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Summary

2
Kerstin Perez (Columbia U.)

• The International Axion Observatory (IAXO) 

is the successor to the CAST axion 

helioscope experiment

• IAXO will provide sensitivity to axions and 

ALPs across a wide mass range, in 

particular to QCD axions in the high-mass 

(>10−3 eV) region

• BabyIAXO, a preliminary experiment, will 

already deliver a factor of ~5 improvement 

in sensitivity to the axion-photon 

coupling. IAXO will offer a factor of ~20 

improvement.

• Construction proceeding on BabyIAXO, with 

commissioning starting 2027
IAXO Collaboration,  

JHEP 05 (2021) 137



Stars as axion factories
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• Axion field (breaking of Pecci-Quinn symmetry) provides CP symmetry conservation…and a new particle!
 

• Axion-like particles generic feature of many BSM models (e.g. string theory)

Couples to fermions Couples to photons



Stars as axion factories

4

• Axion field (breaking of Pecci-Quinn symmetry) provides CP symmetry conservation…and a new particle!
 

• Axion-like particles generic feature of many BSM models (e.g. string theory)

Compton Bremsstrahlung 
Primakoff

+ e-I Bremsstrahlung, axio-recombination, axio-deexcitation = “abc” processes   

• Axions can participate in analog of many astrophysical processes…stars are axion factories!

Couples to fermions Couples to photons



Searching for solar axions with the International Axion Observatory 
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Primakoff conversion of blackbody 

photons (keV) in solar core
Sikivie PRL 51:1415 (1983) 



Magnet
X-ray optics

X-ray detectors

Searching for solar axions with the International Axion Observatory 
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Primakoff conversion of blackbody 

photons (keV) in solar core
Sikivie PRL 51:1415 (1983) 

IAXO will use a strong magnetic field to convert solar axions

 into X-ray photons that are focused onto low-background detectors

Enhanced axion helioscope:

Irastorza et al 2011 JCAP 1106, 013



Searching for solar axions with the International Axion Observatory 

7

Primakoff conversion of blackbody 

photons (keV) in solar core
Sikivie PRL 51:1415 (1983) 

IAXO will use a strong magnetic field to convert solar axions

 into X-ray photons that are focused onto low-background detectors

Magnet
X-ray optics

X-ray detectors

Redondo JCAP 1312 008 (2013)

Enhanced axion helioscope:

Irastorza et al 2011 JCAP 1106, 013



IAXO builds on successful CAST design

CAST (CERN Axion Solar Telescope, 2003-2015) delivered first sensitivity to ~0.1-1 eV axions,

leading sensitivity to ALPs across wide mass range
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Nature 2017 13, 584–590

JCAP 2007 (04):010

JCAP 2009 (02):008

PRL 2011, 107, 261302

PRL 2014, 112, 091302

4He
3He

Lower bkgd 

detectors, X-

ray telescope

~10m long, 9T

• Major technologies demonstrated for 

IAXO, including pathfinder X-ray optic 

• Buffer gas phase extends sensitivity to 

higher mass axions Van Bibber et al. Phys.Rev. D (1989)

0.003 m2

~10m long, 9T



IAXO optimizes helioscope design parameters

Expected IAXO improvement over CAST:

1−1.5 orders of magnitude in sensitivity to gaγ (factor of 1-2x104 in S/N)
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IAXO Collaboration, 

JHEP 02 (2025) 159

Design sensitivity validated using 

custom ray-trace code



BabyIAXO: design validation + novel sensitivity
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IAXO Collaboration, 

JCAP 1906 (2019) 047

IAXO

2.5~3.5 T



BabyIAXO: design validation + novel sensitivity
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BabyIAXO

• Bore dimensions and detection lines representative of IAXO

• Magnet will validate coil design

• Risk mitigation/improvement for all systems

• Novel axion sensitivity!

IAXO Collaboration,  

JHEP 05 (2021) 137

IAXO

IAXO Collaboration, 

JCAP 1906 (2019) 047

2.5~3.5 T



Progress on all BabyIAXO systems: Infrastructure
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Site at DESY:

HERA South Hall, former 

ZEUS detector hall

Support and drive: 

Re-use CTA 

MST prototype

Beam Line engineering 

Experimental setup interfaces 

defined and finalized. Beamline 

sectors ready for procurement



Progress on all BabyIAXO systems: Detectors
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Micromegas detectors: 

Surface tests improved 

shielding, 4pi muon veto

Further underground tests 

underway 

Additional beyond-baseline 

technologies:

GridPix, MMC, TES, SDD

• Low background (<10-7 – 10-8 cts keV-1 cm-2 s-1)

