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• Axion Miniclusters in the Milky Way 

• Axion-photon conversion in NS magnetospheres 

• Searching for axions in M31 (Andromeda) 

• Bonus: Direct detection of the axion at INFN Frascati National Labs

2



Luca Visinelli

We introduce the QCD axion     through the Lagrangian terms: 

The QCD theta term is minimized dynamically to
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The QCD Axion: foundations
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This makes the neutron electric dipole moment (EDM) vanish

QCD axion mass [Weinberg 1978]

PQ mechanism [Peccei & Quinn 1977; Wilczek 1978; Weinberg 1978]
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The QCD Axion: foundations
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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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The coupling depends on color & EM anomalies     :
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Axion Miniclusters in the Milky Way
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The QCD Axion: Role as the Dark Matter

“Axion Dark Matter” Snowmass 2021 White Paper 2203.14923

https://arxiv.org/abs/2203.14923
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Axion miniclusters

In post-inflation symmetry breaking, fluctuations are            for
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Typical minicluster mass:

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

[Hogan & Rees 1988; Kolb & Tkachev 1994]
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Axion miniclusters abundance today

Kavanagh+ (with LV) 2011.05377

RAMC
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See also [Tinyakov+ 1512.02884; Dokuchaev+ 1710.09586] 
+ more numeric papers afterwards (DSouza+)

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

Bradley Kavanagh     Thomas Edwards

Christoph Weniger

https://arxiv.org/abs/2011.05377
https://arxiv.org/abs/1512.02884
https://arxiv.org/abs/1710.09586
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Milky Way Setup Luca Visinelli

Schematic modeling of a spiral Galaxy
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Milky Way Setup

[McMillan, 1102.4340]
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Luca Visinelli

Schematic modeling of a spiral Galaxy Stellar content

https://arxiv.org/abs/1102.4340
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Milky Way Setup

[McMillan, 1102.4340]

��-� ��� ���

���

���

���

��-�

��-�

��-�

��-�

��-�

��-�

��-�

Luca Visinelli

Schematic modeling of a spiral Galaxy Stellar content

+ spherical DM halo (NFW)
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Milky Way Setup

Caveat: we do not deal with concurrent 
 structure formation,  

              stellar formation & AMC disruption
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<latexit sha1_base64="+47CFrqIn80fG9AMWyIFb2yYuhY="></latexit>

nAMC(r) = fAMC
⇢DM(r)

hMAMCi
<latexit sha1_base64="oEoK4zh8s5OzhgoeuUky0Q3jl6A="></latexit>

fAMC ⇡ 100%

hMAMCi ⇡ 10�14 M�

Luca Visinelli

The AMC orbit is specified by three parameters: 
  
