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Measurement of Cosmic Antiprotons 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 million

e TRD & ECAL.:
reject electron backgrounds

e Tracker & TOF:
separate proton backgrounds

e RICH and tracker:
identify antiprotons by mass
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Antiproton ldentification

Using Tracker, TOF, RICH and TRD to separate
antiproton signals from backgrounds
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New Results on Cosmic Antiprotons

Does not agree with traditional cosmic ray model with only secondary p produced

P from collision of cosmic rays :
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Model Examples: Antiprotons from Cosmic-Ray Collisions

Theoretical uncertainties in Cosmic-Ray Collision Models:

e Cosmic ray acceleration and propagation

e Particle transportation in the heliosphere

* Antiproton production cross-section
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Model Example: Antiprotons from Cosmic-Ray Collisions and Dark Matter
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Time Variation of Antiprotons

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.
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Time Dependent Antiproton Fluxes

Refer to PRL 134, 051002 (2025)
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Elementary Particles Fluxes Time Dependence

Antiproton flux is distinct to other particles
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Elementary Particles Fluxes Time Dependence
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Correlations of Elementary Particle Fluxes
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Linear Relation of Antiprotons and Electrons

N B e
(@) [1.00-1.92] GV

| x?/d.f. = 103.91/138

0.6

0.4

S m T RATE e
[(b) [1.92-2.97] GV a
 x3/d.f. = 111.65/138 H
[k =1.76 +0.11

1 o2f

-1 0

1 -02

{4 -04 +

1 -06[ Ve' -
] 1 il ] 1 N PR I | P (RO LY ] 1]
-1 -05 0 0.5 1 -06 -04 -02 O 02 04 0.6

(d) [4.02-4.88] GV
¥2/d.f. = 127.69/138
k=1.47 = 0.07

"~ -04-03-02-01 0 01 02 03 04

2025-8-27

CT T T T T T T[T T T T[T T I T TTTT IR BN LR

T T T T
(e) [4.88-5.90] GV
F x3/d.f. = 126.33/138
Fk =1.49 = 0.08

0.1 ‘
of .
o -
-0.2 -é
-0.3 Vv -

N PR N FETTE FETTE R P PR,

-03 -02 -01 O 01 02 03

S e
o.sl;(c) [2.97-4.02] GV

[ x2/d.f. = 147.18/138
04K =1.71 + 0.13

l|IT|IIIIIlTl

TAUP 2025

i 1 1 1 1 I 1 I 1 I i
2" k(e",B) N
18- -
15} :
14} * + N
1.2 ++ +
n PY ®
(6 o ¢ ° k(e*,p) + +
1 o e e o i s, gy . s e e, e
: 1 1 1 1 1 1 1 1 I :
1 2 3 4 5 678910 15

idity [GV]

14



2025-8-27

Flux [m2sr-1s-1GV-1]

Variation Magnltudes and Flux Spectr

p

1 2 3 456789
Rigidity [GV]

Spectral Index y

Variation Magnitude M

2= R
= { _ Y= d[log( )]/d[log( )] 3
1= ° P =
I: v, E
& L) -
AL s WY 8 g P e ¢ -
— e b e $ o . * ¢ _
_2‘_'_ e’ e : 2 : . og ® o 4 " 4 3_-_-
—35— ° o VeSS ® e - ; ; _;é
35F- X ) =
— Pe e " . B -
aF- %) Varition Magnitude = ®,,/®P iy 3
2.5F- o =
of- s =
1.5 P :g\; =
- . et
11 2 K] 4 5 6 7 8 9 10

TAUP 2025

Rigidity [GV]

15



Variation Magnitudes and Spectrum Indexes
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Summary

e Cosmic antiproton fluxes and time variation have been measured using the first
11 years AMS data

e Temporal variations of all four cosmic-ray elementary charged particles p, e-,
e*, and p are studied simultaneously over an 11-year solar cycle

e A hysteresis between p fluxes and p fluxes is observed. In contrast, p and e-
fluxes show a linear correlation but p fluxes change significantly less than e-
fluxes.

e Remarkably, a clear correlation between the magnitude of flux temporal
variation over an 11-year solar cycle and the shape of their rigidity spectra,

universally for both positively charged and negatively charged particles are
found.

e By continuously operating to 2030, AMS measurement will cover two 11-year

solar cycles and provide unique contribution to the understanding of solar
modulation.
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