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Direct Detection Experiments on Space Platforms

Active:

e 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:

e 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:

e AMS-100

e ALADINO




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. Mafa (AMS)

Students: I. Rodriguez (2026), F. Hernandez (2028), A. Aceituno (2029)
Technical Personnel:

Mechanics Engineers: C. Diaz (HERD, R&D), M. Polo (HERD)
Mechanics Technician: A. Castro (HERD, R&D)

Electronics Engineers (Tech. Dept.): J. Marin (HERD, R&D), G. Martinez
HERD), LI. Freixas (R&D




Spain — AEL:

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 €

Pl. Jorge Casaus; co-PI: Carlos Mafia

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 €

Pl: Jorge Casaus




AMS: direct detection of cosmic rays from the
International Space Station <A

AMS installed on the ISS in May 2011
Near Earth Orbit:

altitude 400 Km

inclination 52°

period 92 min
Continuous operations

\ )
through the ISS lifetime (at least 2030) b *«z«r \\

AMS provides precision, long-duration measurements o
charged cosmic rays to study the Origin of the Cosmo
the physics of Dark Matter and Antimatter
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AMS is a space version of a precision detector used in accelerators

Transition Radiation Detector (TRD) Upper TOF measure Z, E
iderﬂfx e, e O =T §

g O
" Frer |
N HWA

Magnet |dent|fy +z,pP

Silicon Tracker
measure Z, P

Anticoincidence Counters (ACC)
relect partlcles from the snde

Ring Imaéing Cerenkov (RICH)
measure Z, E

Electromagnetic Calorimeter (ECAL)
measure E of e*, e

. Slomat . CIEMAT-FP Advisory Committee mid2023-mid2025 —— March 11t%-12t, 2026



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

. CTiemat
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AMS is an international collaboration with 250 members
from 44 institutions from Europe, Asia, and America

USA

MIT - CAMBRIDGE

NASA JOHNSON SPACE CENTER
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CIEMAT - MADRID‘ ASI
LA.C. CANARIAS. IROE FLORENCE
e e INFN & UNIV. OF BOLOGNA
INFN & UNIV. OF MILANO-BICOCCA
INFN & UNIV. OF PERUGIA
INFN & UNIV. OF PISA
INFN & UNIV. OF ROMA
INFN & UNIV of ROMA TOR VERGATA
| INFN & UNIV. OF TRENTO

CHINA
IEE (Beijing)
IHEP (Beijing)
BUAA (Beijing)
SEU (Nanjing)
SYSU (Guangzhou)
SDU (Jinan)
SDIAT (Jinan)
ZJU (Hangzhou)

ACAD. SINICA (Taipei)
NCSIST (Taipei)

NCU (Chung Li)

NCKU (Tainan)

After 15 years of operation on the ISS

o Clemat

AMS has collected more than 260 billion cosmic rays



Main analysis topics at CIEMAT:

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

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

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

1 Time evolution of electron and positron fluxes
(2 PRL, 1 of them selected as Editors’ Suggestion, Featured
in Physics, and Physics Viewpoint)




AMS Publications in Physical Review Letters

1) Phys. Rev. Lett. 110, 141102 (2013)

2) Fhys. hew leic 115, 124194 (201s)
3) Phys. Rew. Lett. 113, 121102 (2014)
4) Phys. Rev. Lett. 113, 221102 (2014)
5) Phys. Rev. Lett. 114, 171103 (2015)
6) Phys. Rev. Lett. 115, 211101 (2015)
7) Phys. Rev. Lett. 117, 091103 (2016)
8) Phys. Rev. Lett. 117, 231102 (2016)
9) Phys. Rev. Lett. 119, 251101 (2017)
10) Phys. Rev. Lett. 120, 021101 (2018)
11) Phys. Rev. Lett. 121, 051101 (2018)
12) Phys. Rev. Lett. 121, 051102 (2018)
13) Phys. Rev. Lett. 121, 051103 (2018)
14) Phys. Rev. Lett. 122, 041102 (2019)
15) Phys. Rev. Lett, 122, 101101 (2019)
16) Phys. Rev. Lett. 123, 181102 (2019)
17) Phys. Rev. Lett. 124, 211102 (2020)
18) Physics Reports 894, 1(2021)

