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l. Foundations



The QCD Axion: foundations -uca Visinell
' . See the talk by Jing Shu

The axion is a light pseudo-scalar arising within QCD (m, < 107%eV)

Y

Strong-CP problem: non-observation of neutron electric dipole moment (EDM)

Y -
L = “0G* GHY
T GuvGa

(¢ 5. Strong force coupling

G, : Gluon field strength

The parameter 6 itself is not physical as 6 = 0 — arg det (M)

The value of 0 controls the matter-antimatter asymmetry in QCD

The term predicts a EDM d,, = 2.4 x 10719 e cm [Pospelov & Ritz 1999]

b
—r
EXperiments give d,| < 1.8 x107*°ecm  [Abel+ 2020] %

No observation of C and CP violation in Nature |§| <1010
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. The QCD Axion: foundations -uca Visinell

We Introduce the axion ¢ through the Lagrangian terms:

1
LD §@M¢@“gb
The axion has no color charge
The QCD theta term is minimized dynamically to <gb/fa> = —0

This makes the neutron electric dipole moment (EDM) vanish
- PQ mechanism [Peccei & Quinn 1977; Wilczek 1978; Weinberg 1978]

QCD axion mass [Weinberg 1978]

3/2
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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

. The QCD Axion: foundations -uca Visinell

r(2) + fa ig(@)/ s
V2

2\ 2
Lpqg = |6’M<I>‘2 — )\ (|<I)|2 U;) + SM couplings . \A/

e KSVZ axion [Kim 79: Shifman, Vainshtein, Zakharov 80]

Complex scalar field (PQ field) ®(x) =

Aka “hadronic axion”: lepton couplings are suppressed.

e DFSZ axion [Zhitnitsky 80; Dine, Fischler, Srednicki 81]

Allows to decouple the PQ breaking scale from the electroweak scale.

e REVIEW on axion models: Di Luzio, Giannotti. Nardi, LV 2003.01100
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http://dx.doi.org/10.1016/0550-3213(80)90209-6
http://dx.doi.org/10.1016/0370-2693(81)90590-6
https://arxiv.org/abs/2003.01100
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Self-interacting Axion-photon Axion-electron Axion-nucleon
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Th ing depend or & EM ies £+ go,, = 2EM (L 2272
e coupling depends on color anomalies v Jarr = 5 % (¥ ~ 375,




ll. Axion cosmology



~Cosmology of the axion

Large occupation number: N~ X2 (ppm/me) =~ 1027 (ueV /mg)*

—¥ We are dealing with a classical field

Equation of motion in a FLRW background:

b— 5V2p+3H¢+ 20 =0
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~Cosmology of the axion

Large occupation number: N~ X2 (ppm/me) =~ 1027 (ueV /mg)*

—¥ We are dealing with a classical field

Equation of motion in a FLRW background:

60— V20 +3HO + Tt =

O
Kinetic term | Hubble friction |
Gradient term Scalar potential
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~Cosmology of the axion

Luca Visinelll

Large occupation number: N~ X2 (ppm/me) =~ 1027 (ueV /mg)*

—¥ We are dealing with a classical field

Equation of motion in a FLRW background:

b— V2 +3H¢+ D =

Zero temperature: V (¢, T = 0) = Vepr(¢) [DiVecchia & Veneziano 1980]

2

. 4
Finite temperature, QCD instantons m:(T) ~ min (mg, 72 (%/A)n>

effectively couple the axion to the plasma  [Gross+ 1981]

The exact assessment comes from lattice QCD computations |

Borsanyi+ 20106]

| o


https://doi.org/10.1103/RevModPhys.53.43
http://dx.doi.org/10.1038/nature20115
https://www.sciencedirect.com/science/article/abs/pii/0550321380903703

. L uca Visinell
Cosmology of the axion uca Visinell

Naive computation on super-horizon scales V¢ ~ 0

Coherent oscillations in the axion field when

g (Tosc) ™ SH(TOSC) '%;o 1
av
Axion angle: 0=ao/f, G;J
. 1. &
Energy density: p, = (5¢° +V(¢,T)) ) ——
g |
In practice we get two different scenarios: 0 1' 2

