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The (local) Cosmic Ray spectrum
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Cosmic Ray anisotropy: (0 =

measures available
only above ~500
GeV -> magnetic
field of the solar
system has no
effect

Cosmic Ray isotropy

amplitude [%a]
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(I -> CR intensity)

i CRs are very

isotropic in the

sky

the anisotropy
increases with
particle energy

figure from
Tyono et al, 2005



Abundance relative to Carbon = 100

Cosmic Ray composition

Nuclear abundance: cosmic rays compared to solar system
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What we have to explain about CRs:

[J Energy density

[J Energy spectrum

[J Chemical composition
[J Isotropy

[J Stability in time

[J Spatial homogeneity (?)



Galactic or extra-galactic?

Which CRs are confined in the Galaxy?

It depends on the
values of the magnetic
field and thickness of
the halo (both poorly

constrained...)

30 kpc

Confinement condition:

g piey ~ A< @ e () () v @D
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halo size 1-10 0.1-10

(cm) Larmor radius



solr galactic extragalactic
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A remarkable coincidence

l Total CR power in the Galaxy -> ' Por = 3 x10% erg/s

A SuperNova is the explosion of a massive star that release
in form of kinetic energy. In the Gala rved supernova rafe is
of the order of1/30 - 1/100 yr,

l Total SN power in the Galaxy -> l Psy = 3 x 10* erg/s

SuperNovae alone could maintain the CR population provided that about
10% of their kinetic energy is somehow converted into CRs




TeV emission from SNRs:
a test for CR origin

—1
Detectability condition for HESS | Wer > 5 x 10%7 <4Zi’;8_3> ditpe €18

above ~ 10 TeV

Assumptions. ..
above ~ 10 TeV

\

10% efficiency -> 10°° erqg in CRs
Wep ~ 3 x 10% erg

E-2! spectrum

up to the knee (5 x 10 eV)

If SuperNova Remnants indeed are the sources of galactic Cosmic

Rays they MUST be visible in TeV gamma rays
(Drury, Aharonian, and Voelk, 1994)




TeV emission from SNRs:
a test for CR origin

* RXJ1713 as seen by HESS

=

= = = =

., |> | Test passed! l

This is still not a conclusive proof -> hadronic or leptonic emission?



SNRs in gamma rays
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Shock waves

Supersonic motion + medium -> Shock Wave

Y,

(SuperNova ejecta) (InterStellar Medium)

velocity of SN ejecta up to ve; & 30000 km/s
[ kT T \'?
d di IS ¢ = — =
sound speed in the ISM c L 10 (1O4K) km /s
4 )
(V)
Mach number M= — >>1 strong shocks
Cs
\_ W,




Acceleration by change of referential : shock front referential

Shocked medium Interstellar medium

the main idea is : the probability of frontal hit is higher
than the oppaosite — proportional to relative speed

The cosmic ray puzzle, 100 years after - Moriond 2013 - F. Feinstein, LUPM, Montpellier
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Diffusive Shock Acceleration

Symmetry
U1 — U9 (6] (o) Uy — u2
——— 1
Up-stream Down-stream

Every time the particle crosses the shock (up -> down or down -> up), it undergoes an
head-on collision with a plasma moving with velocity ui-uz

Asymmetry
/ © o \

\ /

(Infinite and plane shock:) Upstream particles always return the shock, while
downstream particles may be advected and never come back to the shock

.
.
.
.
e
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Diffusive Shock Acceleration

What happens after n cycles?

Eign—Fy _ AFE _ 4 (v)
@ E 3 \c¢
/ 4 v
particle energy Fiy1 = <1 + ——> E;
at i-th cycle 3¢
/ Energy increases by a
Eit1 =0 E; (small) factor beta after
each cycle
Particles can escape RN
downstream! / A
UP DOWN



Diffusive Shock Acceleration

What happens after n cycles?

P -> probability that the particle remains within the accelerator after each cycle

after k cycles:

there are N = Ny P" particles with energy above F) = F &
0 P Y 0

[ [

N E
log (Fo) = k log P log (E_()) = k logp

= N(> F) =

log(IN/Np) log P E \ Ts@
log(E/Eo)  logf Mo ( )




Diffusive Shock Acceleration
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log P
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Diffusive Shock Acceleration

Assumptions made:

strong shock A SNR shocks
isotropy both up and down-stream M turbulent B field

test-particle (CR pressure negligible) [} efficient CR acceleration

-> UNIVERSAL SPECTRUM n(E) E—?

It doesn't depend on: shock velocity/Mach number
gas density/pressure

magnetic field intensity and/or structure

diffusion coefficient ...



