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Evidence for Dark Matter









Dark Matter Indirect Detection

Dark matter particles (+ dark matter particles) Ҧ charged cosmic rays, ɹ  rays, neutrinos 
The annihilation or decay processes of dark matter particles provide additional 
contributions to these particles
Related experiments: PAMELA, ATIC, Fermi, IceCube, AMS-02, DAMPE, ΧΧ
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To measure cosmic ray 
charge and momentum 

requires
a magnetic spectrometer in space.

Charged cosmic rays are absorbed by the 
100 km of 9ŀǊǘƘΩǎ atmosphere.

Their properties ( Z, P) 
cannot be studied on the ground.

AMS is a unique, precision magnetic spectrometer on the Space Station

Physics of Dark Matter, Antimatter, the Origin of the Cosmos, and new phenomena 
through the precision, long-duration measurement of charged cosmic rays
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1,000 particles  per  second 

for  every  square  meter

at the top  of  the atmosphere.
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A brief recap of cosmic rays





Primarycosmicrayparticlesaremainlyproducedduringthe lifetime

of stars and accelerated by supernova shockwaves in the Milky Way.

Primary cosmic ray particles include: electrons, protons (p), helium 
(He), carbon (C), oxygen (O), neon (Ne), magnesium (Mg), silicon 
(Si), ..., iron (Fe), and other atomic nuclei.

The energy spectrum of primary cosmic rays, as 
measured, contains information about their 
source, acceleration process, and propagation.



Secondary cosmic ray particles are produced by the collisions between primary cosmic ray 

particles and the interstellar medium (ISM).

Secondary cosmic ray particles include: positrons, antiprotons, and nuclei such Lithium (Li), 

Beryll ium (Be), Boron (B), and Fluorine (F) .

Secondary cosmic ray particles flux, as well as the "secondary-to-primary flux ratio" (e.g., 

B/C), is crucial for understanding the galactic propagation, reacceleration é of cosmic rays.



Victor Hess 
Nobel Prize (1936)

Before AMS: 
Many theoretical 
models agree with 
experimental data

Cosmic Rays
in the last 100 years

1912:
Discovery of Cosmic 

Rays



Examples of AMS Results compared with earlier measurements
The precision of all AMS results cannot be explained by current models.
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Transition Radiation Detector (TRD)
identify e+, e-

Silicon Tracker
measure Z, P

Upper TOF measure Z, E

Magnet identify Z, P

Ring Imaging Cherenkov (RICH)
measure Z, E

Electromagnetic Calorimeter (ECAL) 
measure E of e+, e-

Lower TOF measure Z, E

Anticoincidence Counters (ACC)
reject particles from the side

AMS is a space version of a precision magnetic spectrometer used at accelerators

10,880
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Charge  measurement  using  multiple  AMS  subdetectors  in  combination

Separation between H and He 
is better than 1 in 109

Separation between Fe and Co 
is better than 1 in 102



AMSôs most important scientific goal



AMS Payload  Operations  Control  Center  at CERN

Detector 
Operations

Fully  staffed  24 hours  per  day, 365 days  per  year



Faculty and students from Sun Yat-sen University participating in AMS shifts



Tracker Thermal Control System (TTCS) design by SYSU :
Å Small radiator size (Ø 2.6 m, 9 m)

Å High temperature uniformity and stability (Ḻ 1 K per 10 m 
over 90 min)

Å Operating temperature range: ҍмр C to +15 C



AMSïTTCS has been operating reliably and stably 

in orbit for more than three and a half 

years.



Interpreting the AMS-02 positron energy spectrum using pulsars

Single pulsar 3 pulsars

Jie Feng, Hong-Hao Zhang



Interpreting the AMS-02 positron and antiproton energy spectra using dark matter

Jie Feng, Hong-Hao Zhang (2018)



[PRD 111, 083050 (2025)]

The polar field and the proton 

fluxes vary in the same trend if a 

delay of 360 days is applied to the 

magnetic field.



AMS 2011-2026

Latest Results: 2011-2022

Continuous data-taking




