


AMS is a space version of a precision detector used in accelerators
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Latest Phy5|cs Results from AMS Study of P05|trons & Electrons
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Measurements of positrons and electrons before AMS
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Latest Physics Results from AMS: Study of Positrons & Electrons
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Towards understanding the origin of cosmic ray positrons
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CEY, E < Ey;
Fits of the datato _+(F) = CEY(E/Ey)"r E>E
o) " 0

25

N
o

—r

(=)
_.IlllIIIIIIIIIIIIIIIIIIII
IIIIIIII

-
a1

e

‘d [GeVPm2srisT]

E
3

7.80
excess above 07

Ey=24.2+1.1GeV

Energ';y [GeV]
il LR
10 100

g 4.80
000 sharp drop-off at

— 16 —30
» - ) L .-
® C o |
o 15 N o i A'Y=0.59
£ C £
L C o 20
o 14r % i
S S
e 13 | e | B
w et e YORRTIT .y G 10T I
12 AY=0.143
Energy [GeV] Energy [GeV] .
11 1 1 ! " " PR |

1 1 1 0 i 1 PR 1 i -
10 50 100 1000



e+

0 [GeV° m?2srs’]

25

20

15

10

The Origin of Positrons

Low energy positrons mostly come from cosmic ray collisions

e AMS 3.4 million positrons

Astrophysical Journal 729, 106 (2011)
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The positron flux is the sum of low-energy part from cosmic ray collisions plus
a high-energy part from a new source or dark matter both with a cutoff energy E;.
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The finite cutoff energy E; is established at 4.5¢ C.L.

E2 Collisions  New Source)(,)r Dark Matter
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At high energies positrons come from

dark matter or new astrophysical sources with a cutoff energy E..

EZ Vs
s (B) = = [ €5 (B/E,)" exp(~E/ E)]

e AMS positron
source term

The cutoff energy E, = 887333 GeV
is established with a confidence of
more than 99.99%.
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Positrons and a Dark Matter Model
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Positrons and Dark Matter Model by 2030

AMS will provide the definitive answer on the nature of the excess
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A sample of recent theoretical models explaining AMS

positron and electron data (overall >3000 citations)
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AMS Publications on electrons and positrons

1) M. Aguilar et. al., Phys. Rev. Lett. 110 (2013) 141102.
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10-year Retrospective of Editors’ Suggestions
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Examples of DM models discussed in the literature

DM annihilation DM decays
Z.L. Han, R. Ding, S.J. Lin, and B. Zhu, F. Queiroz and C. Siqueira,
Eur. Phys. J. C79 (2019) 12, 1007 Phys. Rev. D 101 (2020) 7, 075007

NN —=>272"72" = e*+X X = N=>e+X
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DM+bkg, My =2 TeV

DM+bkg, My =1.5 TeV Total Flux (My =80 GeV)
DM+bkg, My =1 TeV MDM5=25OOGGV
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Positrons from Pulsars

1. Pulsars produce and accelerate positrons to high energies.

2. Pulsars do not produce antiprotons.

ight rays
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Magnetic field lines
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Latest Physics Results from AMS: Study of Antiprotons
Antiprotons show a similar trend to positrons.
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The positron-to-antiproton flux ratio is
constant independent of energy.
Antiprotons cannot come from pulsars.

 AMS 3.4 million positrons and 0.8 million antiprotons

Fit with a constant: 1.9910.03(stat.)®=0.05(syst.)

\

P. Mertsch, A. Vittino, S. Sarkar, PRD 104 (2021) 103029
“Explaining cosmic ray antimatter with secondaries from old supernova remnants”
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e*/p flux ratio

o
&) o

N
o

1.5

0.5

The positron-to-antiproton flux ratio is
constant independent of energy.
Antiprotons cannot come from pulsars.

 AMS projection to 2030 with the upgrade
Fit: 2.00+=0.02(stat.)==0.04(syst.)

P. Mertsch, A. Vittino, S. Sarkar, PRD 104 (2021) 103029
“Explaining cosmic ray antimatter with secondaries from old supernova remnants” ]
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Origins of Cosmic Electrons

The contribution from cosmic ray collisions is negligible

b

¢ e AMS 50 million electrons

Electrons from cosmic ray collisions
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Origins of Cosmic

Electrons _. 200
3’ 150
=
E
S 100
&

at ~50 GeV ' so
0

Fit to data

CEY,
CI)e‘ (E) —

A significant
excess at
Ey=49.5+5.6 GeV

250 TTIIT

Ay= 0.080=%=0.014
60 effect

IIIII'_I_.I_I-IZIIIIIIIIIIIIIII

Energy [GeY]

E < Ey;
CEY(E/Ey))",E > E,.

10 100 100C

E3q>e- [GeVZ m2srisT]

9.5 GeV

Energy [GeV]
1 1 PR S S R A |

20 100 1000



The electron flux description by two power law functions is disfavored:

@, (E) = S(E)[Ca(E/Ea)y“ + cb(E/E,,)y”]
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Electron spectrum favors the contribution of
the positron-like source term

D, (E) = S(E)|Co(E/Ea)™ + Co(E/Ep)"" + f,CS “(B/E,)"* exp(~ E/E b
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Physics of cosmic electrons to 2030

Establish the existence of the positron-like source term at highest energies at 4o CL
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Positron Anisotropy and Dark Matter

North-South . . .
direction Astrophysical point sources will

Forward-Backward imprint a higher anisotropy on
direction the arrival directions of energetic
positrons than a smooth dark
matter halo.

East-West -
direction = Ppulsar

Events/pixel Events/pixel

Currently at 95% C.L.: positrons: 6 < 0.0150
for 16<E<500 GeV electrons: o < 0.0034 2



Dipole amplitude §

Analysis of Anisotropies

Current Analysis
\ — |

Increase acceptance for
positrons and electrons

R

Future Analysis

See talk of =
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Pulsar Model : D. Hooper, P. Blasi & P. D. Serpico, JCAP 0901(2009)
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Conclusions

Sharp drop-off of the positron spectrum above 2681“%% GeVis
established with 4.8 sigma significance;

Positron spectrum requires an additional source of high energy
positrons (e.g. DM models):

can’t be explained by the ordinary CR collisions
has an exponential cutoff with E.=887 GeV,

measurement to 2030 will enable us to determine the origin
of the behavior of positrons at high energies
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Conclusions

Comparison of the antiproton and positron spectra shows
strikingly similar behavior of the two spectra above 60 GeV.
This points to the common source of high energy antiprotons
and positrons and disfavors pulsars as the origin of high energy
positrons.

AMS projections to 2030
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Conclusions

4. Electron spectrum shows complex behavior that can be best
described by the sum of two power law functions and the
contribution of the positron-like source term.

5. Significance of this observation is 20 at present. With More
data is needed to establish the existence of charge-symmetric

positron-like source term at highest electron energies.
250

* AMS electrons
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There is no other magnetic spectrometer in space
in the foreseeable future.

By collecting data through the lifetime of ISS
AMS should be able to determine the
origin of the observed unexpected phenomena.
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