- semi-major axis  
- eccentricity 
- Inclination w.r.t. Galactic plane

<latexit sha1_base64="+QOCCydd+VHHPt3MyF7l+a7IR7w=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcwGWZNb0IvHBMwDkiXMTnqTMbOzy8ysEJZ8gRcPinj1k7z5N04egooWNBRV3XR3BYng2hDy4eTW1jc2t/LbhZ3dvf2D4uFRW8epYtBisYhVN6AaBJfQMtwI6CYKaBQI6AST67nfuQeleSxvzTQBP6IjyUPOqLFSkw6KJVImFp6H58StEteSWq1aqdSwu7AIKaEVGoPie38YszQCaZigWvdckhg/o8pwJmBW6KcaEsomdAQ9SyWNQPvZ4tAZPrPKEIexsiUNXqjfJzIaaT2NAtsZUTPWv725+JfXS01Y9TMuk9SAZMtFYSqwifH8azzkCpgRU0soU9zeitmYKsqMzaZgQ/j6FP9P2pWy65W95kWpfrWKI49O0Ck6Ry66RHV0gxqohRgC9ICe0LNz5zw6L87rsjXnrGaO0Q84b58eQ40t</latexit>a
<latexit sha1_base64="WrAua0k5xQRUMvieY/Y2JBWoECY=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hd0ga3ILevEYwTxgs4TZSW8yZHZmmZkNhCWf4cWDIl79Gm/+jZOHoKIFDUVVN91dUcqZNq774aytb2xubRd2irt7+weHpaPjtpaZotCikkvVjYgGzgS0DDMcuqkCkkQcOtH4Zu53JqA0k+LeTFMIEzIULGaUGCsFvQlRkGrGpeiXym7FtfB9PCdezfUsqddr1WodewvLdctohWa/9N4bSJolIAzlROvAc1MT5kQZRjnMir1MQ0romAwhsFSQBHSYL06e4XOrDHAslS1h8EL9PpGTROtpEtnOhJiR/u3Nxb+8IDNxLcyZSDMDgi4XxRnHRuL5/3jAFFDDp5YQqpi9FdMRUYQam1LRhvD1Kf6ftKsVz6/4d5flxvUqjgI6RWfoAnnoCjXQLWqiFqJIogf0hJ4d4zw6L87rsnXNWc2coB9w3j4BFLWRzw==</latexit>"

<latexit sha1_base64="BuxknmXE8FM2Rht01xsAZxWM0Kk=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU8kWWdtb0YvHCvYD2qVk02wbmuwuSVYoS/+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxLBtcH4wymsrW9sbhW3Szu7e/sH5cOjjo5TRVmbxiJWvYBoJnjE2oYbwXqJYkQGgnWD6XXud++Z0jyO7swsYb4k44iHnBKTS4NE82G5gqvYwvNQTtw6di1pNOq1WgO5CwvjCqzQGpbfB6OYppJFhgqidd/FifEzogyngs1Lg1SzhNApGbO+pRGRTPvZ4tY5OrPKCIWxshUZtFC/T2REaj2Tge2UxEz0by8X//L6qQnrfsajJDUsostFYSqQiVH+OBpxxagRM0sIVdzeiuiEKEKNjadkQ/j6FP1POrWq61W924tK82oVRxFO4BTOwYVLaMINtKANFCbwAE/w7Ejn0XlxXpetBWc1cww/4Lx9An8WjpI=</latexit>
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AMC mass function

[Eggemeier et al., 1911.09417]

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

dP

d logMAMC
⇠ MAMC

�0.7

Lower cutoff set by 
the Jeans mass

[Fairbairn et al., 1707.03310]

Upper cutoff from 
hierarchical growth

Pre-infall halo mass function
<latexit sha1_base64="QvzOVqY6G+dCs1GH+GRj3fPCKrs="></latexit>

dn0

dM
(M, z) = f(⌫)

⇢̄c
M

d⌫

dM
Axion minicluster halo at z = 99

https://arxiv.org/abs/1911.09417
https://arxiv.org/abs/1707.03310
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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 ( , ) ε ψ

AMC disrupted

AMC not  
disrupted

[github.com/bradkav/axion-miniclusters]

https://github.com/bradkav/axion-miniclusters/
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Axion miniclusters abundance today
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Kavanagh+ (with LV) 2011.05377

https://arxiv.org/abs/2011.05377
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Axion-photon conversion in NS magnetospheres
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Luca VisinelliAxion-photon conversion in NS magnetospheres

NS B field described in the magnetic dipole approximation:
<latexit sha1_base64="N/tpA8rPSZsirGreUc1LhTeEu6g="></latexit>

B =
1

r3
[3(µ · r̂)r̂� µ]

