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What are axions?

» Hypothetical particles proposed to solve the strong CP problem.
= CP violation expected in QCD, but not observed experimentally (6 , nEDM)

9l <13 x 107" =—= Lop = QSWGZVGW

= Peccei-Quinn mechanism (1977): Problem solved dynamically A new global U(1)
symmetry, O turn into a dynamical variable, relaxes to zero

<L
= Axion: a pseudo Goldstone-Boson of spontaneous symmetry breaking of PQ at yet
unknown scale f, 107 Gel

m, = 0.6 eV X

fa

» Strong candidates for dark matter
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Why axions

*Plenary talk by Javier Redondo

Cosmology

» Most compelling solution to the Strong CP oo
problem of the SM Strong CP

problem
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» Axion-like particles (ALPs) predicted by many
extensions of the SM (e.g. string theory)
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» Axions, like WIMPs, may solve the DM problem
for free. (i.e. not ad hoc solution to DM)

» Astrophysical hints for axion/ALPs?

» Relevant axion/ALP parameter space at reach of
current and near-future experiments

»Rapidly increasing interest & experimental

. 1977 2025
efforts devoted to axions
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How to search for them: axion-photon coupling

»Generic two photons interaction | _ . .z 5
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»+ Axioelectric interactions = only for non
hadronic models
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> ALPS = BSM interactions | 9« ™a

Behind most of the current
experimental efforts
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Axion production in intense EM fields

Primakoff effect(1951)
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Experimental efforts and astrophysical/cosmological limits
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*Talk by Cristian Cogollos
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Earth based experiments. Astro/cosmo: no DM
asumption and some asumptions.
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Solar axion searches: Helioscopes

Non-hadronic “ABC” ]
Solar axion flux Standard Primakoff
\ _ , ‘ spectrum

T

—— Axion-Photon ggy = 107" GeV~!
——— Axion-Electron go. = 1071

4% [10% keV~" m~2 year~!]

Axion helioscope concept P. Sikivie (1983)
+ K. van Bibber, G. Raffelt, et al. (1989)

(use of buffer gas)
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Helioscopes: detection working principle

» First axion helioscope proposed by P. Sikivie

P. Sikivie 1983 PRL 51 1415

Reconversions of axions into x-ray photons possible in strong laboratory magneti

field

X-ray
e 500 s ﬂ*\ detector
vwwvm-------}————————————_———.————————————— )( )———-}
% Flight time EH"H
S
Sun " Earth CAST
BLg L 2 LS 104? t=1y (33 days,
feor = (Tw) TT = Lo o
2E,
> ldea refined by K. van Bibber et al. [ vansioberetat 1989 Phys. Rev. D 39 2089 Z”:J
Buffer gas to restore coherence over long magnetic field and access higher axion °
masses 10;— 6.08 mbar
Bg 2 1 ms, —m; " f
Py = S [1 +e 't —2e7 2 cos (g L ] Q= |57 "
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CAST: state-of-the-art

First helioscope using low
background techniques & x-ray
focusing

Sunrise
X-ray telescope system

Sunset

CAST First Results: PRL 94 (2005)121301 Vacuum
CAST phase | final results: JCAP (2007) 010 “He
CAST phase Il latest results: JCAP (2009) 008 3He
CAST phase lll:Nature Physics 13 (2017) 584 Vacuum

l

Shielding

X-ray detector
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|AXO (International Axion Observatory) concept

X-ray optics

L 1Y
Enhanced axion ovon i}
. i flux 3
helioscope: | _______ > m A .
Irastorza et al 2011 -2 3 || B Y|
JCAP 1106, 013 S A AR N B S
o . . Q N X-ray detectors —————————
Helioscope Figure of Merit T
Movable platform
Measure of sensitivity to 4 -2 A -1 -1/2 _ _
axion-photon interac'zlion ayoc (BL) A x 1 % S1/2801 b1/28 1
- . 4 J \ J \ J \ J
Y
magnet exposure optics detectors
The smaller g, , the better! B = magnetic field t = time s = spot size b = background
L =magnet length g~ efficiency ¢ = efficiency
A = cross-sectional area

Expect improvement for next generation (International Axion Observatory):

1-1.5 orders of magnitude in sensitivity to g, (4+ orders of magnitude better S/N than CAST
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|AXO: Cutting-Edge experiment

