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• Axion Miniclusters in the Milky Way 

• Axion-photon conversion in NS magnetospheres 

• Axions from the Sun 

• Direct detection of the axion at INFN Frascati National Labs
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Assumption: The PQ symmetry broke after inflation,
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The PQ field embedding the QCD axion field
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Figures from Steen Hannestad

http://dx.doi.org/10.1103/PhysRevD.80.035024
http://dx.doi.org/10.1103/PhysRevD.81.063508
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Assumption: The PQ symmetry broke after inflation,

EoM for the PQ field:
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Figures from Steen Hannestad
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Misalignment mechanism

Large occupation number:
<latexit sha1_base64="4NR2SAxQlPPzRnzDVbTG21fWtME="></latexit>

N ⇠ ��3
c (⇢DM/ma) ⇡ 1027(µeV/ma)4

We are dealing with a classical field

Equation of motion in a FLRW background:
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�̈� 1
a2r2

�+ 3H�̇+ @V (�,T )
@� = 0

<latexit sha1_base64="jG3zJUJQYifbdbNiUPXkWWjoyVE=">AAACCXicbVDLSsNAFJ3UV62vqks3Q4vQopRE8LEpFLtxWaFNC00Ik+mkHTp5MDMRQujWjVs/w40LRdz6B+76N07TLrT1wIXDOfdy7z1uxKiQuj7VcmvrG5tb+e3Czu7e/kHx8MgUYcwx6eCQhbznIkEYDUhHUslIL+IE+S4jXXfcnPndB8IFDYO2TCJi+2gYUI9iJJXkFKFZsaIRPYftul6FdWg6qcV92Gy1J5lRdYplvaZngKvEWJByo2SdPU8bScspfluDEMc+CSRmSIi+oUfSThGXFDMyKVixIBHCYzQkfUUD5BNhp9knE3iqlAH0Qq4qkDBTf0+kyBci8V3V6SM5EsveTPzP68fSu7FTGkSxJAGeL/JiBmUIZ7HAAeUES5YogjCn6laIR4gjLFV4BRWCsfzyKjEvasZV7fLeKDduwRx5cAJKoAIMcA0a4A60QAdg8AhewBt41560V+1D+5y35rTFzDH4A+3rB3vMmqw=</latexit>

V (�, T = 0) = VCPT(�)

Finite temperature, QCD instantons effectively couple the axion to the plasma
<latexit sha1_base64="2+8X4cbXNJmfa7CsYqmO9az6wHU="></latexit>
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⌘
[Gross+ 1981]

The exact assessment comes from lattice QCD computations [Borsanyi+ 2016]

Zero temperature: [Di Vecchia & Veneziano 1980]

https://doi.org/10.1103/RevModPhys.53.43
http://dx.doi.org/10.1038/nature20115
https://www.sciencedirect.com/science/article/abs/pii/0550321380903703
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Assumption: The PQ symmetry broke after inflation,

String energy per unit length:
<latexit sha1_base64="YtkYuu58VEiX1vWV766x19zIDJg="></latexit>
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Figures from [Buschmann+ 2020]
Before QCD PT During QCD PT After QCD PT
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String network quickly enters a scaling regime with
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.161103
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Various groups work on axion string simulations: no agreement
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N ⇡ 50003
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log(fa t) ⇡ 70Yet                          needed

[Gorghetto+ 2018, 2021]

Credits: Ed Hardy
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“Effective Nambu–Goto string”  
 leads to more axions and a higher DM mass
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q > 1
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q = 1 “Collapsing loops” with            . 
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⇠ ⇡ 1

[Davis 1985, 1986; Battye & Shellard 1994a, 1994b]
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⇠ meV
An IR spectrum is also found in [Hiramatsu+ 2011]