Can SNRs accelerate CRs
up to the knee?

very uncertain

X tgge

|:> E @; B VFE ? tSedov @
e 100 uG ) \ 10% em/s 200 yr



—0

age

E o ot

d is basically unknown

Eraz a / particles with E>Emax
(accelerated at t<tqge)

escape the SNR

e

X tage 200 yr tage

l no particle escape '




This is a supernova remnant

PeV particles are accelerated at
the beginning of Sedov phase
(~200yrs), when the shock speed is
high!

they quickly escape as the shock
slows down

Highest energy particles are
released first, and particles with
lower and lower energy are
progressively released later

a SNR is a PeVatron for a very
short time

still no evidence for the
existence of escaping CRs



Summarizing:

SNRs are good candidate sources for CRs because:

they can provide the right amount of energy in form of CRs (if
~10% efficiency)

they inject CRs in the ISM with (roughly) the spectrum needed
to explain CR observations (~ E-2:1--:2:4)

they can accelerate CRs (at least) up to the energy of the CR
knee (~5 x 10'° eV)



ry species

present in sources
- element distribution

0 2 ;
= 1 following stellar

= |

g 1 nucleosynthesis

3 )

< 1; ~ accelerated in supernova
= 1 shockwaves

[T

o

@ Secondary species

o 5 0 15 2 2 2 < much larger relative
Atomic Number (Z) abundance than in stellar
Fig. from D. Maurin enVironmentS

¢ produced by interaction of
primary cosmic rays with
interstellar medium

UH
Torsten Bringmann, University of Hamburg Indirect detection of dark matter - 85



Cosmic ray propagation

about Galactic magnetic field distribution
2 Magnetic fields CRs in galaxy for E < 10° TeV

Random distribution of field inhomogeneities
~~ propagation well described by diffusion equation

1)

(

©

O 9 5 0
8_ I (Dv_vc)¢+a_ w_ a_Ka_QpZQSource
b 4 A p P4 OD
often set to 0
(stationary config.) ;
ources
Diffusion coefficient, diffus:ve (primary &
often D x B(E/q)° e ion reacceleration = sany)
K x v2p*/D
i1 Torsten Bringmann, University of Hamburg

Indirect detection of dark matter - 83



CHARGED (GALACTIC) COSMIC RAYS

are charged particles (nuclei, isotopes, leptons, antiparticles)

dlffusmq in the qalac’rlc magnetic field
Observed at Earth with E~ 10 MeV/n - 103 TeV/n

= 1. SOURCES
‘ PRIMARTIES: directly produced in their sources
SECONDARTES: produced by spallation reactions of primaries on the
interstellar medium (ISM)

2. ACCELERATION |
‘ SNR are considered the powerhouses for CRs. They can accelerate particles up
to 102 TeV '

3. PROPAGATION .
' CRs are diffused in the Galaxy by the inhomogeneities of the galactic magnetic :
field. '

+ loose/gain energy with different mechanisms

........................................................................................................................



Charged cosmic rays

B e

¢ GCRs are confined by galactic magnetic fields

¢ After propagation, is left
¢ Also the tends to get

Q

Equal amounts of matter and antimatter
—> focus on antimatter (low backgrounds!)

UH
Torsten Bringmann, University of Hamburg Indirect detection of dark matter - 8I



Modern Generation: Fermi GST

57




PWNs

The GeV-TeV Gamma-ray Sky

Supernove
Remants

¥ i R

Fermi.-LAT Sky map
(4-year, >1GeV)

. | | . Unidentified
S R s ipi————————ty e 292

' Comes from many standard
‘astrophysical contributions

GaIaX|es

binarles




.3}1
R Principle: Use the Earth's Magnetic Field to

o e Distinguish e and e’

90° longitude

90° longitude

e blocked while e’
allo

180° longitude

e blogked whlle e
__allowed from East

 Pure e* region is in the west and same for e in the east
 The regions vary with particle energy and the LAT position

 To locate these regions, we use a code written by Smart, D. F.
and Shea, M. A.* which numerically calculates a particle's
trajectory in the geomagnetic field

*Center for Space Plasmas and Aeronomic Research, The University of Alabama in Huntsville

May 9, 2011 W. Mitthumsiri, C. Sgro, et al. Page 2/10



e:m/m Data

Gamma-ray
Space Telescope

« All data when the Earth limb is within 60 deg from the
center of the LAT's field of view, up to April 15, 2011
(~41 days of livetime)

* Logarithmic energy binning, 10 bins per decade,
starting from 20 GeV
e"+e
(both allowed at all times)

