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Direct Detection Experiments on Space Platforms

Active:

● AMS (Alpha Magnetic Spectrometer on the International Space

Station ISS), in operation since May 19th 2011, expected to continue

during the ISS lifetime (2030+)

In preparation:

● HERD (High Energy cosmic Radiation Detection facility for the 

China Space Station CSS), planned for operation starting in 2028 for 

about 10 years

Possible Future Projects:

● AMS-100

● ALADInO
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Personnel

Scientific Personnel:

Seniors: J. Casaus (AMS, HERD, R&D), C. Delgado (AMS), F. Giovacchini

(AMS, HERD, R&D), M. Velasco (AMS, HERD)

Emeriti: M. Aguilar (AMS), C. Maña (AMS) 

Students: I. Rodríguez (2026), F. Hernández (2028), A. Aceituno (2029)

Technical Personnel:

Mechanics Engineers: C. Díaz (HERD, R&D), M. Polo (HERD)

Mechanics Technician: A. Castro (HERD, R&D)

Electronics Engineers (Tech. Dept.): J. Marín (HERD, R&D), G. Martínez

(HERD), Ll. Freixas (R&D)
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Funding

Spain – AEI:

Project: Participation in the AMS Experiment on the ISS, in the HERD Experiment for 

the CSS, and R&D Activities for Future Detectors in Space

Funding Agency: MICINN (PID2022-137810NB-C21)

Duration: 2023-2026(7) (AMS Science Activities, HERD Prototype, R&D)

Funding: 506,250 €

PI: Jorge Casaus; co-PI: Carlos Mañá

Spain – AEI:

Project: Participation in the AMS Experiment

Funding Agency: MICINN (PCI2023-145945-2)

Duration: 2023-2026(7) (Contribution to AMS Operation and Computing)

Funding: 300,080 €

PI: Jorge Casaus
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Highlights in the mid2023-mid2025 period
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CIEMAT made a major contribution in the design and construction of the RICH detector, and is responsible 

for the RICH operations from the AMS-POCC at CERN and the offline reconstruction software
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AMS is an international collaboration with 250 members 

from 44 institutions from Europe, Asia, and America

After 15 years of operation on the ISS

AMS has collected more than 260 billion cosmic rays
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Main analysis topics at CIEMAT:

❏ Cosmic Rays nuclei fluxes and ratios (p, He,…Fe)
(11 PRL, 6 selected as Editors’ Suggestion, 4 Featured in Physics)

❏ Cosmic Rays isotopic composition (D, 3He, Li)
(3 PRL, 3 selected as Editors’ Suggestion, 1 Featured in Physics)

❏ Flux Anisotropy in e+, e-, protons and light nuclei fluxes
(in 3 PRL, selected as Editors’ Suggestion)

❏ Time evolution of electron and positron fluxes
(2 PRL, 1 of them selected as Editors’ Suggestion, Featured

in Physics, and Physics Viewpoint)
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8,666 citations to date

More details on the activities
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M. Aguilar et al., AMS Collaboration,  Temporal Structures in Positron Spectra and Charge-Sign Effects in Galactic Cosmic Rays 

Phys. Rev. Lett. 131, 151002 (2023)

Temporal Structures 

in e+ Spectra and 

Charge-Sign Effects 

in GCR

The AMS results over an 11-year 

solar cycle show that positron 

fluxes have distinctly different time 

variations from electron fluxes and 

similar to protons

https://doi.org/10.1103/PhysRevLett.131.151002
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M. Aguilar et al., AMS Collaboration,  Properties of Cosmic Deuterons Measured by the Alpha Magnetic Spectrometer  

Phys. Rev. Lett. 132, 261001 (2024)

Origin of Cosmic Deuterons

The AMS results disagree with the latest model with D as secondary cosmic rays

Deuterons have a significant primary component

https://doi.org/10.1103/PhysRevLett.132.261001
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M. Aguilar et al., AMS Collaboration, Properties of Cosmic Lithium Isotopes Measured by the Alpha Magnetic Spectrometer 

Phys. Rev. Lett. 134, 201001 (2025)

Origin of Cosmic Lithium
The AMS results observation supports the secondary origin of lithium in cosmic rays 

and excludes the existence of a sizable primary component in the 7Li flux.

https://doi.org/10.1103/PhysRevLett.134.201001
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AMS L0 Flight Hardware Integration & Metrology @CERN