[Harari & Sikivie 1987; Hagmann+ 1999]
Supported recently by [Buschmann+ 2020, 2022]

https://link.springer.com/article/10.1007/JHEP07(2018)151
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https://www.sciencedirect.com/science/article/abs/pii/037026938690300X
https://doi.org/10.1016/0550-3213(94)90573-8
doi:10.1103/PhysRevLett.73.2954
doi:10.1103/PhysRevD.83.123531
doi:10.1016/0370-2693(87)90032-3
doi:10.1016/S0920-5632(98)00506-4
https://doi.org/10.1103/PhysRevLett.124.161103
https://doi.org/10.1038/s41467-022-28669-y
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Predictions for the DM mass of the QCD axion

Ciaran O’Hare, AxionLimits: https://cajohare.github.io/AxionLimits/

https://cajohare.github.io/AxionLimits/
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We introduce the QCD axion     through the Lagrangian terms: 

The QCD theta term is minimized dynamically to

9

The QCD Axion: foundations

<latexit sha1_base64="/v+lx7CECWg+3HmjJ1epYxv8lUc="></latexit>

L � 1

2
@µ�@

µ�� ↵s

8⇡

�

fa
Ga

µ⌫G̃
µ⌫
a

<latexit sha1_base64="5L4ihmeSDX0k9+mxPf9hNdZ8GrI=">AAACD3icbVDJSgNBEO1xN25Rj14ag+LFOCNuF0H04jGCMUImhJpOTdLY0zN01wgh+Ade/BUvHhTx6tWbf2NnObg9KHi8V0VVvShT0pLvf3pj4xOTU9Mzs4W5+YXFpeLyypVNcyOwKlKVmusILCqpsUqSFF5nBiGJFNaim7O+X7tFY2WqL6mbYSOBtpaxFEBOahY3QwW6rZCHWUfuxE3goRkKx3w7jMCE1EGCZrHkl/0B+F8SjEiJjVBpFj/CViryBDUJBdbWAz+jRg8MSaHwrhDmFjMQN9DGuqMaErSN3uCfO77hlBaPU+NKEx+o3yd6kFjbTSLXmQB17G+vL/7n1XOKjxo9qbOcUIvhojhXnFLeD4e3pEFBqusICCPdrVx0wIAgF2HBhRD8fvkvudotBwfl/Yu90snpKI4ZtsbW2RYL2CE7YeeswqpMsHv2yJ7Zi/fgPXmv3tuwdcwbzayyH/DevwB+0Ju0</latexit>

h�/fai = �✓̄

<latexit sha1_base64="gWT6kaK4TQSJRKIyJwQual+CNgs="></latexit>

ma =
⇤3/2
QCD

fa

r
mumd

mu +md
⇡ 5.7µeV

✓
1012 GeV

fa

◆

This makes the neutron electric dipole moment (EDM) vanish

QCD axion mass [Weinberg 1978]

PQ mechanism [Peccei & Quinn 1977; Wilczek 1978; Weinberg 1978]

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�

http://dx.doi.org/10.1103/PhysRevLett.40.223
http://dx.doi.org/10.1103/PhysRevLett.38.1440
https://doi.org/10.1103/PhysRevLett.40.279
https://doi.org/10.1103/PhysRevLett.40.223
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The QCD Axion: foundations

<latexit sha1_base64="06KllZtfW/5H+i4LNPqTCl2ehI8="></latexit>

L � 1

2
@µ�@

µ�� V (�) +
1

4
ga���F̃µ⌫F

µ⌫ + ce
@µ�

2fa
ē�µ�5e+ cN

@µ�

2fa
N̄�µ�5N

Self-interacting 
potential

Axion-photon 
coupling

Axion-electron 
coupling

Axion-nucleon 
coupling

Effective Lagrangian below QCD, e.g. [Georgi+ 1986]:
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<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>
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�
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↵EM

2⇡fa

✓
E

N
� 2

3

4 + z

1 + z

◆
The coupling depends on color & EM anomalies     :
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https://www.sciencedirect.com/science/article/abs/pii/037026938690688X
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The QCD Axion: foundations

Di Luzio, Giannotti, Nardi, LV 2003.01100

Our 2020 review on the QCD axion was born here

https://arxiv.org/abs/2003.01100
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Axion Miniclusters in the Milky Way
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Axion miniclusters

