pobs = By Pint: 2011
. where £, is the photon val probabif Atest statistic (TS) was used of the form
= The figure on the left shows an exampl ulated
| nd absence of ALP-pho The intrinsic £(M, Gay: B)
| spectrum was extrapolated up t 100 TeV, and the | | |n the case of turbulent cluster fields, the same choice of
i B4 highlighted band in the ALP case roflects different | | parameters may lead to widely varying TS values depending on
configurations  of the turbulent netic i the specific field realization. Therefore a full TS distribution had to
considered (sei be determined for each ALP parameter set (1, uy), 35 §!
e ——— below.
® L 75, distribution (PG1553+113)

( The obtained TS for each simulated dataset was ¢ | "y = 10080 =250
the expected distribution in the null hypothes
checked to be compatible with a ¥? distribution with 7 degrees
of freedom) in order to obtain detection confidenge levels for
point in the ALP parameter space. .
nd Conrad, 2014 we used =Asimov ditasets

which allow us to regard the obtained significance as a mediany
value. In th turbulent magnetic field ver, the TS
till depends on the specific field realization. The choice of
different quantiles of the TS distribution for a certain ALP point

different degrees of optimism in detection

pace from both consid

xcluded regions by other gamma-ray obse
the CTAO projections from simulated obsarvations of NGC 1275
eported in Abdalla et al, 2021). We note that, in general, the
regions of the parameter space that can be probed greatly
depend upon the employed instruments and considered
sources, so it is worthwhile to gather, simulate and combine
data from different observations
Work is currently in progress to improve these projections by
using dedicated simulations carried out within the CTAQ
ollaboration. Reduction of uncertainties will be possible as
500 as mare accurate magnetic field models will be available.
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