19) Phys. Rev. Lett. 126, 041104 (2021)
20) Phys. Rev. Lett. 126, 081102 (2021)
21) Phys. Rev. Lett. 127, 021101 (2021)
22) Phys. Rev. Lett. 127, 271102 (2021)
23) Phys. Rev. Lett. 128, 231102 (2022)
24) Phys. Rev. Lett. 130, 161001 (2023)
25) Phys. Rev. Lett. 130, 211002 (2023)
26) Phys. Rev. Lett. 131, 151002 (2023)
27) Phys. Rev. Lett. 132, 261001 (2024)
28) Phys. Rev. Lett. 134, 051002 (2025)
29) Phys. Rev. Lett. 134, 051001 (2025)
30) Phys. Rev. Lett. 134, 201001 (2025)

8,666 citations to date

Editors” Suggestion.

Viewpoint in Physics. Highlight of 2013.
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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)



https://doi.org/10.1103/PhysRevLett.131.151002

Origin of Cosmic Deuterons

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

Deuterons have a significant primary component
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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)
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https://doi.org/10.1103/PhysRevLett.132.261001

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 “Li flux.
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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)

oot Cl'emn(:

CIEMAT-FP Advisory Committee mid2023-mid2025 — March 11t%-12th, 2026


https://doi.org/10.1103/PhysRevLett.134.201001

AMS 2011-2026 AMS 2026-2030+

Continuous data-taking New 4+4m2 Silicon Tracker Planes
Acceptance increased to 300%
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1.‘— q
Detector mapping performed at
several steps during integration
and a final one after all tests and

before test beam
Virtual Environment

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
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AMS Upgrade confirmed on the NASA flying manifest

National Aeronautics and
Space Administration

Lyndon B. Johnson Space Center
2101 NASA Parkway
Houston, Texas 77058-3696

January 29, 2026

:OA-26-004

Professor Samuel Ting

Principal Investigator, Alpha Magnetic Spectrometer
Massachusetts Institute of Technology

Laboratory for Nuclear Science

77 Massachusetts Ave

#26-306A

Cambridge MA 02139

Dear Professor Ting:

¥ UNIVERSIDADES CEMAT

fisica de particulas

F e | c Noofp
ST OEESPANA  DE CIENCIA INNOVACION z Z{“
| e

The Alpha Magnetic Spectrometer (AMS) continues to be a cornerstone of the International
Space Station’s (ISS) research portfolio, and we recognize the importance of maintaining its
operational integrity and maximizing its use through ISS End of Life. After a comprehensive
assessment of NASA's resources, the ISS Program has concluded that it can support continuing
with the AMS Tracker Layer 0 (TLO) Project for launch on SpaceX-36. In order to minimize
disruptions to delivery of critical ISS supplies, the ISS Program can only offer Northrop
Grumman NG-25 as the flight opportunity for any pressurized cargo. Please also note that the
ISS Flight Program remains dynamic thus any changes which may jeopardize NASA’s ability to
launch critical supplies will necessitate prioritization decisions, potentially affecting research
activities including this AMS TLO effort. With the understanding of these constraints, please
consider the AMS TLO effort re-authorized effective immediately.

We appreciate your continued leadership and collaboration in advancing this critical scientific
endeavor. Please let us know if you require additional details with respect to this decision.

1) /_-‘-"‘--_n
Dana J. Weigel
Manager, International Space Station Program




Commerce Committee Advances NASA Reauthorization
Act and Weather Act

March 4, 2026

WASHINGTON, D.C. - Today, the U.S. Senate Committee on Commerce, Science, and
Transportation unanimously advanced two bipartisan measures: the NASA Authorization Act of 2026 and the Weather
Research and Forecasting Innovation Reauthorization Act of 2026.

The NASA Authorization Act of 2026

Securing American Dominance in the New Space Race

Directs NASA to establish a permanent Moon Base so we can get there before the Chinese.

Requires NASA to begin soliciting for two commercial space stations immediately.

Extends the International Space Station (ISS) to 2032 to avoid a gap in continuous human presence and
capabilities in LEO, thus avoiding ceding leadership to China before commercial stations are ready.
Reasserts American leadership in deep space by advancing the Artemis program as we prepare to return
U.S. astronauts to the lunar surface for the first time since Apollo 17, paving the way for the next
generation of commercial services beyond Earth's orbit.