In post-inflation symmetry breaks, fluctuations are            for
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k � 2⇡/Losc
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O(1)
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Losc ⇠ 1/[aoscH(Tosc)]
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⇠ 10�3 pc

Typical minicluster mass:

After MR, miniclusters merge hierarchically 
to form halos with NFW-like profiles [Vaquero+ 2019]

[Hogan & Rees 1988; Kolb & Tkachev 1994]

<latexit sha1_base64="i6XOkJWRYCNrc/lpW8//fqXKw2s=">AAACCnicbVC7TsMwFHV4lvIqMLIYKqQyUBJUXlsFC2OR6ENqQuS4TmvVjiPbQaqiziz8CgsDCLHyBWz8DW6bAVqOZOnonHt1fU4QM6q0bX9bc/MLi0vLuZX86tr6xmZha7uhRCIxqWPBhGwFSBFGI1LXVDPSiiVBPGCkGfSvR37zgUhFRXSnBzHxOOpGNKQYaSP5hT1X9oSfupJDjocleQjdWIpYCyjv06PL48rQLxTtsj0GnCVORoogQ80vfLkdgRNOIo0ZUqrt2LH2UiQ1xYwM826iSIxwH3VJ29AIcaK8dBxlCA+M0oGhkOZFGo7V3xsp4koNeGAmOdI9Ne2NxP+8dqLDCy+lUZxoEuHJoTBh0CQd9QI7VBKs2cAQhCU1f4W4hyTC2rSXNyU405FnSeOk7JyVT28rxepVVkcO7IJ9UAIOOAdVcANqoA4weATP4BW8WU/Wi/VufUxG56xsZwf8gfX5A9sCmbo=</latexit>
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https://doi.org/10.1088/1475-7516/2019/04/012
https://doi.org/10.1016/0370-2693(88)91655-3
https://doi.org/10.1103/PhysRevD.50.769
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AMC mass function

Everything can be recast for different distributions of  or equivalently (MAMC, ρAMC) (MAMC, δ)

[Eggemeier et al., 1911.09417]

<latexit sha1_base64="bLEQnZZmNTKHevOF4BPBaeLXmtM="></latexit>

dP

d logMAMC
⇠ MAMC

�0.7

[github.com/bradkav/axion-miniclusters]

(Set by the Jeans mass 
 for )ma = 20 μeV

[Fairbairn et al., 1707.03310]

Extend down to MAMC ∼ 10−19 M⊙ Extend up to MAMC ∼ 10−5 M⊙
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(Growth of hierarchical structure 
 to today)

https://arxiv.org/abs/1911.09417
https://github.com/bradkav/axion-miniclusters/
https://arxiv.org/abs/1707.03310
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Milky Way Setup

Caveat: we do not deal with concurrent structure formation,  
              stellar formation & AMC distruption

[McMillan, 1102.4340]
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Axion miniclusters abundance today

The abundance of miniclusters in galaxies is assessed via Monte Carlo 
simulations of tidal stripping

Kavanagh, Edwards, LV, Weniger, PRD 2020 2011.05377

RAMC
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See also [Tinyakov+ 1512.02884; Dokuchaev+ 1710.09586]

https://doi.org/10.1103/PhysRevD.104.063038
https://arxiv.org/abs/2011.05377
https://arxiv.org/abs/1512.02884
https://arxiv.org/abs/1710.09586
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Monte Carlo procedure

But! Need to know the response of an AMC to stellar perturbations…

Sample interaction properties ( ) and perturb AMCvrel, b

Compute number of stellar interactions: 

N = ∫
TMW

0
dt n⋆(t)VAMC(t) ⋅ πb2

max

Generate sample of AMCs (with correct density 
distribution but log-flat mass function)

Collect surviving AMCs and 
reconstruct true propertiesRemove AMC from simulation