Scenario 1: The PQ symmetry broke during inflation fo 2 H;
Scenario 2: The PQ symmetry broke after inflation  fo S Hi
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~Scenario 1: The PQ symmetry broke during inflation

| | | . : 5 B
Linearized EoM: o+ 3Hp+m, (T)p =0
Non-linear terms might matter [LV & Gondolo, PRD 2009, 2010]
m, |eV]
- l()"; 10~ 1000 100 1077 100 10
Axion energy density at onset of oscillations: S
0.8F
1 2
/Oa (TOSC> 2m ( OSC)f 9 ® 0'6; £k > flcpwm
- 0.4E
| | - (e < Scom
We demand that the axion density 0.2f
explains the dark matter abundance: N
3 10° 100 10" 102 108 10t 108 10
| g megq ( ) 8xs (TMR) TMR fa |GeV
ppM (1 + 2MR )= 0 (Toid) PaLosc 2o (Toso) \ Toe 'LV & Gondolo, PRD 2009]

]7'


http://dx.doi.org/10.1103/PhysRevD.80.035024
http://dx.doi.org/10.1103/PhysRevD.81.063508
http://dx.doi.org/10.1103/PhysRevD.80.035024
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cenario 2: The PQ symmetry broke after inflation

2
FoM for the PQ field: - V°® +3HP + 2\ \CI)\Q Ja —

String network quickly enters a scaling regime with  Pscaling = f,u/t2

String energy per unit length: pu= [ d*zH = 7f2 In(vV2\f,/H
String length per Hubble volume &

Before QCD PT During QCD PT After QCD PT

Figures from [Buschmann+ 2020 13



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.161103
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Various groups work on axion string simulations: no agreement Hea VISIEH

..... ... = N =5000°

"""""" simulations: loga <log(——) ~ 7

.......... 0pa 1 -nergy spectrum

.......... Okot ~ ka  of emitted axions . m. k
Credits: Ed Hardy | r

The spectrum peaks at k ~ H (string curvature). Cutoff at £ ~ \/2)\fa

“"Effective Nambu-Goto string” [Davis 1985, 1986; Battye & Shellard 1994a, 1994Db]
g > 1 leads to more axions and a higher DM mass~ meV [Gorghetto+ 2018, 2021]

An IR spectrum is also found in [Hiramatsu+ 2011]

q = 1 “Collapsing loops” with ¢ ~ 1. [Harari & Sikivie 1987; Hagmann+ 1999]
Supported recently by [Buschmann+ 2020, 2022] ]__



https://link.springer.com/article/10.1007/JHEP07(2018)151
https://scipost.org/10.21468/SciPostPhys.10.2.050
doi:10.1103/PhysRevD.32.3172
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

Various groups work on axion string simulations: no agreement
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103

Pre-inflation

Post-inflation

1013 1012 10-11 1010 107

Models:

Npw > 1:

102 101 /6 /2 w—01 =6

108 GeV 107 GeV = max GHTIV (Isocurvature)

SMASH, 2016 m—
Cogenesis, 2020 m———
VISHy, 2022 =—

Wantz, 2009 =—
Berkowitz, 2015 m———

Bonati, 2016 =

Borsanyi, 2076 —————————
Dine, 2017 n—

Lattice/x(T):

Kim, 2024
Benabou, 2024 mm
Saikawa, 2024 ——

Gorghetto, 2020
Kawasaki, 2012 s
Kawasaki, 2014 e

Fleury, 20715 —————

Klaer, 2017 mm
Benabou, 2024 =—

K aki, 2014
awasa Beyer 2023
Gorghetto, 2020

Strings:

Strings+Walls:

108 1077 10°® 10 10~%* 103 102 10! 100 101
QCD axion mass, m, [eV]

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

]1_5'