Protects U.S. national security by prohibiting unauthorized cooperation with China, requiring disclosure
of foreign financial ties in NASA contracting, and directing comprehensive supply chain risk reviews.

% 7 GOBERNO  MINISTERIO
Y DE ESPARA DE CIENCIA, INNOVACS
¥ UNIVERSIDADES



https://www.commerce.senate.gov/2026/3/commerce-committee-advances-nasa-reauthorization-act-and-weather-act

Cosmic Ray Nuclei by 2030

AMS will provide complete and accurate spectra for the
29 elements and provide the foundation for a comprehensive theory of cosmic rays.

109% T T T T | T T T T I T T T T I T T T I I T T T T I T T T

b

f
10' £ C N
Li B
Be N 'Iil N M
1 e
f\ i 8 s

‘| FINafi 5

Requires more data
for accurate measurement

||I'I'I'| T TT1IT

210°
c

()]
> 5
I.|J10

||||I'I'I| TTT

S
Ar Ca Ti Cr

a K Mn

10°F H

2_
10FI 1 | | 1 IL:I\I I | |

0 5 10 15 20 25
Nuclear Charge




Latest Results on positrons e™, electrons e, antiprotons p
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The positron flux is the sum of low-energy part from cosmic ray collisions plus
a high-energy part from pulsars or dark matter both with a cutoff energy E;.
E? :
@ (E) = 25| Ca(B/Ex) + Cs(E/Ey) " exp(~ E/Ey)|
solar Collisions Pulsars or Dark Matter

25""I L ! L b E T

* AMS positrons
4.5 million events

Il[IIIIIIIIIIIlIIIIlIIII

1 10 100 1000
The existence of the finite cutoff energy (5.00)

Is an unexpected observation
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Determination of the Origin of Cosmic Positrons by 2030

AMS will ensure that the measured high energy positron spectrum indeed drops off quickly
and, at the highest energies, the positrons only come from cosmic ray collisions
25 as predicted by dark matter models

¢ Current AMS data

Cosmic Ray Collisions
Astrophysical Journal 729, 106 (2011)
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AMS Result on the electron spectrum
The spectrum fits well with two power laws (a, b) and_
2

E - -
@, (E) = = (Cq EY + CLEY® + Positron Source Term)
E 2.50 effect

2 5 0 Solar Powerlawa Powerlawb

« AMS: 62x10° e

10 100 1000
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By 2030, the charge-symmetric nature of the high energy source
will be established at the 40 level

New sources, like Dark Matter or Pulsars,
produce equal amounts of e+ and e—

- AMS electrons
projection to 2030

10 100 1000
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Positron Anisotropy

North-South
direction ; : i :
East-West : Forward-Backward Astrop.hysmal ;.)omt sources will |r.npr|nt
direction P pulsar G a higher anisotropy on the arrival

. _,,...----‘ directions of energetic positrons than a
smooth dark matter halo.

Dipole anisotropy: § = 3,/(,‘1/411- C, is the dipole moment

Isotropic map

N N
10 20 30 40 0 10 20 30 40
Events/pixel Events/pixel

AMS Currently at 95% C.I.:

for 16 < E < 500 GeV 5e+ <0.0144
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Future AMS measurement with improved positron statistics
will allow us to distinguish dark matter and pulsar origin at

the 99.93% C.L. in 2030, and at 99.99% C.L. in 2035
0.020
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Pulsar Model: year

D. Hooper, P. Blasi & P. D. Serpico, JCAP 0901(2009)
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HERD: The High Energy cosmic-Radiation Detection
Experlment onboard Chlna Space Statl

—
——

HERD is a paceborne cosmi-c\’ray detector and gamma ray
tory to*e Installed at the CSS in 2028 and operate for a period of
10 years / L

ct search for dark matter, extend of the direct measurement of
igher energies, and gamma-ray monitoring and full sky survey



HERD: The High Energy cosmic- Radlatlowetectlon
Experlment onboard Cth&Sp £ at

Research Institutes and Universities from China, Italy, Spain and
¢ Switzerland 200 members

\ ¥
‘\‘ /
HERD Spain: 3 Institytes (IEMAT, ICCUB, and IFAE)

onceptual design, prototype validation, and science)



HERD: The High Energy cosmic-Radiation Detection
Experiment onboard China Space Station
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HERD: The High Energy cosmic-Radiation Detection
Experiment onboard China Space Station