<latexit sha1_base64="YiSbXtzPREYldOlujLO5f7TIHaw=">AAACKHicbVDLSgMxFM3UV62vUZdugkUQhDIjUt2IpSK4s4J9QGcomTTThmYeJBmhDPkcN/6KGxFFuvVLTKezqK0HAueecy8393gxo0Ja1sQorKyurW8UN0tb2zu7e+b+QUtECcekiSMW8Y6HBGE0JE1JJSOdmBMUeIy0vdHt1G8/Ey5oFD7JcUzcAA1C6lOMpJZ65k3qeD68U/AMOj5HOM1q5yEgA6QcSQMiMoUrlWIF55S6gtfQ6pllq2JlgMvEzkkZ5Gj0zA+nH+EkIKHEDAnRta1YuinikmJGVMlJBIkRHqEB6WoaIr3PTbNDFTzRSh/6EdcvlDBT5ydSFAgxDjzdGSA5FIveVPzP6ybSv3JTGsaJJCGeLfITBmUEp6nBPuUESzbWBGFO9V8hHiKdl9TZlnQI9uLJy6R1XrGrlerjRblWz+MogiNwDE6BDS5BDdyDBmgCDF7AG/gEX8ar8W58G5NZa8HIZw7BHxg/v9W4pdk=</latexit>

E+
⌦⇥ r

c
⇥B = 0Maxwell-Faraday law:

<latexit sha1_base64="xi8tbZ2G5reZ7WS+keXcOJO/fIk="></latexit>

⇢GJ =
1

4⇡
r ·E ⇡ �⌦ ·B

2⇡c

Leads to the charge density In the magnetosphere:

We assume a Goldreich-Julian (GJ) model 
for the NS magnetosphere



We might look for axion-photon conversion from an individual NS 

Assume axion dark matter falling into the gravity potential of the NS. 

Axion-photon conversion occurs with probability 

Emitted radio power:
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[Hook et al., 1804.03145; Safdi et al., 1811.01020]

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

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

<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

https://arxiv.org/abs/1804.03145
https://arxiv.org/abs/1811.01020
https://arxiv.org/abs/1910.11907
https://arxiv.org/abs/1912.08815


We might look for axion-photon conversion from an individual NS 

Assume axion dark matter falling into the gravity potential of the NS. 

Axion-photon conversion occurs with probability 

Emitted radio power:
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[Hook et al., 1804.03145; Safdi et al., 1811.01020]

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

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

<latexit sha1_base64="2/DP/WG2xuctrhTRwYQ3g8WECwE="></latexit>
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Width of the conversion shell

https://arxiv.org/abs/1804.03145
https://arxiv.org/abs/1811.01020
https://arxiv.org/abs/1910.11907
https://arxiv.org/abs/1912.08815
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Question: Can we exploit the environment within axion miniclusters?
<latexit sha1_base64="2/DP/WG2xuctrhTRwYQ3g8WECwE="></latexit>

dPa

d⌦
⇠ ⇡

3
g2a��B
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⇢c
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Edwards+ (with LV), PRL 2021 2011.05378Transient enhancements to       from AMC encounters<latexit sha1_base64="tRnID46G1hd96sZHXiLLIJy5RZ4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+qRfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENatXa/WWlfpPHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/ltSPKA==</latexit>⇢c

<latexit sha1_base64="qxHGiEgtCvIHDyFq5PVwgsOX074=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knN7gALgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPiiuPHw==</latexit>�

<latexit sha1_base64="QLSzSK2M4BHtseEyHqGEDJlwdeI=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFcSEi0Vt0V3bisYB/QhDCZTtuhM5MwMxFL6MKNv+LGhSJu/Qh3/o2TtoKKHrhwOOde7r0nShhV2nU/rLn5hcWl5cJKcXVtfWPT3tpuqjiVmDRwzGLZjpAijArS0FQz0k4kQTxipBUNL3K/dUOkorG41qOEBBz1Be1RjLSRQrvEQwR9lCQyvoUVN/Ml9w98nkLSHId22XXOchzBKanmxK14rncMPcedoAxmqIf2u9+NccqJ0JghpTqem+ggQ1JTzMi46KeKJAgPUZ90DBWIExVkkyfGcM8oXdiLpSmh4UT9PpEhrtSIR6aTIz1Qv71c/MvrpLp3GmRUJKkmAk8X9VIGdQzzRGCXSoI1GxmCsKTmVogHSCKsTW5FE8LXp/B/0jx0vKpTvaqUa+ezOAqgBHbBPvDACaiBS1AHDYDBHXgAT+DZurcerRfrddo6Z81mdsAPWG+fE8WXxw==</latexit>