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

-QCD axion parameter space

fo < 1/myg (QCD AXION)
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Di Luzio, Giannotti, Nardi, LV 2003.01100
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https://arxiv.org/abs/2003.01100

l11. Axions as dark radiation



Extra relativistic species

Contribution to the relativistic degrees of freedom:

- 4 4/3
Pr — 14 8(ﬁ> Neff P

Effective number of neutrinos N.g = IV eSé\d + A Nog

N eSé\/[ ~ 3.046 (Bari and Valencia groups)

A]Veﬁ“

Neg = 2.99 = 0.17
(One sigma, CMB+BAO, 1807.06200)

QCD PT

Luca Visinelll

2.0F

0.9

- Planck (20)
0.2+
0.1

0.05F

0.02 CMB-54 (20)
0.01t

107° 104 103 102 101 10° 10' 102 10® 10* 10°

Baumann+i8 | 8
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EXxtra relativistic species uca Visinell

The excess in the number of relativistic degrees of freedom counts the massless axions:

AN.a = ’Oa(ma :O) 3 (11)4/3 da (TCL)4
eft = = — | — — | —

Axion decoupling from the plasma do not benefit from further energy injection in CMB photons

1q
1> B

(9*5 (TcMmB) ) 1/3 1 4 : axion decoupling temperature
Gxs(Ta) TcvmB = 0.26eV

9xs(Ta) ) 43

ain result: ANqg ~ 0.02
v g == 0.027 ( 106.75



- Axion-like particles

We consider axion-like particles (or axions) with a generic mass term and couplings

1
zm(z)@z + »Cag‘|‘ [faq/

1
,Ceff D) 5(8“&) (8MCL)

(1 :axion field

T : axion mass

Luca Visinelll



- Axion-like particles

We consider axion-like particles (or axions) with a generic mass term and couplings

Lot D %(6’“@)(@@) Log+ Lan

(1 :axion field

T : axion mass

(Explicit mass breaking term)
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- Axion-like particles

We consider axion-like particles (or axions) with a generic mass term and couplings

1
Lo D (5’“ )(0,a) zm%aQ + Lgg+ ﬁcw

Ay as O
(4 :axion field axion-gluon coupling [,ag - CLGZ GM g
T : axion mass ST fa
g
Cy
fa
a _____
g ,
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- Axion-like particles

We consider axion-like particles (or axions) with a generic mass term and couplings

1
Lo D (5’“ )(0,a) zm%cﬂ + £a9+ ﬁcw

Ay 1
(4 :axion field axion-photon coupling ECW — gCWCLF /WF HY
T : axion mass 4
/)/
0
ga’y
a _____
’Y

Luca Visinelll
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Thermal axion production Hed Ve

Freeze-out of thermal particles from the plasma occurs when H =~ 1" at decoupling

dng
Boltzmann equation: ;ﬁ F3H(T)ng =1 (n;1 — ngy)

We study axion-gluon and axion-photon productions separately

1 5, a(C, : @EMWQQCQW _ T '
_ Loy 00 = In [ — ) +0.8194
Hos = g et (f) Foll) T = Taace) [ mz) 7 -

8

Axion-SM production is given by F;(I')  Plasmon mass M-
(Salvio+13)  Charged particles density 77()
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Thermal axion production Hee VST

Q*S(Td) 43
1006.75

Recall: ANeff ~ (.027

104 . . . . 1075 .
_3 . Primakoft effect
107°} pion g-g and g-g 6 . .
scatterings scatterings 10 (axion-photon conversion-
o 1074} X — in a strong magnetic field)
~ | 71
3 gq annihilations 2 10
— O
= . 1078
S 55
1077
: . 10—10 . . . . . .
10° 10° 107 10 1072 107! 10° 10! 102 103
T, [GeV] Ty [GeV]
[D’Eramo+ 21| |[Bolz+ "92; Cadamuro&Redondo "12]

We find a relation between A N g and either 'y / f,, (axion-gluon) or (G~ (axion-photon)

