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Impact of axion decay
on the cosmic background
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The Cosmic Background (CB)
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e Homogeneous and isotropic diffuse radiation
background, extragalactic origin [1].

e Covers the entire electromagnetic spectrum.

e Focus on the range 106 — 10 pm or 10—
102° Hz.
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Cosmic X-ray and Ultraviolet Backgrounds (CXB and CUB)
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e CXB - created mainly by accretion disks g
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; e : around active galactic nuclei (AGNSs). 2
; .| ® CUB - young stars and interstellar nebulae,
£ (‘" = ] scattering by gas and hot intercluster gas. .

o Measurements (filled symbols) and upper o
limits (open symbols). :
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e Dominated by stellar emission.
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o Direct measurements: difficult due to [} o
O e foreground emission — treated as upper
ST (Koushant 21) limits (open symbols).
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o New Horizons probe (NH): measurement at
51 AU [4], should not be affected by | i
foreground emission (green star).
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Dominated by stellar emission.

Direct measurements: difficult due to
foreground emission — treated as upper
limits (open symbols).

Lower limits from galaxy number counts
(filled symboals).

New Horizons probe (NH): measurement at
51 AU [4], should not be affected by
foreground emission (green star).




How to model the CB
5 Lo | Previous attempts in literature
&  RTXE (Revnivisev ct 3 T : oot

3 ' e CUBAmodel [2] (CXB - COB) .
— A I..: =, :-9_:
= : b3 o i W

= ry : o  Model from first principles, L
B . not fitted to CUB. e

B : T (Koushan+ '21) M .
< y | e Finke22 model [3] (COB — further)
a Models _ o Ry
Finke22 o Fitted to COB lower limits. ; :
— CUBA T -

COB - possible to model, uncertainties in
the stellar component.
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COB model -» what to model

Different COB components:
e Stars
e Active Galactic Nuclei (AGNSs)

- = 10% intensity of stars in COB
e |ntra-Halo Light (IHL)
e Possible Dark Matter (DM) decay
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COB model - fittings to data

VI, (nW / m? / sr)
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Models
—— Model A
—— Model B

Finke22
— CUBA

10°

Wavelength (xm)

We propose two cases to study:
* Model A = calibrated to starburst galaxies [9].

* Model B = general stellar evolution [3].

Freeing the stellar formation rate parameters, fit
to observational data.
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Axions and Axion-Like Particles

e Pseudo-Nambu—Goldstone boson.

e Arises from the Peccei—Quinn solution to the strong CP problem [5].

® Relaxing m, - g, relation, we have Axion-Like Particles (ALPs).

- One of the preferred DM candidates.

- m, = O(eV) we expect to observe decay into two photons. e
Feynman diagram of axion decay

= Minimum mean life t = 10% s (age of the Universe). ' into two photons

a, min
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Wavelength (gm)

Finke22
CUBA

CUBA + axion decay
(example)

A VIv,model(/lNH)_ VI v, NH :
X =

ON H

o As an upper limit. Used alongside
the other upper limits from CB.

XZZZZ VIv,model<A’)_ VIv,data :

Udata
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Axions and ALPs: decay and analysis
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Axions and ALPs: parameter space
y ,g v

i

Previous constraints from
literature.

Limits from [6].
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Axions and ALPs: parameter space

Only exclude below the green

line.

e

Limits from [6].
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Axions and ALPs: parameter space
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Likelihood analysis

NH datapoint:

| O As a measurement, so the decay

contribution has to strictly fit to it.

VIv,modeI(/lNH)_ VIV,NH ¥

ON H

X:

o' As an upper limit. Used alongside
the other upper limits from CB.

Limits from [6].
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Axions and ALPs: parameter space
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Likelihood analysis
NH datapoint:

As a measurement, so the decay
contribution has to strictly fit to it.

o As an upper limit. Used alongside
the other upper limits from CB.
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XZZ ZZ VIv,model(A')_ vi v, data
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Limits from [6].
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Axions and ALPs: parameter space

i

Likelihood analysis
NH datapoint:

ism

As a measurement, so the decay
contribution has to strictly fit to it.

)

o' As an upper limit. Used alongside
the other upper limits from CB.
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m, (eV) Limits from [6].



Axions and ALPs: parameter space

Likelihood analysis

NH datapoint:

As a measurement, so the decay
contribution has to strictly fit to it.

o' As an upper limit. Used alongside
the other upper limits from CB.

v, model (/l)_ vI v, data :

I
X2: 22 - Odatu
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Limits from [6].
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Axions and ALPs: parameter space

Likelihood analysis

NH datapoint:

As a measurement, so the decay
contribution has to strictly fit to it.

o' As an upper limit. Used alongside
the other upper limits from CB.

v, model (/l)_ vI v, data :

I
X2: 22 - Odatu

Lok R e e

Limits from [6].
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Limits from [6

Likelihood analysis

NH datapoint:

O As a measurement, so the decay

contribution has to strictly fit to it.

VIv,model(ANH)_ vI v,NH :

O—NH

X:

o As an upper limit. Used alongside
the other upper limits from CB.

Y=2)

Oda ta

VIv,model(A’)_ VIv,data)z

The choice of COB model (inset
4 brown lines) does not greatly affect
the constraints.

Only small region fits the NH point and
is accepted by upper limits. Ruled out
by other experiments.
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Conclusions and outlook

Conclusions

* Modular code to calculate different COB
contributions.

* We model CXB-COB adding an axion
decay contribution to the astrophysical
model.

* Axion parameter space with new
constraints.

Outlook

> New measurements (JWST)

> Unknown CB sources — Pop |l stars,
primordial black holes, dark stars...
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COB: sources of foreground ligh

Individual sources (stars and galaxies present in observations) = Resolve their contributions

Terrestrial emission (atmosphere) = Measurements from outside the atmosphere

Measurements from outside the Solar System

Zodiacal light (diffuse sunlight ~ _ J ©F ) : :
scattered by interplanetary dust) Subtraction of dust component with theoretical models

derived from observations
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COB model - fittings to data
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0.3 Myr e ; = EPREE S e N,
YT ¥ h : s e
0.5 Myr A Al £l oy T e R O
0.7 Myr i : IR e ; d el S g 1)
1.0 Myr ey \ e e : 6 e Tl : . .
2.5 Myr e : . . SRR T AT 2 i U e RO ;
3.7 Myr : -
= . T i : 3 i o i i oo
= Z);ﬁii | ® We use synthetic stellar spectra to simulate the luminosities ¥
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T
2 * Model A — calibrated to starburst galaxies [9]. S o
QL
S) * . Model B - general stellar evolution [3].
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< e They differ in stellar spectra, metallicity and dust treatment. :
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COB model - fittings to data

Freeing the
stellar formation
rate (sfr)
parameters,
combined fit of
EBL models ) COB lower

— Model A limits,

—— Model B Nl | emissivities and
Finke22 sfrto
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Bourne et al. 2017
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