Sample orbital parameters ( , ) e ψ

AMC disrupted

AMC not  
disrupted
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Axion miniclusters abundance today
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Kavanagh, Edwards, LV, Weniger, PRD 2020 2011.05377

https://doi.org/10.1103/PhysRevD.104.063038
https://arxiv.org/abs/2011.05377
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Observational Consequences: 
Indirect searches
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[Hook et al., 1804.03145; Safdi et al., 1811.01020]

[Battye et al., 1910.11907; Leroy et al., 1912.08815]

Assuming a Goldreich-Julian model for the NS magnetosphere, emitted radio power:

Plenty of uncertainties on magnetosphere properties, conversion probabilities, anisotropy…

Transient enhancements to  from AMC encountersρc

<latexit sha1_base64="2/DP/WG2xuctrhTRwYQ3g8WECwE="></latexit>

dPa

d⌦
⇠ ⇡

3
g2a��B

2
0
RNS

6

Rc
3

⇢c
ma

Luca VisinelliAxion-photon conversion in NS magnetospheres

Look for axion-photon conversion from an individual NS
Edwards+ (with LV) 2011.05378

https://arxiv.org/abs/1804.03145
https://arxiv.org/abs/1811.01020
https://arxiv.org/abs/1910.11907
https://arxiv.org/abs/1912.08815
https://arxiv.org/abs/2011.05378
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Axion-photon conversion in NS magnetospheres
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S =
1
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4⇡s2
dPa
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Based on velocity dispersion of AMC, expect an incredibly narrow line. 
Instead, fix bandwidth BW = 1 kHz (based on telescope resolution).
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Edwards+ (with LV) PRL 2021 2011.05378

https://arxiv.org/abs/2011.05378
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Can we pick up this signal in radio?

2 grant proposals accepted 
by the Green Bank Telescope. 
We have observed Andromeda

2022: X-band observation (8-12 GHz)

Expected spectral flux densities (SFDs) from NS-AMC encounters

2023: C-band observation (4-8 GHz)
(10 GHz                )<latexit sha1_base64="b4n6i1w044wgcD8B0oRxAN4waak=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCCykzUqrLohuXFewDOkPJpJk2NMmEJCOWoW78FTcuFHHrX7jzb0zbWWjrgQuHc+7l3nsiyag2nvftLC2vrK6tFzaKm1vbO7vu3n5TJ6nCpIETlqh2hDRhVJCGoYaRtlQE8YiRVjS8nvite6I0TcSdGUkSctQXNKYYGSt13cMASamSB1jxskDx4AwGPIWkOe66Ja/sTQEXiZ+TEshR77pfQS/BKSfCYIa07vieNGGGlKGYkXExSDWRCA9Rn3QsFYgTHWbTD8bwxCo9GCfKljBwqv6eyBDXesQj28mRGeh5byL+53VSE1+GGRUyNUTg2aI4ZdAkcBIH7FFFsGEjSxBW1N4K8QAphI0NrWhD8OdfXiTN87JfLVdvK6XaVR5HARyBY3AKfHABauAG1EEDYPAInsEreHOenBfn3fmYtS45+cwB+APn8wcqJpYU</latexit>⇡ 40µeV

Walters+ (with LV) 2407.13060
Axion mass                   .        and AMC mass

Simulate 20 encounters with NS of                         and
 

Signal lasting min to hour
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MAMC = 10�10 M�
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B0 = 1014 G
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P = 1 s
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ma = 40µeV

https://arxiv.org/abs/2407.13060
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Approximate sensitivity assuming a single NS-AMC encounter

Can we pick up this signal in radio?

