
Antiprotons and Elementary 
Particles over a Solar Cycle:

 Results from AMS
Sen-Quan Lu

      Inst i tute  of  High Energy  Physics ,  CAS,  Bei j ing

on behal f  of  the  AMS col laborat ion

TAUP 2025, Xichang



antiprotons, e+  
from Dark Matter

Dark Matter

Dark Matter

protons, e-

Interstellar 
Medium

protons, 
e-, …

Supernovae

Antiprotons in Cosmic Rays

antiprotons, e+ 
from collisions

2025-8-27 TAUP  2025 2



Measurement  o f  Cosmic  Ant iprotons  in  AMS

The Antiproton flux is ~10-4 of the proton flux.

A percent level precision measurement requires 
background rejection close to 1 in a mill ion

● TRD & ECAL:
   reject electron backgrounds

● Tracker & TOF:
   separate proton backgrounds

● RICH and tracker:
   identify antiprotons by mass
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Ant iproton Ident i f i ca t ion
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Using Tracker, TOF, R ICH and TRD to separate 
antiproton signals from backgrounds
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Time Variat ion of  Antiprotons

2025-8-27 TAUP  2025 8

AMS is the only experiment which can measure precisely and continuously 

the time dependence of cosmic ray antiprotons.

Measurement of time dependence of antiprotons is important：

 To understand the background to search for new physics (e.g. dark 
matter) from the antiproton measurements.

 To study the solar modulation.

Together with AMS measured p,e+,e- fluxes, solar modulation can be 
studied with all four elementary charged particles in cosmic rays from 
the very same experiment.



Low Energy Antiproton Flux
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Refer to PRL 134, 051002 (2025)
AMS 2011~2022



Time Dependent Antiproton Fluxes
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moving average of 13BR
in interval of 1BR

Refer to PRL 134, 051002 (2025)



Elementary Part ic les  F luxes Time Dependence
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Refer to Z. Sun’s presentation for more details

Antiproton flux is distinct to other particles

Refer to PRL 134, 051002 (2025)

1~1.92GV



Elementary Part ic les  F luxes Time Dependence
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Correlat ions of  E lementary Part ic le F luxes
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Linear Relat ion of  Antiprotons and Electrons
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Variation Magnitudes and Flux Spectra

2025-8-27 15

Fl
ux

 [m
-2

sr
-1

s-
1 G

V
-1

]

TAUP  2025

Varition Magnitude = Φmax/Φmin



Variation Magnitudes and Spectrum Indexes
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• Clear relationship between γ and M for both 
positive and negative particles in each rigidity bin

• The ratio approaches zero at high rigidity
• Most importantly the ratios for positive and 

negative particles are consistent
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Summary
● Cosmic antiproton fluxes and time variation have been measured using the first 

11 years AMS data 

● Temporal variations of al l  four cosmic-ray elementary charged particles  p, e−, 
e+, and p are studied simultaneously over an 11-year solar cycle

● A hysteresis between p  f luxes and p f luxes is observed. In contrast,  p  and e− 
f luxes show a l inear correlat ion but p  f luxes change signi f icant ly less than e− 
fluxes.

● Remarkab l y ,  a  c l ea r  co r re l a t i on  be tween  t he  magn i t ude  o f  f l ux  t empo ra l 
var iat ion over an 11-year solar  cycle and the shape of  thei r  r ig id i ty  spectra,   
universal ly  for  both posi t ive ly  charged and negat ively  charged par t ic les are 
found.

● By cont inuously operat ing to 2030, AMS measurement wi l l  cover two 11-year 
so lar  cyc les  and prov ide un ique cont r ibu t ion  to  the  unders tand ing o f  so lar 
modulation.
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