TOP STK

Side SCD
Side PSD ““

J HERD implements a novel 3D calorimeter concept for space
| applications developed in the INFN Calocube R&D project participated
by CIEMAT since 2015

mmmmmmmmmmmmm




1 HERD CALOQO prototypes have been extensively tested at CERN PS and SPS
1 Analysis of the 1,000 LYSO crystal prototype tests at SPS provides electron,
proton and ion energy resolutlons consistent with specifications

O. Adriani et al., 2025 JINST 20 P02015

Energy reso\ut\on Data vs Simulation

5 E o [ ndf 3299/2
5 e — 5 a 0.05592 + 0.01669
e F oL ‘I(LJ +[L’] N b 0.2776 +0.1736
g W e~ \lve) “le c 0.004856 + 0.0007485
> =
g 0.009— £ Indf 3.886/2
“r:_I F a 0.06145 £ 0.002502
0008 — b 0.3021+0.07035
E c 7.911e-08 £ 0.001288
0.007—
nuosf—
F| « BTdata
0.005
E| * Simulated data
0.004
E L R T T | L L RS RN S T 1 1 PR S
50 100 150 200 250
Ebeam[GeV]
Charge (Z)
12 3 4 5 6 T 8 9 10 11 12 13 14 15
5 BT T T T T T T T T T T 1
S 028
ﬁ A
& oz6f-
Boa
Q
5 022 4
02 At
018 Lo
016 s A A
A A
014 A a4 4+ a N
A A a
012 A
04' po o b b s by Lew e by Ly Ly w
A a0b 8003000 330530003300 40004300 F000

r Energy (GeV)
i‘ﬁ'ﬁ SIS B e CISmMO D CIEMAT-FP Advisory Committee mid2023-mid2025 S March 11t%-12t, 2026



https://doi.org/10.1088/1748-0221/20/02/P02015
https://doi.org/10.3390/instruments8010005

HERD: The High Energy cosmic-Radiation Detection

Experiment onboard China Space Station

0 No European contribution to HERD flight hardware
O Spanish groups involved in the assessment of HERD scientific capabilities and in the

future scientific exploitation
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BeER: Beam-monitor with Extreme Range

BeER is a multi-purpose, high-resolution, high dynamic-range charge
detector proposed as a technological spin-off of the hardware contributions
initially developed for Calocube and later for HERD CALO PD

E2¢ Eos %mB § o=
c $ > >~ [l
Beam ] o 20 8 & 26 al 25
P ) - 53 = A
Ehg §68 268 14
fa a
Charge detector

= Geometrical configuration:
6 layers, 3x3 PDs (9.2x9.2 mm?)

= Read-out electronics
developed by CIEMAT and INFN

= Charge resolution
AZ[Z better than 0.3 up to Z~80

. Ciemat
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Upstream Charge Identification Downstream Charge Identification

——— Entries 945251
: v Local maxima Underflow 0.000
10 .’ v Gausmean | Overflow
0| P — =

10* '

2 4 6 8101214161820 2 46 81012141618 20

mean [Z] Upstream QUpstream

1 BeER can be used as a self working detector for heavy ion observation or
added to general purpose CR experiment

[ BeER also provides the opportunity for precise measurements of nuclei cross-
section needed to improve the understanding of CR propagation in the Galaxy




Next generation Magnetic Spectrometers in Space

ALADINO and AMS-100 to be installed in L2, share the heritage of
AMS and HERD to provide 10-100 increased sensitivity

W, AMS-100
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Precise ToOF measurements for

future Maanetic Spectrometers in Space

J
3

3

103 Z = — 1 Particles in Cosmlc R:ns
o~ T T n | —T
S r mwz e e
¢ 10r e 1
0 14 *toey, E
210 !r_ BESS § v AVS02 ____.:
- Ol 20;. W = B O 3
'Il 10° M TR BESS (95% CL) D J
E r T S0 c
= 10 -5 F. “AMS-02 .\\n\lll\lf._\u D g o 3 T T T LRGSR AR z;Hz_E
5 v b Dk Matter l) \\l\ 00 PED > rans - f- Threshold = 5.0 mv E
= 3 @ E- =
iL 107 e e 2 OF mean=z-51 ps n=-5.2ps E
P r /_/’ B e T R, . e £ 3s5F =
0 AMS-100 PF Sensitivity D W 30f RMS=839ps G=83.8ps 3
10_" r .Korsmeler, £ Donat, N. Fornengo, Phys. Rev. D 97, 103011 25 E— —E
(RS S A v i | N PR o i O L | R 3 3
20 3
0.2 0.3 1 2 34567 10 20 ik 5
in (G¢ E 3
Ean (& oF ;
_EJ 232 1 L T | L 1
2000—800 -600 -400—200 0 200 400 600 800 1000
Tchn:l'Tchnu (corr) [ps]