Walters+ (with LV) 2407.13060
Ongoing work with theorists & lab experts (Wilczek, Van Bibber, Rybka).
We formed ASTRA (Axion Search via Telescope for Radio Astronomy)

NEWS: funded by Jefferson Trust for a telescope < 2 GHz.

https://arxiv.org/abs/2407.13060


Observational Consequences: 
direct detection
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Predictions for the DM mass of the QCD axion

Ciaran O’Hare, AxionLimits: https://cajohare.github.io/AxionLimits/

https://cajohare.github.io/AxionLimits/
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Predictions for the DM mass of the QCD axion

Ciaran O’Hare, AxionLimits: https://cajohare.github.io/AxionLimits/

FLA
SH

 sensitivity

https://cajohare.github.io/AxionLimits/
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Predictions for the DM mass of the QCD axion
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Visinelli & Gondolo 0912.0015

New physics in the form of 
entropy release, modified cosmology, 
new particles… 
make lighter axions suitable DM candidates

https://arxiv.org/abs/0912.0015
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Q ⇠ 106

Power transfer from axion DM to the cavity
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Direct searches: Haloscope Luca Visinelli
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Direct searches: Haloscope
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ē�µ�5e+ cN

@µ�

2fa
N̄�µ�5N

The axion-photon coupling modifies Maxwell’s equations [Sikivie 83; 85]

Recall the effective Lagrangian below QCD:

Courtesy of ADMX collaboration
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<latexit sha1_base64="JSrVgSFEQv8rqCKfnXvQrir5GUk=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2WxG5cV7APaoWTSTBuaZEKSEcrQj3DjQhG3fo87/8a0nYW2HrhwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj+sxvP1FtWCIf7UTRUOChZDEj2DqpXe9nUvBpv1zxq/4caJUEOalAjka//NUbJCQVVFrCsTHdwFc2zLC2jHA6LfVSQxUmYzykXUclFtSE2fzcKTpzygDFiXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGt2HGpEotlWSxKE45sgma/Y4GTFNi+cQRTDRztyIywhoT6xIquRCC5ZdXSeuiGlxXrx4uK7W7PI4inMApnEMAN1CDe2hAEwiM4Rle4c1T3ov37n0sWgtePnMMf+B9/gB2R4+r</latexit>

Cnml

Cavity volume

Geometric factor

Significant enhancement when
<latexit sha1_base64="BQ4q9yDnepDNuE1aplh4MF6y/XU=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJCYSlLxWpAqWBgYWok+pCaKHNdprdpOZDtIVdWBhV9hYQAhVj6Cjb/BaTNAy5Gu7tE598q+J0wYVdpxvq2l5ZXVtfXCRnFza3tn197bb6k4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDm8yv/1ApKKxuNejhPgc9QWNKEbaSIFdqnoJhZ5IAwyvIA+Ql/CsnTSCu8AuOxVnCrhI3JyUQY56YH95vRinnAiNGVKq6zqJ9sdIaooZmRS9VJEE4SHqk66hAnGi/PH0iAk8MkoPRrE0JTScqr83xogrNeKhmeRID9S8l4n/ed1UR5f+mIok1UTg2UNRyqCOYZYI7FFJsGYjQxCW1PwV4gGSCGuTW9GE4M6fvEha1Yp7XjlrnJZr13kcBVACh+AYuOAC1MAtqIMmwOARPINX8GY9WS/Wu/UxG12y8p0D8AfW5w9bJ5am</latexit>

2⇡⌫c = ma ±ma/QL

http://10.1103/PhysRevLett.51.1415
http://10.1103/PhysRevD.32.2988
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Direct searches with INFN-LNF FLASH

Cavity search at INFN Frascati National Labs
FLASH cavity search with 

Claudio Gatti’s group (INFN-LNF) 
[Alesini+ 2309.00351] (+LV)

Partial overlap with BabyIAXO reaches 
when used as a haloscope [2306.17243]

See also the CADEx talk by Jordi Miranda Escudé

https://arxiv.org/abs/2309.00351
https://arxiv.org/abs/2306.17243


Inverse Gertsenshtein effect (see e.g. Camilo Garcia work)