▪ Already demonstrated 8×10-7 c keV-1 cm-2 s-1 and 10-7 cts keV-1 cm-2 s-1  

above ground and at Canfranc, respectively

• High detection efficiency



Progress on all BabyIAXO systems: Magnet
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Common-coil ”racetrack” magnet: 

• “Common coil design close to IAXO toroidal design

• Minimal construction risk and cost-effective

• Ongoing production/procurement of Al-stabilized 

superconductor cable

Magnet 3D coil geometry, current 

direction, and resulting magnetic field

Nb-Ti/Cu 
Rutherford cable

Aluminum

CERN Rutherford cabling machine + trial length of conductor produced

First km of Rutherford cable 

under production at WST

B [T]

70 cm

10 m

2 T region



X-ray optics for axion research
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Henriksen, et al. Applied 

Optics 60, 22 (2021)



X-ray optics for axion research
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SPIE Vol.  7473, p.107-114 (2009) 

Civitani, et al. SPIE, 9905 (2016)

Outer corona optic:

• Cold-slumped Willow glass 

technology

• Several prototypes complete

• First 1/12th sector for BabyIAXO 
calibration @ PANTER early 2026

Inner core optic:

• Segmented slumped 

glass technology

• Leverage facilities, 

materials, and team 
expertise from 

NuSTAR

Henriksen, et al. Applied 

Optics 60, 22 (2021)

 Columbia team having fun!

Prototype calib. @ PANTER 2026 



IAXO as a generic detection facility
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(Baby)IAXO constitutes a great infrastructure that can be used to target other 

physics goals beyond Primakoff solar axions

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

Axions from
close-by

supernovae

DM axions: 
haloscope setups

within BIAXO 

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

axion mass and model)

+ More (dark photons, high-frequency gravitational wave searches… )

Slide credit: Julia Vogel

Armengaud et al 2019, 

JCAP 1906, 047



Vibrant and growing collaboration!
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~125 scientists from ~25 member institutions

Kirchhoff Institute for Physics, Heidelberg U. (Germany) | IRFU-CEA (France) | CAPA-UNIZAR (Spain) | INAF (Italy) | CERN (Switzerland) | 

ICCUB-Barcelona (Spain) | Siegen University (Germany) | University of Bonn (Germany) | DESY (Germany) | University of Mainz (Germany) | 
Columbia University (USA) | LLNL (USA) | University of Cape Town (S. Africa) | Max Planck Institute for Physics, Munich (Germany) | CEFCA-
Teruel (Spain) | U. Politecnia de Cartena (Spain), U. Hamburg (Germany) | DTU (Denmark) | SOLEIL (France) | IJCLab (France) | LIST-CEA 

(France) | TU Dortmund (Germany)



Conclusions
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• IAXO will improve sensitivity over one order 

of magnitude across broad mass range

• BabyIAXO under construction, 

commissioning starting 2027

• Targeted sensitivity to QCD axions with 

m > 10-3 eV

• Sensitivity is independent of assumption that 
axion is dark matter

• Axions in the mass range could be cold dark 

matter candidates, depending on tuning of 

vacuum realignment mechanism, axion 
string or domain walls decay to axion post-

inflation

IAXO Collaboration, 

JCAP 06 (2019) 047



Backup



Sensitivity to gae
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Design parameters
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Buffer gas extends sensitivity to higher ma
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Haloscopes within (Baby)IAXO
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• Use of (Baby)IAXO large magnetic 

volume for axion haloscope designs

• RADES R&D exploring new concept in 

which sub-cavities coupled by inductive 

irises used to instrument large volumes

• Proof-of-concept at small scale 

successfully tested in CAST

• Technological connection with 

CERN

• Aim: to become the seed of a program 
to implement haloscope DM searches 

in BabyIAXO

Resultado de imagen 
de erc logo

Part of ERC-StG (2018)

B. Döbrich/CERN

CAST Collaboration, First results of the 

CAST-RADES haloscope search for 

axions at 34.67 μeV (2021)

https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiSydm4_MHbAhXCvhQKHVQpA0sQjRx6BAgBEAU&url=https://erc.europa.eu/managing-your-project/communicating-your-research&psig=AOvVaw3FKYgDkr27kq0I37R0hfHn&ust=1528475324887615


Haloscopes (RADES)

• 10x-scaled-down BabyIAXO cavity prototype 

successfully tested at cryo.
• Measured Q_0 close to theoretical expectations

• Tuning system tested.

• Now 50 cm x 1 m long cavity being designed

• Meeting with CERN experts to produce 

manufacturing design & construction
• Then it will be measured at dilution fridge being 

prepared at KIT

• Prospects for HFGW 
detection with BabyIAXO 

cavities



Astrophysical axion processes
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