B



- - Luca Visinell
Thermal axion production Hea VISInet

We consider thermal axions in the mass range mq € [10~*,10%] eV

Axion decoupling occurs at temperature 1y where I'(T;) ~ H(Ty)

Small axion mass (m, < 0.1eV) Similar techniques for other production channels

e Light axions contribute to the (Not covered here)
energy density of radiation

e Axion-electron

(m, = (T Y3 e Axion-quark
pa(ma =0) _ o 0or (92s(La)
0., massless 106.75

ANeﬁ‘ —

Primakoff + ABC r s,

Large axion mass (m, 2 30eV)

e Heavier axions contribute to the L
energy density of matter §

Mg 3/4
o~ mangh? ~ 0.011 (—) AN
W TN AT eV off

e — I bremsstrahlung
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Thermal axion production Hed Ve

OPPORTUNITY: heavy axions decay into two photons through the same interaction term:

64 1013 GeV1\" /1MeV >
Toy =~ ~400,000yr( - ) ( - )
Ipyy!m 9oy~ ze

Slightly lighter or more weakly coupled axions would decay after recombination and reionize

Photon deposit energy into cosmic electrons and affect the optical depth at redshift z:

t(2)
Treio (Z) — / dt OT Ne (Z) This is testable with CMB EE data
today

a0



Thermal axion production -uca Visinell

_ Treh — H MeV
100—5 95% CL 100

| 1 68% CL
5 5
=2 = B
é 10 :Célo ,
dm =
= -
S 10- o .
5 107 21077
N g
O - O _
= 10 —— ACDM

—— ACDM + m, = 10°%V, Gayy = 6 X 107 15GeV !
1075: 1072 . . .
Redshift, z Redshift z

Gaussian process, model independent reconstruction  Axion-induced ionization fraction from energy deposition

of the free electron fraction from Planck large angle Cheng, Yin, Di Valentino, Marsh, LV 2506.19096
[--mode CMB polarization data Yin, Cheng, Di Valentino, Gendler, Marsh, LV 2507.03535

Details on GPU approach in Hanyu Cheng’s talk from Monday

Details on applications to the string axiverse in Ziwen Yin’s talk from Monday ]_.
28


https://arxiv.org/pdf/2506.19096
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V. Axions as dark energy



Hints of evolving dark energy"

Baryon acoustic oscillation
measurements by DESI suggest
a preference for evolving dark energy.

The CPL parametrization:
w(a) = wy + we (1l — a)

is favored over wp = —1 at3a1 0
using CMB+DESI

Luca Visinelll

B DESI+CMB+Pantheon+
DESI+CMB+Union3

e DESI+CMB+DESY5
DESI+CMB

0 —0.8

0.6 —04 —02 0.0
Wy

Abdul Karim+ (DESI) 2503.14738

B



Axions as Dark Energy?

Luca Visinelli

A light boson field is an excellent candidate for quintessence, i.e. dynamical dark energy

Hubble friction keeps a light boson frozen to its initial configuration ¢ = @;

The zero-energy of the field V(@) acts as a dark energy component

Potential Energy V(¢)

Potential: V(¢) = A* (1 — cos(¢/f4))

| V(i)

0.5

1.0

1.5 2.0 2.5 350
Axion field ¢/f

31

Once the Hubble rate falls below the boson mass,
the field starts to move: mg ~ Hy ~ 107°° eV

Not so simple to fit!

py _ 9> —2V(9)
ps ¢ +2V ()

Pp = ;52 + V(¢) ~ ppE



Luca Visinelli

Axions as Dark Energy?

Protection of Mass Hierarchy: The axion shift symmetry ¢ — @ + ¢ protects
the small mass of the pseudo scalar m 4 from quantum corrections

Evading Fifth-Force Constraints: Axion couplings with matter are derivative:

L (8u¢) @V“Qp

This leads to spin-dependent, velocity-suppressed forces that evade experimental bounds

String Theory Motivation: Large ensembles of axions with a spectrum of masses are expected from
compactifications of extra dimensions, giving a natural UV-completed framework.