ma ⇡ 40µeV

<latexit sha1_base64="85yDKvUzqsTFyBf/8Qwq6iHa7BQ=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadnVGPUW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLjwVX2nE+rNzS8srqWn69sLG5tb1T3N1rqiiRDBssEpFs+1Sh4CE2NNcC27FEGvgCW/74OvNb9ygVj8JbPYnRC+gw5APOqDZSnfaKJce+zHBK5qSSEafsOu4ZcW1nhhIsUOsV37v9iCUBhpoJqlTHdWLtpVRqzgROC91EYUzZmA6xY2hIA1ReOjt0So6M0ieDSJoKNZmp3ydSGig1CXzTGVA9Ur+9TPzL6yR6cOGlPIwTjSGbLxokguiIZF+TPpfItJgYQpnk5lbCRlRSpk02BRPC16fkf9I8sd2KXamXS9WrRRx5OIBDOAYXzqEKN1CDBjBAeIAneLburEfrxXqdt+asxcw+/ID19gle6o1Y</latexit>a
<latexit sha1_base64="z3sPIhe/m2GnIvGQ8weHtqvF4bY="></latexit>

f� = 9.7GHz
ma

40µeV

Frequency of emitted photon in the GHz: 

can be picked up at Earth 
by radio telescopes

https://arxiv.org/abs/2011.05378
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Axion-photon conversion in NS magnetospheres
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<latexit sha1_base64="iklIUSDHGJwCLmJR22fuWxEhfY4="></latexit>

S =
1

BW

1

4⇡s2
dPa

d⌦

Based on velocity dispersion of AMC, expect an incredibly narrow line. 

The mean flux density (relevant for radio searches) is: 

Instead, fix bandwidth BW = 1 kHz (based on telescope resolution).

Edwards+ (with LV), PRL 2021 2011.05378

https://arxiv.org/abs/2011.05378
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Searching for axions in M31
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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 
The diameters give the telescope beam 
size at 1.4 arcmin angular resolution

2022: X-band observation (8-12 GHz)
2023: C-band observation (4-8 GHz)

Bradley Johnson Liam Walters

Jordan E. Shroyer Madeleine Edenton

Prakamya Agrawal

David Marsh
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Can we pick up this signal in radio?
Expected spectral flux densities (SFDs) from NS-AMC encounters

Walters+ (with LV) 2407.13060

Axion mass:
          
Minicluster mass:

Simulate 20 encounters with a NS of

Period:                   B field:
 
Signal lasting min to hour

<latexit sha1_base64="T2Py6Ikt91gt1m0OSwPYfJDRoB4="></latexit>

MAMC = 10�10 M�

<latexit sha1_base64="0Je8TaNSYq6Q1nFvis7haFolgrU=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgQkpSytguhFIXuqxgH9DWkknTNjTzIMkIw1B/xY0LRdz6Ie78GzNtBRU9cOFwzr3ce48bCq40Qh9WZmV1bX0ju5nb2t7Z3bP3D1oqiCRlTRqIQHZcopjgPmtqrgXrhJIRzxWs7U4vUr99x6TigX+j45D1PTL2+YhToo00sPP1ATrH6DbB5VnSk17v9HI2sAuoiAwcB6YEVxA2pFqtlEpViOcWQgWwRGNgv/eGAY085msqiFJdjELdT4jUnAo2y/UixUJCp2TMuob6xGOqn8yPn8FjowzhKJCmfA3n6veJhHhKxZ5rOj2iJ+q3l4p/ed1Ijyr9hPthpJlPF4tGkYA6gGkScMglo1rEhhAqubkV0gmRhGqTV86E8PUp/J+0SkXsFJ3rcqFWX8aRBYfgCJwADM5ADVyBBmgCCmLwAJ7As3VvPVov1uuiNWMtZ/LgB6y3Tysvk90=</latexit>