High-frequency gravitational waves

<latexit sha1_base64="xFvC3gD9DrzuBQuQu5SjwswoW5k=">AAACEHicbVDLSgMxFM3UV62vUZdugkUUhDIjvjZC0Y3LCvYBnWHIpJk2NMkMSUYoQz/Bjb/ixoUibl26829M28FH64HAuefcy809YcKo0o7zaRXm5hcWl4rLpZXVtfUNe3OroeJUYlLHMYtlK0SKMCpIXVPNSCuRBPGQkWbYvxr5zTsiFY3FrR4kxOeoK2hEMdJGCuz9bpB5PPVEOoQX0CMa/dSHsPddBHbZqThjwFni5qQMctQC+8PrxDjlRGjMkFJt10m0nyGpKWZkWPJSRRKE+6hL2oYKxInys/FBQ7hnlA6MYmme0HCs/p7IEFdqwEPTyZHuqWlvJP7ntVMdnfsZFUmqicCTRVHKoI7hKB3YoZJgzQaGICyp+SvEPSQR1ibDkgnBnT55ljSOKu5p5eTmuFy9zOMogh2wCw6AC85AFVyDGqgDDO7BI3gGL9aD9WS9Wm+T1oKVz2yDP7DevwCvIJ0E</latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫
<latexit sha1_base64="4YHW684fBDoRK26H/wjURQgRDlo=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTia1l047KCfUATwmQ6aYfOTMI8hJIW/BU3LhRx63e482+ctllo64ELh3Pu5d574oxRpT3v21laXlldWy9tlDe3tnd23b39pkqNxKSBU5bKdowUYVSQhqaakXYmCeIxI614cDvxW49EKpqKBz3MSMhRT9CEYqStFLmH/ciDgaIcjvpRHnATCDMeRW7Fq3pTwEXiF6QCCtQj9yvopthwIjRmSKmO72U6zJHUFDMyLgdGkQzhAeqRjqUCcaLCfHr+GJ5YpQuTVNoSGk7V3xM54koNeWw7OdJ9Ne9NxP+8jtHJdZhTkRlNBJ4tSgyDOoWTLGCXSoI1G1qCsKT2Voj7SCKsbWJlG4I///IiaZ5V/cvqxf15pXZTxFECR+AYnAIfXIEauAN10AAY5OAZvII358l5cd6dj1nrklPMHIA/cD5/ABKElZc=</latexit>

h0 ⇠ |hµ⌫ |

Work with
Michael Zantedeschi
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Gatti, LV, Zantedeschi 2403.18610, PRD

https://arxiv.org/abs/2403.18610
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For some low-reheat temperature scenarios, 
GWs from axionic strings are detectable in 
various frequency ranges, because   in these 
models is higher when QCD axion is the DM.

<latexit sha1_base64="igh+yVDrL5lFtv+5lnFjVmhcJuQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPZpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPzr8jcQ=</latexit>

fa

GWs from axionic strings?
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Axions from the Sun

For exhaustive lists of experiments see 
[Irastorza & Redondo 2018]

Axion production in the Sun

Searched for in CAST and in proposed (Baby)-IAXO

These are relativistic axions, not the DM!
<latexit sha1_base64="I7BEVnTw0+wpfH8y7qfalEp8o6c=">AAACFXicbVA9SwNBEN3zM8avqKXNYhAsJNyJX2XQxjKCiYFcOOY2k7hk9/bY3RPDkT9h41+xsVDEVrDz37iJKdT4YODx3gwz8+JUcGN9/9ObmZ2bX1gsLBWXV1bX1ksbmw2jMs2wzpRQuhmDQcETrFtuBTZTjSBjgddx/3zkX9+iNlwlV3aQYltCL+FdzsA6KSrth0piDyKgoeGSXkV5qCVlSuOQhpCmWt3RsdTHxjAqlf2KPwadJsGElMkEtaj0EXYUyyQmlgkwphX4qW3noC1nAofFMDOYAutDD1uOJiDRtPPxV0O665QO7SrtKrF0rP6cyEEaM5Cx65Rgb8xfbyT+57Uy2z1t5zxJM4sJ+17UzQS1io4ioh2ukVkxcASY5u5Wym5AA7MuyKILIfj78jRpHFSC48rR5WG5ejaJo0C2yQ7ZIwE5IVVyQWqkThi5J4/kmbx4D96T9+q9fbfOeJOZLfIL3vsXJiye1Q==</latexit>

