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To measure cosmic ray
charge and momentum

requires 
a magnetic spectrometer 

in space  

Charged cosmic rays have mass. 
They are absorbed by the

100 km of Earth’s atmosphere 
The properties (±Z, P) of charged 

cosmic rays cannot be studied on the 
ground.

AMS on the Space Sta#on: 
Provides precision, long-duraIon measurements of charged cosmic rays to study

the Origin of the Cosmos, the physics of Dark MaMer and AnImaMer 
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AMS Launch May 2011
Space Shuttle Endeavour
Mission STS-134
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AMS installed on the ISS
Near Earth Orbit: 

al6tude 400 Km
inclina6on 52°
period 92 min

To-date >250 billion cosmic rays have been
measured by AMS: e+, e-, p, p̅, nuclei, γ,…

400 billion events expected to 2030 
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5m x 4m x 3m
7.5 tons

300,000 signals 4

AMS is a NASA-DOE sponsored international collaboration
It was constructed in Europe and Asia, 

assembled and tested at CERN and ESA with NASA support  
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Endeavour approaching the Space Sta#on, May 18, 2011 5Ba
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Transition Radiation Detector
Identifies e+, e-

Magnet
±Z

Electromagne4c Calorimeter
Energy of e+, e-

Silicon Tracker
Z, Rigidity=p/Ze

Ring Imaging Cherenkov
Z, β

Isotopic composi;on

Time Of Flight
Z, β

MDR ≈ 3 TV 

AMS-02:  A TeV precision magnetic spectrometer in space 
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Elementary Par#cles in Cosmic Rays

e±, an.protons, …

Dark MaMer

Dark Ma5er
Electrons

Interstellar 
Medium

Protons, 
Helium, e-…

Supernovae

e+, an.protons, …

e± from Pulsars

New Astrophysical Sources: Pulsars, …
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For positron and 
electron results, see 

D. Krasnopevtsev’s talk 



Annihilation in space

Produc6on in accelerators
LHC CERN

XENON
DARKSIDE
DAMA/LIBRA
LUX
CDMS II
PandaX
…

AMS

Search for Dark MaMer 𝜒 through Cosmic Rays

𝜒 + 𝜒 → e+, p, D, 𝛾, …

… +𝜒 + 𝜒 ← p +p

𝜒

𝜒

p, p, e-, e+, 𝛾

p, p, e-, e+, 𝛾
𝜒

+ 
𝑁
→
𝜒

+ 
𝑁
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Antiproton Measurements with AMS

The An6proton Flux is ~10-4 of the Proton Flux. 

A percent precision experiment requires 
background rejec6on close to 1 in a million 

- Tracker & Magnet: measure rigidity, 

separate an6protons from protons

- TRD & ECAL: reject electron background

- TOF & RICH: select down going par6cle and  

measure velocity

R = −363 GV antiproton
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New Results on Cosmic Antiprotons
Does not agree with tradiIonal cosmic ray model with only secondary (p produced 

from collision of cosmic rays

• AMS An6proton

• AMS Proton

p

!p from collision of cosmic rays
G. Jóhannesson et al 2016 ApJ 824 16
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|Rigidity| [GV]
60

Precision study of the Proper#es of Cosmic An#proton Flux

p/
p 

flu
x 

ra
#o

AMS, 1.2x106 an.protons
PAMELA, ~1500 an.protons
BESS-Polar II, ~8000 
an.protons
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• 1.2x106 Antiprotons

Model Example: An#protons from Cosmic Ray Collisions
p/

p 
flu

x 
ra

#o
The anIproton-to-proton flux raIo shows that above 60 GV the raIo is energy independent.

Not consistent with only secondary producIon of anIprotons

|Rigidity| [GV]

!p from collision of cosmic rays. G. Jóhannesson et al 2016 ApJ 824 16
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Model Examples: An6protons from Cosmic-Ray Collisions 

• AMS

Theore;cal uncertain;es in Cosmic-Ray Collision Models:

• Cosmic ray accelera;on and propaga;on

• Par;cle transporta;on in the heliosphere

• An;proton produc;on cross-sec;on

Theore*cal 
uncertain*es:

ApJ,963:111 (2024)JCAP 11(2021) 018

• AMS

Antiprotons from CR collisions An4protons from CR collisions 

An4protons from CR collisions 
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• AMS

No models agree with AMS data

Phys.Rev. D 99 103026 (2019)
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Model Example: An6protons from Cosmic-Ray Collisions and Dark MaTer

An;protons from CR collisions + DM

• AMS

Phys. Rev. Lett., 129 (2022), 231101

Dark Matter (40– 80 GeV)

Cosmic-ray Collision
Cosmic-ray Collision + DMDark MaQer

Cosmic-ray Collision

The accuracy of the models need to be improved with AMS Data
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p

e+

Energy [GeV]

e+ p

p

e+

60

The p and e+ fluxes have identical rigidity dependence.  
Antiprotons and Positrons

• 1.2M p
• 4.2M e+
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See D. Krasnopevtsev for
updated positron data



Unique Observa.on from AMS:
The antiproton and positron fluxes have identical rigidity dependence  

• Antiprotons
• Positrons

Positron-to-Antiproton Flux Ratio

The idenIcal behavior of positrons and anIprotons points toward a common source 
which disfavours the pulsar origin of positronsAn
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Model Example: Positron and An.proton spectra from Supernova Remnants

p

e+

model prediction 
for e+

model prediction 
for p

model
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Model Example: P. Mertsch, A. 
ViXno, S. Sarkar,  PRD 104 (2021) 
103029

“Explaining cosmic ray anImaMer 
with secondaries from old 
supernova remnants”

Model describes both 
positron and an6proton
produc6on from supernova 
remnants
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e+

p

Future Measurement of Antiprotons and Positrons

e +model

• AMS Projec.on p
• AMS Projec.on e+

p Model

model

In Progress
2030 and beyond
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Model Example: P. Mertsch, A. Vittino, S. Sarkar,  PRD 104 (2021) 103029
“Explaining cosmic ray antimatter with secondaries from old supernova remnants”
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By simultaneous measurement of cosmic protons, electrons, positrons, 
and antiprotons through the lifetime of the space station,

AMS provides the definitive dataset to resolve the mystery of the origin 
of antimatter in cosmic rays.
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Scientific American, May 2011

In the past hundred years, measurements of charged cosmic rays by balloons 
and satellites have typically had ~(30-50)% accuracy.

AMS is providing cosmic ray informa.on with ~1% accuracy. 
The improvement in accuracy and energy range is providing new insights.

AMS results contradict current cosmic ray theories and require the development of a new understanding of the universe.
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