B0 = 1014 G
<latexit sha1_base64="tmThof707IeV4WXUit1CC0U4eVE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4kJIpMrYLoejGZQX7gJmhZNK0DU0yQ5IRytDPcONCEbd+jTv/xkxbQUUPXDiccy/33hMlnGmD0IdTWFldW98obpa2tnd298r7Bx0dp4rQNol5rHoR1pQzSduGGU57iaJYRJx2o8l17nfvqdIslndmmtBQ4JFkQ0awsZLfunSzQIngTM/65QqqIgvPgzlx68i1pNGo12oN6M4thCpgiVa//B4MYpIKKg3hWGvfRYkJM6wMI5zOSkGqaYLJBI+ob6nEguowm588gydWGcBhrGxJA+fq94kMC62nIrKdApux/u3l4l+en5phPcyYTFJDJVksGqYcmhjm/8MBU5QYPrUEE8XsrZCMscLE2JRKNoSvT+H/pFOrul7Vuz2vNK+WcRTBETgGp8AFF6AJbkALtAEBMXgAT+DZMc6j8+K8LloLznLmEPyA8/YJALmRHA==</latexit>

P = 1 s

<latexit sha1_base64="fhTbp+z3oxjZMiLYXZbeMxhgNTw=">AAAB/HicdVBNS8NAEN3Ur1q/oj16WSyCBymbUmJ7EIpePFawrdCEstlu26W7SdjdCCHUv+LFgyJe/SHe/Ddu2goq+mDg8d4MM/OCmDOlEfqwCiura+sbxc3S1vbO7p69f9BVUSIJ7ZCIR/I2wIpyFtKOZprT21hSLAJOe8H0Mvd7d1QqFoU3Oo2pL/A4ZCNGsDbSwC6LAT6vo8yTwjv1RAJpdzawK6iKDFwX5sRpIMeQZrNRqzWhM7cQqoAl2gP73RtGJBE01IRjpfoOirWfYakZ4XRW8hJFY0ymeEz7hoZYUOVn8+Nn8NgoQziKpKlQw7n6fSLDQqlUBKZTYD1Rv71c/MvrJ3rU8DMWxommIVksGiUc6gjmScAhk5RonhqCiWTmVkgmWGKiTV4lE8LXp/B/0q1VHbfqXtcrrYtlHEVwCI7ACXDAGWiBK9AGHUBACh7AE3i27q1H68V6XbQWrOVMGfyA9fYJ5XyUUw==</latexit>

ma = 40µeV

https://arxiv.org/abs/2407.13060
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Can we pick up this signal in radio?
How would a signal look like?

Hydrogen recombination line at 8.483 GHz 
when not accounting for M31 blueshift. 

Possibly, an emission from a molecular  
cloud in the MW 

Signals are filtered with an excess kurtosis 
test to disqualify radio interferences. 
Known emission spectral lines disqualify 
By comparison with Splatalogue
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Approximate sensitivity assuming a single NS-AMC encounter

Results

Walters+ (with LV) 2407.13060

(Dis)advantages w.r.t. lab: 

Scan is much faster because all 
frequencies are picked up by the 
broad-band receiver. 