!a ⇠ Tcore ⇡ keV

[Redondo 2013]

Figure from Ben Safdi

https://doi.org/10.1016/j.ppnp.2018.05.003
https://iopscience.iop.org/article/10.1088/1475-7516/2013/05/010
https://doi.org/10.1088/1475-7516/2013/12/008
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XENONnT bound on (                   ) [2207.11330]<latexit sha1_base64="n4ld2Fp31DMHD/oNoYbDn6cRYGM=">AAAB/XicbVDLSgMxFM34rPVVHzs3wSK4scyIr2XRjcsK9gFtKXfSdBqaZIYkI9Rh8FfcuFDErf/hzr8x085CWw9cODnnXnLv8SPOtHHdb2dhcWl5ZbWwVlzf2NzaLu3sNnQYK0LrJOShavmgKWeS1g0znLYiRUH4nDb90U3mNx+o0iyU92Yc0a6AQLIBI2Cs1CvtB70EOgEIASk+wdmLpr1S2a24E+B54uWkjHLUeqWvTj8ksaDSEA5atz03Mt0ElGGE07TYiTWNgIwgoG1LJQiqu8lk+xQfWaWPB6GyJQ2eqL8nEhBaj4VvOwWYoZ71MvE/rx2bwVU3YTKKDZVk+tEg5tiEOIsC95mixPCxJUAUs7tiMgQFxNjAijYEb/bkedI4rXgXlfO7s3L1Oo+jgA7QITpGHrpEVXSLaqiOCHpEz+gVvTlPzovz7nxMWxecfGYP/YHz+QP2xpTs</latexit>ga� � gaePrevious results “XENON1T excess” [2006.09721]

See: Vagnozzi, LV Brax, Davis, Sakstein [2103.15834]
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Axions from the Sun

2207.11330

<latexit sha1_base64="jmnpA7/TGrmjc1gJcdkd77hnIBs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbAjvo5BLx4jmAcka5idzCZDZmfXmVkhLPsTXjwo4tXf8ebfOEn2oIkFDUVVN91dfiy4Nq777RSWlldW14rrpY3Nre2d8u5eU0eJoqxBIxGptk80E1yyhuFGsHasGAl9wVr+6Gbit56Y0jyS92YcMy8kA8kDTomxUhu7D+kJxlmvXHGr7hRokeCcVCBHvVf+6vYjmoRMGiqI1h3sxsZLiTKcCpaVuolmMaEjMmAdSyUJmfbS6b0ZOrJKHwWRsiUNmqq/J1ISaj0OfdsZEjPU895E/M/rJCa48lIu48QwSWeLgkQgE6HJ86jPFaNGjC0hVHF7K6JDogg1NqKSDQHPv7xImqdVfFE9vzur1K7zOIpwAIdwDBguoQa3UIcGUBDwDK/w5jw6L8678zFrLTj5zD78gfP5A6+mjxo=</latexit>

10�11

LZ searches: 2307.15753

https://arxiv.org/abs/2207.11330
https://arxiv.org/abs/2006.09721
https://arxiv.org/abs/2103.15834
https://arxiv.org/abs/2307.15753
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New exploration frontier: Scalar field production in the Sun 

We have considered solar chameleons produced from

Axions and scalars from the Sun

<latexit sha1_base64="LHB2SgCAFGRUR9ivz+8UGJDlAjM="></latexit>

Ve↵(�) = Vself(�) +
�m

MPl
⇢m�+

��

MPl
�
1

4
Fµ⌫Fµ⌫

<latexit sha1_base64="Sd8te/VVkOcIC6fkZCo8uyue+Qs="></latexit>
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Z
d4x

p
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(@µ�)(@⌫�)T
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�
+ SSM

