
Properties of Cosmic Positron, Electron and Anti-Proton Measured by 

the Alpha Magnetic Spectrometer

Cheng ZHANG / IHEP,CAS



T
ra

c
k
e

r

1

2

7-8

3-4

9

5-6

Transition Radiation Detector (TRD)
identify e+, e-

Silicon Tracker
measure Z, P

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

Upper TOF  measure Z, E

Magnet identify ±Z, P

Ring Imaging Cerenkov (RICH)
measure Z, E

Lower TOF  measure Z, E

Anticoincidence Counters (ACC)
reject particles from the side

AMS is a space version of a precision magnetic spectrometer
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AMS is a unique magnetic spectrometer in space

AMS is able to pick out 1 positron from 1,000,000 protons;
unambiguously separate positrons from electrons up to a trillion eV;
and accurately measure all cosmic rays to trillions of eV.
In 13 years, the detectors have performed flawlessly, collected more than 
230 billion cosmic rays.



Calibration at CERN
with different particles at different energies

AMS

27 km
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Simulation
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New 8m2 Silicon Tracker Layer

Existing Tracker L1

AMS 2011-2025 AMS 2025-2030

Acceptance increased to 300%

Latest Results: 2011-2024

Continuous data-taking

AMS on ISS

and Projections to 2030
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e±, antiprotons
from Dark Matter

Dark Matter

Dark Matter
Electrons

Interstellar 
Medium

Protons, 

e-, …

Supernovae

Elementary Particles in Cosmic Rays

e+, antiprotons,

from collisions

e± from Pulsars

New Astrophysical Sources: Pulsars, …
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Energy and momentum measurements 

Ø Nine layers in AMS tracker forms 3 m lever arm

Ø For particle with Z=1:

• Single point resolution is 10 !m
• The maximum detectable rigidity is 2 TeV

Independent momentum (by tracker) and energy (by calorimeter) 
measurements allows to distinguish e± from protons

Simulation, E = 200 – 500 GeV



Charge Identification
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• Charge identification is based on Tracker and Magnet.
• Unique Feature of AMS: Use cosmic ray to verify detector performance beyond test

beam energies.
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Proton rejection

Ø ECAL and TRD provides independent proton rejection

Ø Combined proton rejection power at 90% signal efficiency is ∼ 1 in 106

TRDECAL
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Charge sign confusion
Charge sign confusion events are identified using BDT based Charge

confusion estimator. This estimator uses information from various detectors

(tracker, TOF, ECAL) and is efficient up to with the highest measured energy.
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Precision study of the properties of antiproton flux

Contradict with traditional cosmic ray model with only secondary തp produced from collision of 
cosmic rays

തp p

AMS measurements show that p and തp have identical rigidity dependence

തp from collision of cosmic rays
G. Jóhannesson et al 2016 ApJ 824 16
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Antiproton-to-Proton flux ratio

The antiproton-to-proton flux ratio shows unexpected energy dependence

Distinctly different from antiprotons from collision of cosmic rays

2 X 10-4

p" from collision of cosmic rays
G. Jóhannesson et al 2016 ApJ 824 16
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Excess of 
Antiprotons ?
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Measurements before AMS AMS measurements
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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 ES.

The existence of the finite cutoff energy (4.8𝛔) is an unexpected observation

Collisions Pulsars or Dark MatterSolar
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Determination of the cutoff energy ES

1/ES = 0 or ES = ∞ is excluded at 4.8𝛔
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Projection to 2030
Dark Matter Model (Mass = 1.5 TeV) 
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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 
as predicted by dark matter models

Positrons from 
Cosmic Ray Collisions
Astrophysical Journal 729, 106 (2011) 

18



19



Unique Observation from AMS: 
Positron and Antiproton have nearly identical energy dependence

The positron-to-antiproton flux ratio is independent of energy. 

Antiprotons cannot come from pulsars. 

• AMS: 1.2 million Antiprotons
• AMS: 4.2 million Positrons
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• AMS-02 Antiprotons 2.5*106

• AMS-02 Positrons 9*106

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

AMS by 2030 • AMS by 2030

Fit with a constant: 2.00±0.02(stat.)±0.04(syst.) 

Energy [GeV] Energy [GeV]

21



Origins of Cosmic Electrons
The contribution from cosmic ray collisions is negligible
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AMS:  62x106 e– 

Solar Power law a Power law b

AMS Result on the electron spectrum
The spectrum fits well with two power laws (a, b) and a source term like positrons

𝜱𝒆! 𝑬 =
𝑬𝟐

.𝑬𝟐
(𝑪𝒂	.𝑬𝜸𝒂 + 𝑪𝒃.𝑬𝜸𝒃 + 𝐏𝐨𝐬𝐢𝐭𝐫𝐨𝐧	𝐒𝐨𝐮𝐫𝐜𝐞	𝐓𝐞𝐫𝐦)
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2.5𝝈 effect 



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

By 2030, the charge-symmetric nature of the high energy source 
will be established at the 4𝝈 level 

Energy [GeV] 25



By simultaneous measurement of cosmic protons, electrons, 
antiprotons, and positrons through the lifetime of the space station,

AMS will provide the definitive dataset to resolve the mystery of the 
origin of elementary particles in cosmic rays.
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Positron Anisotropy and Dark Matter

C1 is the dipole momentDipole anisotropy:

Astrophysical point sources will 
imprint a higher anisotropy on the 

arrival directions of energetic 
positrons than a smooth dark matter 

halo.

North-South
directionEast-West

direction
Forward-Backward

direction

Solar System

Pulsar
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Φ!! 𝐸 = 	 %
𝐶𝑬", 	 𝐸 ≤ 𝐸#;
𝐶𝑬" ⁄𝐸 𝐸# $" , 𝐸 > 𝐸#.

10𝞂 
excess above       

𝑬𝟎 = 𝟐𝟐. 𝟗 ± 𝟏. 𝟎	GeV

5.0𝞂
sharp drop-off at 
𝑬𝟎 = 𝟐𝟔𝟔"𝟐𝟕%𝟐𝟗 GeV     
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