>Next§neration “axion helioscope” after
CAST—> mature technology

»Purpose-built large-scale magnet
= >300 times larger FOM than CAST magnet
= Toroidal geometry, upto 5.4 T
= 8 conversion bores of 60 cm @, ~25 m long

» Detection systems (XRT+detectors)

= Scaled-up versions based on experience in CAST
= Low-background techniques for detectors

= Optics based on slumped-glass technique used in
NuStar

»~50% Sun-tracking time

» Large magnetic volume available for
additional “axion” physics (e.g. DM
setups)

Armengaud et al 2014 JINST 9 T05002
Irastorza et al 2011 JCAP 1106, 013

Gloria Luzén CAPA/Unizar

TeVPA 2025

1




BabylAXO: An intermediate experimental stage

JHEP 05 (2021) 137

BabylAXO conceptual design

» A technological prototype of IAXO

* Two bores of dimensions similar to final
IAXO bores = detection lines
representative of final ones.

 Magnet will test design options of final
IAXO magnet—>upscalable

* X-ray optics/detectors close to final IAXO

construction at

Now under

Current BabylAXO timeline:
» 2026: Site activation

> 2027: magnetle_ss-_ )
ommissioning

» 2028: dark photon run
» 2029: magnet installation

» 2030+: commissioning +
axion runs

configuration (focal length, performance) DESY, Hamburg
 Test & improve all systems. Risk mitigation
for full IAXO
> Relevant physics outcome e:rc W\ XO
(~100 times larger FOM than CAST) ~100x CAST SNR g,, S few 10" GeV"' (expected)
ERC-AVG 2017 IAXO+ %t g, S57x10" Gev
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(Baby)IAXO physics case UAXO

. 107%
L IAXO physics potential
5 JCAP 06 (2019) 047
E 10"
10—11}
| QCD axion models
Unexplored ALP 10-11
space
10—12
IAXO+: enhanced
scenario with x10
(x4) higher FOM
s (MFOM) with respect
— R B IR TR B R R TiT B SRR TT B SNt | i N FEFEETTT T AT | B I AR TTT| B A Tl AN S T
10~ 107" 107 107% 107 10°% 10° 107* 1007% 102 0.1 1 Lol
m, (eV)
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BabylAXO: a generic axion (ALP) facility UAXO

» A great infrastructure to target other physics goals beyond Primakoff solar
axions:

Axions from DM axions:
close-by haloscope setups
supernovae within BIAXO

Non-Primakoff
solar axions
(a-e, a-N, ...)

Other WISPs: hidden
(dark) photons,
chameleons ...And also
high-frequency
gravitational waves!!

Post-discovery
“precision” physics
(solar B and T, axion

mass and model)
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Conclusions

» Axions = DM candidates simultaneously solving strong CP

» Complementary experimental efforts: haloscopes, helioscopes, LSTW, ...
> Solar axion searches probe large regions of axion (ALP) parameter space
> Current best limit on solar axion (CAST): g,, < 6.6 x 10" GeV"*

> BabylAXO (IAXO) targets axion discovery: few 10*!(10'%)GeV?'ing,,

> Intriguing IAXO physics cases beyond axion-photon (g, g.,, QCD, ALPs,

astrophysical hints, dark photons, dark energy...)
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|JAXO Collaboration

~125 scientists from 19 full member
institutions + 6 associate institutions.

Full members: Kirchhoff Institute for Physics, Heidelberg U. (Germany) |
IRFU-CEA (France) | CAPA-UNIZAR (Spain) | INAF-Brera (Italy) | CERN (*)
(Switzerland) | ICCUB-Barcelona (Spain) | Siegen University (Germany) | Barry
University (USA) | TU Dortmund (Germany) | University of Bonn (Germany) |
DESY (Germany) | LLNL (USA) | University of Cape Town (S. Africa) |
Technical University Munich (TUM) (Germany) | CEFCA-Teruel (Spain) | U.
Polytechnical of Cartagena (Spain) | U. of Hamburg (Germany) |
MPE/PANTER (Germany) | U. Columbia (USA) |

Associate members: DTU (Denmark) | SOLEIL (France) | IUCLab (France) |
LIST-CEA (France) | ITA-Zaragoza (Spain) | IFIC-Valencia (Spain) | ESA (*) |
NASA (*)

22nd Collaboration meeting
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