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AMS 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
Charged cosmic rays have mass.

To measure cosmic ray
They are absorbed by the charge and momentum
100 km of Earth’s atmosphere requires
(10m of water). a magnetic spectrometer
The properties (+Z, P) of charged cosmic
rays cannot be studied on the ground.

in space
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Alpha Magnetic Spectrometer experiment (AMS) on the Space Station
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Cosmic Rays
in the last 100 years

1912:
Discovery of Cosmic
Rays

Victor Hess
Nobel Prize (1936)

Before AMS:
Theoretical models
agree with
experimental data
(large errors)
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Examples of AMS Results compared with earlier measurements
The precision AMS results cannot be explained by current models.
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AMS is a space version of a precision detector used in accelerators

Transition Radiation Detector (TRD) Upper TOF measure Z, E
identify e, e | g
. | ’ ?'\ 4§\\_ N AN
: ' B R
5 N N \ o | AIZ
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Magnet identify =7, P

Silicon Tracker
measure Z, P

Anticoincidence Counters (ACC)
reje pa!'tigles ro th side
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Ring Imaging Cerenkov (RICH)
measure Z, E

Electromagnetic Calorimeter (ECAL)
measure E of e*, e
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The detectors provide independent information of cosmic rays
matter antimatter
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AMS on the ISS

AMS 2011-2025 AMS 2025-2030
Continuous data taking Acceptance increased to 300%

new 8m? tracker LO

)
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x oY

X

Latest results 2011 - 2022: 220 billion cosmic rays and projections



Operation of AMS on the ISS: Continuous Calibration

By comparing proton data
and simulation from

and

i 1130 <P < 1800 GeV
103 E 0 o proton data
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Continuous Momentum Scale Verification

(Unique Advantage of a Magnetic Spectrometer)
In AMS, the largest systematic error in the determination of the fluxes

at the highest energies is due to the uncertainty in the absolute momentum scale.

A shift in the central tracker planes of 0.5 microns
is sufficient to create a momentum shift of 10% at 1 TeV

I L) L] L] L] l L) L] L] L) I L] L] L] L] I L] L] L] L] I L] L) L] L) I L] L] L) L] l
25102 * Electron data
— Electron parametrisation
u 1 0%
c
Q
o 60
40 |
20
- ! 4 IH-—- I L
E.. E., -20

By matching the momentum P and Energy E for both e* and e7,
The accuracy of the momentum is determined to be 1/(34 TeV);
i.e., at 1 TeV the uncertainty is 3%
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Precision measurements of nuclear inelastic cross sections
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“Fix target” experiment in space
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Primary elements (He, C, ..., Fe) are produced during
the lifetime of stars.
They are accelerated by the explosion of stars
(supernovae).

Primary cosmic rays have at least two classes.

* He/140
= C/A7
+ 0/5.1
Fex1.3

o Nex1.2

o Mg
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Flux x R [ m2s'sr! (GV)'7]

30

20

A third group of cosmic rays N-Na-Al
partlally prlmary, partlally secondary
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New, unexpected observation :
Traditional primary cosmic rays C, Ne, Mg, and S fluxes are not pure primary;
they all have a significant secondary component

Carbon ____

D=P(PHD(S)
®(P)= 0.84xDy; D(S)= 0.67xDy
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New Observation:

Even-Z nuclei and Odd-Z nuclei have
distinctly different primary and secondary composition
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Even-Z nuclei are dominated by primaries
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Odd-Z nuclei have more secondaries than even-Z
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Supernova

produced
at source S

during
propagation

New AMS Result:

Model-independent measurements of
the relative abundances at the source
(before cosmic ray propagation)

Abundance Value at
Ratio the Source
c/0 0.836 £ 0.025
Ne/Si 0.833 £ 0.025
Mg /Si 0.994 + 0.029
S/Si 0.167 * 0.006
N/O 0.092 + 0.002
WEYAY 0.036 £ 0.003
Al/Si 0.103 + 0.004
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Important New Result and its Implications

Before AMS, taking into account
the long-standing idea that
C is pure primary
and B is pure secondary,
the (B/C) ratio
has been used in all the theories

150 —r—rr
fluxes
Interstellar
Secondary
fluxes 345 10 20 1022x10° 10° 2x10°
Rigidity R [GV]

But C is NOT pure primary.
Question: how to use (B/()
in cosmic ray models?

19



Cosmic Ray Nuclei by 2030

AMS will provide complete and accurate spectra for the
29 elements and provide the foundation for a comprehensive theory of cosmic rays.
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Latest Results on positrons e*, electrons e, antiprotons p

'e i p, Dark Matter Cosmic Ray

xS P | / L
Dark Matter N from Dark Matter = Cosmic Ray
| e B .-: . t B

rom Colhanns_; e

Pulsars, ...

s et e from Pulsars

pal



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 E..
4
D+ (E) = [cd (E/E1)7 + C5(E/Ey)" exp(— E/Ey)|]

50|ar Collisions Pulsars or Dark Matter

25 o T o T L
*3.9x10% e™ +

1 10 100 1000
The existence of the finite cutoff energy (4.70)

is a new and unexpected observation
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Determination of the cutoff energy E;

@, (E) =

Collisions New Source or Dark Matter

[cd (B/EVY+C s(E/Ez)" exp(- E/Es)]

1/E 0 or E = oo s excluded at4.7o

Es = 749 GeV
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By 2030, AMS will extend the energy range
of the positron flux measurement from 1.4 to 2 TeV
and reduce the error by a factor of two compared to current data
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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

‘“H 25 _I | LI I 1 I 1 I rrri I 1 1 L] LI I 1 1 1 1T rri I |
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Properties of Cosmic Antiprotons

The antiproton-to-proton flux ratio shows that

above 60 GV the ratio is energy independent.

* 1.1x10° Antiprotons

p/p flux ratio

Antiprotons from collision of cosmic rays
G. Johannesson et al., ApJ 824 (2016) 16

[
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0] 100 200 300

400

500
IRigidityl [GV]
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Properties of Cosmic Antiprotons
The p and e* fluxes have identical rigidity dependence.
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p are not produced by pulsars.



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.
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AMS Result on the electron spectrum

The spectrum fits well with two power laws (a, b) and_

EZ .
@D,-(E) = ﬁ(ca EYa + CpEY? + Positron Source Term)

Solar Powerlawa Powerlawb

250

o« 57x106 e

1 10 100 1000
Energy [GeV]
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