April 20th, 2026: Vibration test

May 11th, 2026: Thermal Vacuum Test

June  8th, 2026: EMI Test

June 26th, 2026: NASA/DOE visit

July  20th, 2026: Test Beam @SPS

08/2026: Ready for Delivery to NASA KSC

03/2027: Launch on SpaceX-36

Detector mapping performed at 
several steps during integration 

and a final one after all tests and 
before test beam
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AMS Upgrade confirmed on the NASA flying manifest  
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https://www.commerce.senate.gov/2026/3/commerce-committee-advances-nasa-reauthorization-act-and-weather-act

https://www.commerce.senate.gov/2026/3/commerce-committee-advances-nasa-reauthorization-act-and-weather-act
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Energy [GeV]
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More details on the activities

HERD: The High Energy cosmic-Radiation Detection 

Experiment onboard China Space Station

❏ HERD is a spaceborne cosmic ray detector and gamma ray 

observatory to be installed at the CSS in 2028 and operate for a period of 

10 years

❏ indirect search for dark matter, extend of the direct measurement of 

CRs to higher energies, and gamma-ray monitoring and full sky survey
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More details on the activities

HERD: The High Energy cosmic-Radiation Detection 

Experiment onboard China Space Station

❏ 28 Research Institutes and Universities from China, Italy, Spain and 

Switzerland 200 members

❏ HERD Spain: 3 Institutes (CIEMAT, ICCUB, and IFAE)

(conceptual design, prototype validation, and science)
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HERD: The High Energy cosmic-Radiation Detection 

Experiment onboard China Space Station
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More details on the activities

HERD: The High Energy cosmic-Radiation Detection 

Experiment onboard China Space Station

HERD implements a novel 3D calorimeter concept for space 

applications developed in the INFN Calocube R&D project participated 

by CIEMAT since 2015 
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❏ HERD CALO prototypes have been extensively tested at CERN PS and SPS

❏ Analysis of the 1,000 LYSO crystal prototype tests at SPS provides electron, 

proton and ion energy resolutions consistent with specifications 
O. Adriani et al., 2025 JINST 20 P02015

P. Betti et al., Instruments 2024, 8(1), 5

https://doi.org/10.1088/1748-0221/20/02/P02015
https://doi.org/10.3390/instruments8010005
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 No European contribution to HERD flight hardware

 Spanish groups involved in the assessment of HERD scientific capabilities and in the 

future scientific exploitation

HERD: The High Energy cosmic-Radiation Detection 

Experiment onboard China Space Station
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Next generation Magnetic Spectrometers in Space

ALADInO AMS-100

ALADInO and AMS-100 to be installed in L2, share the heritage of 

AMS and HERD to provide 10-100 increased sensitivity

Pathfinder mission next decade final scientific mission: ~2040-50
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Precise ToF measurements for 

future Magnetic Spectrometers in Space
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Precise ToF measurements for 

future Magnetic Spectrometers in Space

 Development of a test ASIC with 6 input channels implementing different configurations to study and 

optimize the time resolution (under test)

 Evaluation of the optimal read-out circuit architecture expected in 2025.

 A second version of the ASIC, designed on an optimized technology, to be sent to the foundry in 2026.

 Conversations with FBK to procure SiPM arrays for evaluation  

 Cryogenic and TVT tests to study the performance in real conditions (under study)
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Current responsibilities

 AMS:

 RICH Operation & Control Coordinator (FG – 2011-)

 RICH Offline Software Coordinator (CD – 2011-) 

 Spanish National Coordinator (JC – 2020-)

 Anisotropy Analysis Working Group Convener (MAV – 2024-)

 Finance Board Representative (CM – 2020-)

 HERD:

 Trigger Working Group co-Coordinator (JC – 2020-)

 Institute Leader Board Member (JC – 2020-)

 Science Committee Member (JC – 2025-)
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Some thoughts about the future of the research line

 AMS measurements provide new insights on cosmic-ray origin, acceleration and propagation mechanisms, and 
require a comprehensive model that reproduces these observations

 With the upgrade, AMS will explore the heavy secondaries in the sub-Fe group, the heavy primaries beyond Fe, and 
improve the accuracy of the positron, electron, and antiproton measurements at high energy

 HERD is the next generation space calorimetric experiment to be deployed at the CSS by 2028 for a 10-year mission 
which will extend the range of direct CR measurements to the knee of the spectrum

 The new generation of space magnetic spectrometers proposed for the next decade(s) will improve the current 
sensitivity by a factor 10-100. 

 CIEMAT-FP Strengths:

 Recognized expertise in cosmic ray direct detection, including hardware development, operation, software, and science

 Participates in world-leading projects and future proposals

 CIEMAT-FP Challenges:

 Current difficulties in hiring new technical personnel & young postdocs may limit our visibility in new projects

 Space is a harsh environment… Geopolitics matters even more than in other areas
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BACKUP
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