Unique Observational Signatures: The parity-odd nature of axions leads to distinct signatures,
such as cosmic birefringence and astrophysical probes of magnetic fields.

32



Light axion model of dark energy

Accurate sampling strategy to explore low-masses: The correct sampling of initial conditions
- reveals a region with low mass and high f &
— o . L mqb | | me 1.0
0i =T — @i/ fo =€ (HO | 1) oxp ( HO) ' BB DES| + CMB + PantheonPlus
: B DESI + CMB + DESY5

B DESI + CMB + PantheonPlus
B DESI +~ CMB + DESY5

e = 0 is excluded at 20

—1.5 |
by DESY+DESY : "oy Hy
O 0
o3 ot (o Ho) o Lin, LV, Yanagida 2504.17638


https://arxiv.org/pdf/2504.17638

CO“ClusiQns Luca Visinelli

e e g NP, ORI — g

Many ideas are coming to test, some has to be right!!

QCD axion as a light dark matter candidate:

theory and experimental fields are in a mature stage to come up with reliable predictions
and testings across different mass ranges and couplings.

Still work to do to refine mass predictions, cosmology uncertainties, substructures.
Axion as dark energy: hints and probes (e.g. cosmic birefringence) are emerging.

Thermal/heavy axions: parallel avenue of production and multiple detection strategies
(decaying prior reionization, cosmology, large scale structure).

34



Axion Miniclusters in the Milky Way




Axion miniclusters (scenario 2)

Luca Visinelll

In post-inflation symmetry breaks, fluctuations are O(l) for £k > 27T/LOSC
Losc i 1/[CLOSCH(TOSC)] i 10—3 pcC

- .. 1010 ———rrrrr e
Typical minicluster mass:
A
Mmc — ?LOSC/ODM S ].O M@ T
[Hogan & Rees 1988; Kolb & Tkachev 1994] = il ’
<
. . _ : 101+
Density profile from collapse: pmc(7) o< 7 9/4

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

Power-law

NFW

Manic = 10719 Mg, 7]
panc = 10° Mg pe™?



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

i Luca Visinell
AMC mass function uca Visinelli

T L L cor R LY | e rrt rrrrrmm
2= 2507 s 1/2
5 20ueV
2 =629 1 Mo ~ 107" My (1 + 6) < & )
z =250 i Maq
iR fit: a~—0.7 |-
& 3 dP
2 * dlog Manc
o0
2
=
2 -
o \ -
WA
QW
5 ‘3'1' 3
“ t | [Eggemeier et al., 1911.09417] N‘\ " : .
) p ot L 1l L vl L 1l L 1l r vl N |
Extend down to Maye ~ 10717 M, 1015 1014 10-13M 1([);/[2 | 1011 100 109 Extend up to Mape ~ 107> M,
MCH : :
(Set by the Jeans mass © (Growth of hlerarghlcal structure
form, = 20 ueV) to today)

[Fairbairn et al., 1707.03310]

Everything can be recast for different distributions of (M apnic» 0) or equivalently (M anvics Pamc)!
[github.com/bradkav/axion-miniclusters] | 37



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

. ‘..
Q)
Q. . s
® ‘ :
X 1
S | .
r [kpc] y
DM\T o ~ A
NAMC (T) = fAMC <?\4A1\(4C)> L T RO— - -

fAMC ~ 100%
Caveat: we do not deal with concurrent structure formation,

(Mamc) = 107 Mg | . .
stellar formation & AMC distruption ]_.
38


https://arxiv.org/abs/1102.4340

Monte Carlo prOCed ure I Ccnerate sample of AMCs (with correct density

- | distribution but log-flat mass function)

Sample orbital parameters (e, y)

Compute number of stellar interactions:

Tyiw
[ din (Vb 7b
0

{ AMC not
| disrupted

Sample interaction properties (v..;, b) and perturb AMC

el’

AMC disrupted _~"