<latexit sha1_base64="1bdNfGJ6TyMZ2ME1Qy0A4W3nGBM=">AAACA3icdVDNS8MwHE3n15xfVW96CQ7B02jHqNtt6MWDhwnuA9Za0izdwpK2JKkwysCL/4oXD4p49Z/w5n9juk1Q0QeBx3u/l+T3goRRqSzrwygsLa+srhXXSxubW9s75u5eR8apwKSNYxaLXoAkYTQibUUVI71EEMQDRrrB+Dz3u7dESBpH12qSEI+jYURDipHSkm8edPzMFRzqG8KpKymH7qVOD9BNzTfLVsXScByYE7tu2Zo0GvVqtQHtmWVZZbBAyzff3UGMU04ihRmSsm9bifIyJBTFjExLbipJgvAYDUlf0whxIr1stsMUHmtlAMNY6BMpOFO/JzLEpZzwQE9ypEbyt5eLf3n9VIV1L6NRkioS4flDYcqgimFeCBxQQbBiE00QFlT/FeIREggrXVtJl/C1KfyfdKoV26k4V7Vy82xRRxEcgiNwAmxwCprgArRAG2BwBx7AE3g27o1H48V4nY8WjEVmH/yA8fYJvYuXnQ==</latexit>

Vself ⇠ ⇤4
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New exploration frontier: Scalar field production in the Sun 

We have considered solar chameleons produced from

Axions and scalars from the Sun

O’Shea, Davis, Giannotti, Vagnozzi, LV, Vogel 
[2406.01691]

<latexit sha1_base64="LHB2SgCAFGRUR9ivz+8UGJDlAjM="></latexit>
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<latexit sha1_base64="Sd8te/VVkOcIC6fkZCo8uyue+Qs="></latexit>
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<latexit sha1_base64="1bdNfGJ6TyMZ2ME1Qy0A4W3nGBM=">AAACA3icdVDNS8MwHE3n15xfVW96CQ7B02jHqNtt6MWDhwnuA9Za0izdwpK2JKkwysCL/4oXD4p49Z/w5n9juk1Q0QeBx3u/l+T3goRRqSzrwygsLa+srhXXSxubW9s75u5eR8apwKSNYxaLXoAkYTQibUUVI71EEMQDRrrB+Dz3u7dESBpH12qSEI+jYURDipHSkm8edPzMFRzqG8KpKymH7qVOD9BNzTfLVsXScByYE7tu2Zo0GvVqtQHtmWVZZbBAyzff3UGMU04ihRmSsm9bifIyJBTFjExLbipJgvAYDUlf0whxIr1stsMUHmtlAMNY6BMpOFO/JzLEpZzwQE9ypEbyt5eLf3n9VIV1L6NRkioS4flDYcqgimFeCBxQQbBiE00QFlT/FeIREggrXVtJl/C1KfyfdKoV26k4V7Vy82xRRxEcgiNwAmxwCprgArRAG2BwBx7AE3g27o1H48V4nY8WjEVmH/yA8fYJvYuXnQ==</latexit>

Vself ⇠ ⇤4

https://arxiv.org/abs/2406.01691
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Ciaran O’Hare, AxionLimits: https://cajohare.github.io/AxionLimits/

Summary of axion-photon coupling bounds
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Axion models

https://cajohare.github.io/AxionLimits/
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Summary of axion-photon coupling bounds

N
S 

en
co

un
te

rs

https://cajohare.github.io/AxionLimits/
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Summary

• Lasting days to years 
• Within reach of current searches 
• Expect O(1) bright event on the sky at all 

times 
• Explored in Andromeda through GBT 
• More developments to come soon

AMC-NS radio transients Direct searches

• Road to lab detection @ INFN-LNF 
• Dawn of HFGW searches 
• For details, see  FLASH CDR 2309.00351

Thank you!
Please re-cast the results and re-use the code!

2011.05377, 2011.05378 
github.com/bradkav/axion-miniclusters 

Luca Visinelli

https://arxiv.org/abs/2309.00351
https://arxiv.org/abs/2011.05377
https://arxiv.org/abs/2011.05378
https://github.com/bradkav/axion-miniclusters