Precise ToF system for isotope identification in a wide energy range
Development of a ToF based on SiPM with better time resolution than
current state-of-the-art ground based detectors (PANDA MEG II)
First results already provide a 20%
improvement (~42 ps)
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Precise ToF measurements for
future Magnetic Spectrometers in Space

U Development of atest ASIC with 6 input channels implementing different configurations to study and
optimize the time resolution (under test)
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U Evaluation of the optimal read-out circuit architecture expected in 2025.

U A second version of the ASIC, designed on an optimized technology, to be sent to the foundry in 2026.
U Conversations with FBK to procure SiPM arrays for evaluation

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

0 AwmS:
O RICH Operation & Control Coordinator (FG — 2011-)
O RICH Offline Software Coordinator (CD — 2011-)
O Spanish National Coordinator (JC — 2020-)
O Anisotropy Analysis Working Group Convener (MAV — 2024-)
O Finance Board Representative (CM — 2020-)

U HERD:
Q Trigger Working Group co-Coordinator (JC — 2020-)
O Institute Leader Board Member (JC — 2020-)
O Science Committee Member (JC — 2025-)
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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:
U Recognized expertise in cosmic ray direct detection, including hardware development, operation, software, and science
U Participates in world-leading projects and future proposals

CIEMAT-FP Challenges:
U Current difficulties in hiring new technical personnel & young postdocs may limit our visibility in new projects

U Space is a harsh environment... Geopolitics matters even more than in other areas
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AMS provides precise spectroscopy of charged cosmic rays
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Primary elements (He, C, ..., Fe) are produced during
the lifetime of stars.
They are accelerated by the explosion of stars
(supernovae).

Primary cosmic rays have at least two classes.
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Secondary cosmic rays also have two classes of rigidity dependence
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A third group of cosmic rays N-Na-Al
partially primary, partially secondary
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Unique Observation from AMS:

Positron and Antiproton have nearly identical energy dependence
The positron-to-antiproton flux ratio is independent of energy.
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By 2030, AMS will greatly improve the accuracy of the antiproton spectra.
The identical behaviour of positrons and antiprotons

excludes the pulsar origin of positrons.
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Latest AMS Results on Heavy Antimatter

Matter is defined by ‘its mass M and charge Z. ' :
Antimatter has the same mass M but opposite charge —Z. :

D, He, C, O ...

Antimatter Star
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Current Matter and Antimatter Statistics

10 T T T T T T T T T T T T T T T r T T T

- Proton
10" 5 8B Heli
elium
| s Matter
107 Electron \ I'I 0
66M
10° Be
' | 4 5M 12'“ :I.:I.M
10° k |
| |

’ | | .
10 |I | \ /\
10 ..'r ' l. ' I ' ( " .\! W |I. -, ' J’ 1

1  Charge 1 2 4
10° PP 7 T T T T T ' T T
4+ Paositron }
. c 45M Anti-proton
Y 10 1.3M
| 4 &

10t
Antimatter

| Anti-Helium

10 l anti-C anti-O

! N L | " " | " M M 1 M N N i M M M 1

+1 Charge -1 -2 -3 -4 -5 -6 -7 -8

By 2030, AMS will have additional measurement points in the study of
antimatter: anti-deuterons, anti-helium, anti-carbon, and anti-oxygen.




Anti-Deuteron Candidate from ~108 D and ~10%° p

Bending Plane

Y
Anti-deuteron Candidate
Charge =-1.02 £ 0.05
Mass =1.910.1 GeV/c?

MESESRCTUEERE 78 Deuteron
' Charge =+1
Cherenkov cone in RICH Mass  =1.88 GelV/c?



Anti-*HeliumCandidate
bending plane

-2.05 = 0.05

3.81 * 0.29 GeV/c?
3.73 GeV/c?
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