However, astrophysics unknowns 
are severe (e.g. minicluster 
histories, shapes and abundances) 

We see these as possible hints for 
excesses to be revealed in the lab.

https://arxiv.org/abs/2407.13060
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Future and ongoing progresses

- Ongoing analysis of the 2023 data in C-band 

- The UV group has secured funds via Jefferson 
Trust, to build a telescope operating at < 2GHz  

- Ongoing evaluation for a radio telescope 
named ASTRA (Axion Search via Telescope 
for Radio Astronomy), to explore the axion 
mass range [40, 180] micro-eV

Primary 
mirror 

assembly

Light from the sky

az/el 
drive

1m
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Future and ongoing progresses

Utkarsh Bhura

David Marsh

Work in progress!!!

<latexit sha1_base64="DrCwwkyVpDen9GeTg+NJ743KgAE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoICURqS6LLuyygn1AE8JkOmmHzkzCzKRQQ//EjQtF3Pon7vwbp20W2nrgwuGce7n3njBhVGnH+bYKa+sbm1vF7dLO7t7+gX141FZxKjFp4ZjFshsiRRgVpKWpZqSbSIJ4yEgnHN3N/M6YSEVj8agnCfE5GggaUYy0kQLb5gHyLiqZJzm8bzxNzwO77FSdOeAqcXNSBjmagf3l9WOcciI0Zkipnusk2s+Q1BQzMi15qSIJwiM0ID1DBeJE+dn88ik8M0ofRrE0JTScq78nMsSVmvDQdHKkh2rZm4n/eb1URzd+RkWSaiLwYlGUMqhjOIsB9qkkWLOJIQhLam6FeIgkwtqEVTIhuMsvr5L2ZdWtVWsPV+X6bR5HEZyAU1ABLrgGddAATdACGIzBM3gFb1ZmvVjv1seitWDlM8fgD6zPHyhEkrg=</latexit>

ma (GHz)

<latexit sha1_base64="GbOpGmRwd2WHb+FkoqFVnmEvK+Y=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQQcuuSPVY9KDHCvYHumvJptltaJJdkqxQln0AL76KFw+KePUBvPk2pu0etDqQMMzMR/KNHzOqtG1/WYWFxaXlleJqaW19Y3OrvL3TVlEiMWnhiEWy6yNFGBWkpalmpBtLgrjPSMcfXU78zj2RikbiVo9j4nEUChpQjLSR+uVK2E+RGyLO8ztzj6qpKzm8Iu279NjJskOTsmv2FPAvcXJSATma/fKnO4hwwonQmCGleo4day9FUlPMSFZyE0VihEcoJD1DBeJEeel0mQweGGUAg0iaIzScqj8nUsSVGnPfJDnSQzXvTcT/vF6ig3MvpSJONBF49lCQMKgjOGkGDqgkWLOxIQhLav4K8RBJhLXpr2RKcOZX/kvaJzWnXqvfnFYaF3kdRbAH9kEVOOAMNMA1aIIWwOABPIEX8Go9Ws/Wm/U+ixasfGYX/IL18Q3OsprT</latexit> g a
�
�
(G

eV
�
1
)



Direct detection of the axion at INFN 
Frascati National Labs
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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

FLA
SH sensitivity

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
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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

See the talk of G. Gelmini

https://arxiv.org/abs/0912.0015


<latexit sha1_base64="2OTFOmwV3zzbd7kspzvyIrzCRU8=">AAACAnicbVDLSgMxFM3UV62vUVfiJliECrXMiFY3QtGNywr2Ae04ZNK0DU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ1gMXTs65l9x7gohRpR3n28osLC4tr2RXc2vrG5tb9vZOXYWxxKSGQxbKZoAUYVSQmqaakWYkCeIBI41gcD32Gw9EKhqKOz2MiMdRT9AuxUgbybf3Bj6Cl7DAfVSErnOfHJdH7aJ5Hfl23ik5E8B54qYkD1JUffur3QlxzInQmCGlWq4TaS9BUlPMyCjXjhWJEB6gHmkZKhAnyksmJ4zgoVE6sBtKU0LDifp7IkFcqSEPTCdHuq9mvbH4n9eKdffCS6iIYk0Enn7UjRnUIRznATtUEqzZ0BCEJTW7QtxHEmFtUsuZENzZk+dJ/aTklktnt6f5ylUaRxbsgwNQAC44BxVwA6qgBjB4BM/gFbxZT9aL9W59TFszVjqzC/7A+vwBeN2U8A==</latexit>

ka = (ma, 10
�6 ma)