Collect surviving AMCs and

Remove AMC from simulation .
reconstruct true properties

But! Need to know the response of an AMC to stellar perturbations...
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AXion miniclusters abundance today uca Visinefl

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

1.0F S —
Z0.8F
:::- 5
S A .-Cg
v S 0.6 _
oo Uncl RN 000 > A
b =
Y >
> £ 0.4 -
- ; Power-law
N g NFW
02 /S e Circular
— == FKEccentric
Ecc.4+AS cut
10~1 10Y 10

Galactocentric radius r [kpc|

Kavanagh, Edwards, LV, Weniger, PRD 2020

See also [Tinyakov+ 1512.02884: Dokuchaev+ 1710.09586]
Axion stars nucleation: Current work with Zi-Wen Yin (SJdTU) ]_.


https://doi.org/10.1103/PhysRevD.104.063038
https://arxiv.org/abs/1512.02884
https://arxiv.org/abs/1710.09586

“Observational Consequences




~Axion-photon conversion in NS magnetos

Assuming a Goldreich-Julian model for the NS

magnetosphere, emitted radio power:
|Goldreich & Julian (1969)]

dP, T 5

n, ——

dQ 39

BQ RNS6 Pc
" " R3 m,

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

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

Assume isotropic emission and focus on
enhancements to p. due to AMC encounters.

[Hook et al., 1804.03145; Safdi et al., 1811.01020; Edwards et al

pheres

./.,

2 NG

) ) MAGNE TOSPHERE
I

VWA,

Luca Visinelll

ELECTRONS

o

WIND ZONE

PROTONS

. 1905.04686; Foster et al., 2004.00011]

[«


https://arxiv.org/abs/1804.03145
https://arxiv.org/abs/1811.01020
https://arxiv.org/abs/1905.04686
https://arxiv.org/abs/2004.00011
https://arxiv.org/abs/1910.11907
https://arxiv.org/abs/1912.08815
https://ui.adsabs.harvard.edu/abs/1969ApJ...157..869G/abstract

~Axion-photon conversion in NS magnetospheres

Neutron stars as laboratories for DM searches

Luca Visinelll

Radio observations of neutron stars is a promising avenue to detect axion DM

DM axions fall
owards neutron star

DM axions fall into neutron stars Axion production in NS cores
convert in the magnetosphere

[Hook+ 2018; Satdi+ 2019] [Dessert+ 2021]

+conversion in magnetosphere pu

ok
|

[

[

Axion-photon coupling (GeV ™
7

® Fiducial (Conservative)

e

=
[
(O8]

10~8 10~7 10~° 10>

Axion mass (eV)

Bound obtained using 27
sars from ATNF catalog

[Noordhuis+ 2209.09917] ]—-

43
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https://doi.org/10.1103/PhysRevLett.121.241102
https://doi.org/10.1103/PhysRevD.99.123021
https://doi.org/10.1103/PhysRevLett.123.061104

| on | Luca Visinell
Axion-photon conversion in NS magnetospheres Hea VISInetl

11 dP,
- BW 4rs2 dQ

S

Based on velocity dispersion of AMC, expect an incredibly narrow line.
Instead, fix bandwidth BW = 1 kHz (based on telescope resolution).

Edwards, Kavanagh, LV, Weniger, PRL 2021

! | ! |

Power-law | |==I27===o__ NEFW .
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%: it G T 10 o
4 F el T Tt = ot
_ R VLA | T--lIITeeall] VA ] -
2 S22 SKAT =12 =
~— IDld B KA1~mld n .
> 4 | N S
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-
= =
= 4 E _ 10~5 <
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= 5
=
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.131103

Can we pick up this signal in radio”

2 grant proposals accepted
by the Green Bank Telescope
currently observing Andromeda

Paper In the making
(Walters+ Kavanagh & LV)
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Expected spectral flux densities (SFDs) from NS-AMC encounters
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~Can we pick up this signal in radio?
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| j - Luca Visinelli
Indirect searches for the axion: lensing uca Visinell

