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Sept-2000



Celebrating Ioannis Theopisti & Igor 3

First “Micromegas for RE” PhD thesis

It was followed by many more…

Kostas Koussuris

Alfredo Tomas,

Paco Iguaz,

Diana Herrera,

Laura Seguí,

Juanan García,

Xavi Gracia,

Elisa Ruiz-Chóliz,

(and in progress…)

Hector Mirallas,

Cristina Margalejo,

Oscar Pérez,

David Díez,

Luis Obis,

Alvaro Ezquerro,

María Jiménez

…
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• First CAST physics result 2005: most cited axion 

experimental paper until 2018
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• Last CAST (solar axion) paper in Nature physics

2017: currently most cited axion experimental paper
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Test MM detector + 

slumped-glass x-

ray optics together

X-ray optics 

specifically built 

for axions

Low background 

Micromegas at the 

focal point

5 mm

Calibration data

Detector: JCAP12 (2015) 

Physics: Nature Phys. 13 (2017) 584-590 

Background spectrum

“axion” data

• Best SNR of  any previous

detector

• 290 tracking hour acquired

(6.5 months operation)

• 3 counts observed in RoI (1 
expected)
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• First tests of MM 

underground

(Modane 2002/3)
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• First CAST detector installed

underground (Canfranc 2007)

(A. Tomás PhD thesis)



• More on the spherical

detector by Kostas
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• Gas TPCs offer high potential for 

rare event through signal topology. 

– But, complex detector to reach high 

masses

• Novel readout techniques based on 

MPGD

• T-REX to merge MPGDs 

(=Micromegas) + low background 

expertise.

• Focus on exploratory R&D and small 

scale prototyping

Novel MPGD 

developments

Low

background

techniques

Application of  TPCs to 

Rare Event searches?

New generation of  

experiments with

access to high

topological information
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• Generic R&D results:

– Radiopurity

– Scalability

– Topological information

– Stability & energy resolution

– Technical improvements & robustness

– Software tools: REST-for-physics

• Application in experiments:

– Axions: CAST & IAXO

– bb0n: PandaX-III

– WIMPs: TREX-DM (*)

Summary of TREX results:

JCAP 1601 (2016) 01, 034

JCAP 1601 (2016) 01, 033

25 cm side

Largest 

microbulk 

up to now
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“Microbulk” Micromegas

Thanks to Rui’s workshop at 

CERN !



• Looking for DM at the low mass frontier

• Technology: very similar to CAST/IAXO 

focal detectors but 1000x larger size

• Very complementary with other 

technologies in the low-mass WIMP 

search

• Experiment status: under 

commissioning at LSC

• Targets:

– <1 keV threshold (R&D to push it to <100 eV)

– 1 dru background

Largest single unit

microbulk MM ever built

70L HP Neon TPC
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-III



• Prototype: Intermediate 

experimental stage before 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

• Test & improve all systems. 

Risk mitigation for full IAXO

• Physics: will also produce 

relevant physics outcome 

(~100 times larger FOM than CAST)
~100x CAST SNR

ERC-AvG 2017 IAXO+

BabyIAXO conceptual design
JHEP 05 (2021) 137
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• Next generation “axion helioscope” after 

CAST

• Purpose-built large-scale magnet

>300 times larger B2L2A than CAST magnet

Toroid geometry

8 conversion bores of  60 cm Ø, ~20 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)

IAXO conceptual design
JINST 9 (2014) T05002

~104-5 x CAST SNR
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• BabyIAXO detector prototypes. One of  them underground now taking

data at LSC 

• First background results from Micromegas:

– IAXO-D0 (Xe, surface, neutron shield): 8-9 × 10-7 c keV-1 cm-2 s-1

– IAXO-D1 (Ar, underground LSC): 1.7 × 10-7 c keV-1 cm-2 s-1

~1.7 × 10-7 c keV-1 cm-2 s-1



• Ioannis pioneering efforts with Micromegas 

have had a long-standing impact in the Rare 

Event field…
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But equally important is his personal impact of  his kindness, 

closeness, and support as a colleague, mentor and friend