<latexit sha1_base64="QiYYytbf9clOMJK4KlR4o4+iv/0=">AAACBHicbVDLSgMxFM3UV62vUZfdBItQQcqM+NoIRTcuK9gHdIZyJ03b0GQyJBmhlC7c+CtuXCji1o9w59+YPhbaeuByD+fcS3JPlHCmjed9O5ml5ZXVtex6bmNza3vH3d2raZkqQqtEcqkaEWjKWUyrhhlOG4miICJO61H/ZuzXH6jSTMb3ZpDQUEA3Zh1GwFip5eb7raALQgC+wsVACtqFYzztRy234JW8CfAi8WekgGaotNyvoC1JKmhsCAetm76XmHAIyjDC6SgXpJomQPrQpU1LYxBUh8PJESN8aJU27khlKzZ4ov7eGILQeiAiOynA9PS8Nxb/85qp6VyGQxYnqaExmT7USTk2Eo8TwW2mKDF8YAkQxexfMemBAmJsbjkbgj9/8iKpnZT889LZ3WmhfD2LI4vy6AAVkY8uUBndogqqIoIe0TN6RW/Ok/PivDsf09GMM9vZR3/gfP4AnxGW0A==</latexit>

k� = (!,!)
<latexit sha1_base64="12GSupQBpxXBh0FjJ11Muer29/Q=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVo9FLx5bsB+wXUs2zbahyWZJZoWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhsQwwWPWAg6CdRPNiAwF64Tju5nfeWLacBU/wCRhgSTDmEecErCS38Q9wyX23Mdav1xxq+4ceJV4OamgHI1++as3UDSVLAYqiDG+5yYQZEQDp4JNS73UsITQMRky39KYSGaCbH7yFJ9ZZYAjpW3FgOfq74mMSGMmMrSdksDILHsz8T/PTyG6CTIeJymwmC4WRanAoPDsfzzgmlEQE0sI1dzeiumIaELBplSyIXjLL6+S9kXVq1WvmpeV+m0eRxGdoFN0jjx0jeroHjVQC1Gk0DN6RW8OOC/Ou/OxaC04+cwx+gPn8weDGJAd</latexit>

Q ⇠ 106

Power transfer from axion DM to the cavity

Direct searches: Haloscope Luca Visinelli

See the talk of R. Maruyama for more

33
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Direct searches: Haloscope

<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

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

Recall the effective Lagrangian below QCD:

Courtesy of ADMX collaboration

<latexit sha1_base64="w//A9l3A9lBFezY4kxJyygnMDJk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPCZoHJEuYnXSSIbOzy8ysEJZ8ghcPinj1i7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HbqN59QaR7JRzOO0Q/pQPI+Z9RY6aHWve8WS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/OTp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6N+lxhcyIsSWUKW5vJWxIFWXGplOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGAzgGV7hzRHOi/PufMxbc042cwh/4Hz+APxjjZ4=</latexit>

QL

<latexit sha1_base64="Bf1VVEH9eNUI03g++rNyi6FsGzY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xu7GY1z</latexit>

B0

<latexit sha1_base64="gOSrysxRhc4KZFy1ypoHpUpnPAY="></latexit>

Psig = (g2a��na)⇥
�
QLB

2
0V Cnml

�

Quality factor

Magnetic field

<latexit sha1_base64="wW/FYuM+uQPEIsfDWGUcEmwyeqw=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVm71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHtfGM5A==</latexit>

V
<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, with LV

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

See also CADEx, PAS

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


36

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