Microlensing by point-like or extended DM substructures

Fairbairn+ 1707.03310; Sugiyama+ 2108.03063; Fujikura+ 2109.04283; Croon + 2002.08962
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https://arxiv.org/abs/1707.03310
https://arxiv.org/abs/2108.03063
https://arxiv.org/abs/2109.04283
https://arxiv.org/abs/2002.08962
https://arxiv.org/abs/1707.03310
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Indirect searches for the axion: lensing uca Visinell

We have recently revisited microlensing constraints from axion stars
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[Yin, LV 2403.18610]
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https://arxiv.org/abs/2403.18610
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Direct searches: Haloscope uca Visinell

Recall the effective Lagrangian below QCD:

1 1 - 0 0,0 —
LD §8u¢8u¢ — V(9) 1 1 Jarnyy QL 7|+ Ce zp}éé”Y“%@ + CN 2M¢N”Y“’Y5N

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

Significant enhancement when

2TV, = My L ma/@L

B-field —>

Axion -

Power

Frequency

Qr Quality factor V' Cavity volume

B o .
o Magnetic tield  Cym Geometric factor Courtesy of ADMX collaboration ]—-


http://10.1103/PhysRevLett.51.1415
http://10.1103/PhysRevD.32.2988

Direct searches with INFN-LNF FLASH Luca Visinell
Cavity search in Frascati (Rome)

1071 =
FLASH cavity search with

107 - Claudio Gatti's group (INFN-LNF)
; : [Alesini+ 2309.00351] (+LV)

Contents lists available at ScienceDirect
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Physics of the Dark Universe

Lol

journal homepage: www.elsevier.com/locate/dark

Full Length Article R

CCCCCCC

The future search for low-frequency axions and new physics with the FLASH
resonant cavity experiment at Frascati National Laboratories
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Paolo Falferi ¢, Claudio Gatti?, Maurizio Giannotti , Paola Gianotti ?, Gianluca Lamanna 8,
Carlo Ligi ?, Giovanni Maccarrone ?, Giovanni Mazzitelli ?, Alessandro Mirizzi ™,
QC-,(!) Michael Mueck/, Enrico Nardi #*, Federico Nguyen ', Alessio Rettaroli ?, Javad Rezvani ™2,
29 )g Francesco Enrico Teofilo”, Simone Tocci ?, Sandro Tomassini ?, Luca Visinelli >P,
Michael Zantedeschi P

oxXviagqed

HAYQTAC

Partial overlap with BabylAXO reaches
when used as a haloscope [2306.1/7243]
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See also the proposal by the RADES collaboration
% 'Diaz-Morcillo+ 2021)
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https://arxiv.org/abs/2309.00351
https://arxiv.org/abs/2306.17243
https://doi.org/10.3390/universe8010005
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Searches with helioscopes uca Visinell

1 -
Axion production in the Sun Lyt = ngaF,wF‘“’ + Gae
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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

Solar axions scattering with electrons
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XENONNT bound on ( gg~ — Gae) [2207.11330]

Previous results “XENON1T excess” [2006.09721]

See also Vagnozzi, LV+ [2103.15834]

New work in progress:
Scalar field production in the Sun

This work

Luca Visinelll

Bm

Paper coming out tomorrow!
With Sunny Vagnozzi
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https://arxiv.org/abs/2207.11330
https://arxiv.org/abs/2006.09721
https://arxiv.org/abs/2103.15834

Summary of axion-photon coupling bounds Luca Visinell
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“Summary of axion-photon coupling bounds Luca Visinell
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summary
AMC-NS radio transients Missing ingredients

 Lasting days to years « Concurrent structure formation &

e Within reach of current & future searches disruption

» Expect O(1) bright event on the sky at all * Realistic input to Monte Carlo simulations
fimes (e.g. density profiles, P(M, 0))

e Concentrated towards the Galactic o UnderStanding axion star formation at the
Centre low-mass end

Please re-cast the results and re-use the codel

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



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

