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Axion/ALP Landscape: A Theorist's view
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Axion/ALP Landscape: An Instrumentalist’s View
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Axion/ALP Landscape: An Instrumentalist’s View

From left: Fermi/LAT Principle Investigator Peter Michelson, Fermi/LAT co-creator Bill

Atwood and Steven Ritz, project scientist at NASA. (Credit: Steven Ritz/UC Santa Cruz.)
w Fermi Operations team sporting their colorful unofficial uniforms. (Courtesy Jana Thayer.)
Putting the Large Area Telescope together. (Photo courtesy SLAC Communications.) 4. The view
of the launch from Cocoa Beach. (Courtesy SLAC Communications.) 5. The team that put the
Large Area Telescope together at SLAC. (Courtesy SLAC Communications.)
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Where to look for ALPS?
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Motivation: ALPs are theorized to have a unique spectral
signature in the prompt gamma-ray emission of CCSN. No
other known physical processes are predicted to produce
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The observed evolution of the ALP-induced gamma-ray emission in time and energy The observed ALP-induced gamma-ray spectrum for 10 and 18-Mo progenitors

in a core-collapse of a 10 and 18-Mg progenitor. averaged over 10 seconds.
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Photon from in-source conversions
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Photon from in-source conversions
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AGN, blazars, etc.
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Active Galactic Nuclei (AGN), blazars, Star-Forming (SF) galaxies, galaxy clusters
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NGC 1275
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Milky Way magnetic field

* Monochromatic photon-ALP beam propagating in a cold plasma in a homogeneous B field
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for massless ALPs and low couplings [Raffelt & Stodolsky ‘88, Horns+ "12]
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some of the Fermi
results
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* Nearby individual CCSNe (single
& joint likelihood)

* No detection (yet/)

« Constraining both light (s 10710
eV) and heavy ALPs (S 3 MeV)

* Particularly exciting venue for
future searches (ZTF, Vera Rubin)

* A running MeV-GeV instrument is
a paramount!

[Meyer+ PRL ‘17, Meyer & Petrushevska PRL ‘20, Crnogorcevic+
PRD ‘21, Miiller+ PRD ‘23, Ravensburg+ PRD ‘24, Calore+ PRD
‘24, and more]
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* Heavier ALPs - significant decay in MeV gamma rays
* Future: improved characterization of backgrounds, galactic SN limits
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[Davies+ '22] . .
: * Blazar jets serve as new potential

ALP-photon mixing regions
* Three flaring blazars: 3C454.3, CTA

10—10

T; _ 102, and 3C279
% ? : e " 95% excl. * Modeled a full photon-photon
. s | |wmm 3C454.3 dispersion in the jet
il - CTA 102
L - * Slight preference for ALP signalin
10~ 24— ————— A ——— CTA 102, but combined results show
1o . 1o no significant evidence for ALPs

Legend black dotted: WD radio polarization

black dashed: spectral irregulariti . o L ,
rezcdot_ajafh:é,i’E;;ip';{ﬁﬁ‘;:t” * [Ajello+ "16, Libanov & Troitsky ‘20, Cheng+ ‘21, etc.]
gray dot-dash: DM line
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* Radio galaxy NGC 1275, also a
gamma-ray source in Fermi [Abdo+
‘09]

* Central region of the cool-core
Persius cluster, z=0.0176
* High central magnetic field

* ALP limits driven by the ICM
modelling; popular target for ALP
searches
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NGC 1275: spectral irregularities

* Milky Way & Persius cluster , [Ajello+"16]
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* GRB 221009A and other GRBs to constrain the ALP parameter spae pee /
e.g. Crnogorcevic+ 21, Meyer+ '23]

* Other nearby blazar sources & multiwavelength considerations (with
H.E.S.S.) space [see e.g. Abramowski+ 13, Zhang+ 18, Guo+ '20, Carenza+ 21, Ecker
& Calore 22, Jacobsen+ ‘23]

e Constraints on coupling with nucleons and electrons [see e.q. Calore+ 21]
* Axion fireballs from CCSNe [see e.g. Diamond+ 23]

* Hypermassive neutron stars ALP signatures [see e.q. Harris+ 20, Zhung+ 22
* Resonant ALP-photon conversion around pulsars [see e.q. Pshirkov+ 07]

e Solar searches, main-sequence stars, etc.
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Venues for the future searches: Galactic SN
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Venues for the future searches: Galactic SN
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Figure description: (1) Two neutron stars (NS) orbit each other until the (2) merger, followed by (3) the formation of a hypermassive neutron star (HMNS). There, ALPs are
produced via the neutron-neutron bremsstrahlung process. Once produced, ALPs travel undisturbed (4), until they reach the magnetic field of the Milky Way (5). In the
Milky Way's magnetic field, ALPs convert into gamma-rays, which then can be detected by Fermi (6).
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Gonclusions & Outiook

* Fermi-LAT continues to be a crucial player in uniquely characterizing
axions and ALPs, leading candidates to describe the nature of dark matter
(and more).

* No other current experiment can search for the MeV-> soft GeV
signatures of ALPs from astrophysical sources.

* Probes are multiwavelength & multimessenger, as the characterization of
classical physical processes is needed.

* The future of ALPs is bright (pun intended). We must make sure we have
something to capture it. (Fermi, in concert with CTAs and MeV
instruments.)

Thank you.
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