& Exposure

Earth (ZenithAngle=113
N

L
count N~

-y
=L B

ZenithAngle=50

| Count | & Exposure

count

May 9, 2011 W. Mitthumsiri, C. Sgro, et al. Page 3/10
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Two Gaussians fit well

Fitting is stable for e+ e and €,
but is more challenging for e”
because the statistics is lower

W. Mitthumsiri, C. Sgro, et al. Page 5/10



.3}1
Background Subtraction: MC-Based
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« Simulations and data are shown at high-level event selection with an
inverted criterion because we want to eliminate the signal and keep the
background for comparison

« Simulations and data in e" + e region and e" region agree within ~15%,
sufficient for this analysis, which is dominated by statistical uncertainties

May 9, 2011 W. Mitthumsiri, C. Sgro, et al. Page 6/ 10
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The ratio of the sum J(e")+J(e) and the total flux J(e"+e’) being
compatible with 1 shows that each method is self-consistent

May 9, 2011 W. Mitthumsiri, C. Sgro, et al. Page 7 /10
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Conclusion

* The Fermi-LAT has measured the cosmic-ray " and e spectra
separately, between 20 — 200 GeV, using the Earth's magnetic field
as a charge discriminator

— First measurement of absolute e* spectrum above 50 GeV

— First published e" fraction above 100 GeV
 Two independent methods of background subtraction, Fit-Based
and MC-Based, produce consistent results

* The observed e" fraction rises

with energy, showing no sign of

decreasing between 100-200 GeV g
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Antimatter Missions in “Space”

BESS LDBF PAMELA
2004, 2007

“ GAPS “

AMS-02
2011-




GF:21.5cm?2 sr

Mass: 470 kg

Size: 130x70x70 cm?3

Power Budget: 360W

Today: 2529th day in
orbit

N
P#ﬂé’g G

Time-Of-Flight

plastic scintillators + PMT:

- Trigger

- Albedo rejection;

- Mass identification up to 1 GeV;
- Charge identification from dE/d

Electromagnetic calorimeter
WI/Si sampling (16.3 X, 0.6 A))

"1 - Discrimination e*/ p, p-bar/ e’

(shower topology)
- Direct E measurement for e

Neutron detector

- High-energy e/h discrimination

Spectrometer

TOF (S1)

ANTICOINCIDENCE
(CARD)

TOF (S2)

ANTICOINCIDENCE
(CAS)

TOF (S3)

microstrip silicon tracking system + permanent magnet

It provides:

- Magnetic rigidity - R =pc/Ze
- Charge sign

- Charge value from dE/dx

ANTICOINCIDENCE
(CAT)

SPECTROMETER

CALORIMETER

NEUTRON
DETECTOR



Design Performance

Antiprotons 80 MeV - 150 GeV
Positrons 50 MeV - 270 GeV
Electrons up to 400 GeV
Protons up to 700 GeV
Electrons+positrons up to 2 TeV
(calorimeter alone)
Light Nuclei (He/Be/C) up to 200 GeV/n
AntiNuclei search sensitivity of 3x10-8 in He/He

ent of many cosmic-ray species
e

F.S. Cafagna, D.P.N.C. Université de Genéve, 8 May 2013 16




PAMELA: the integration




Re_surs-DK1 low energy cutoff orbit

* Resurs-DK1 satellite: multi-spectral
imaging of Earth’s surface

« PAMELA mounted inside a pressurized
container

» Launch 15/06/2006 - lifetime >3 years (assisted),
extended till end of satellite operations

M+ Data transmitted to NTsOMZ, Moscow
via high-speed radio downlink, ~16 GB / day
» Quasi-polar and elliptical orbit (70.0°, 350
km - 600 km) — from 2010 circular orbit
(70.0°, 600 km)

Resurs-DK1 : * Traverses the South Atlantic Anomaly
Mass: 6.7 tonnes Y

Height: 7.4 m * Crosses the outer radiation belts

Solar array area: 36 m?

v13Nvd (¢
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Spectral analysis using
neural networks (MLP) in
- several cutoff and energy
“bins
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points: real data

lines: fit with simulation MLP §
output shape (GEANT4)

Emiliano.Mocchiutti, INFN Trieste — CR e+ spectrum measured by PAMELA - July 7th, 2013



All par"ricle SPZCTI"G (from Pamela experiment)
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Antiproton absolute flux

Donato et al. (ApJ 563 (2001) 172

Apparently no
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R. Kappl et al , PRD 85 (2012) 123522
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D. G. Cerdeno, et al, Nucl. Phys. B 854



Antiproton/proton ratio

Low Energy 2>
Confirms charge
dependent solar
modulation

High Energy -2
Consistent with
models (Galprop,
Donato...)

Q1DE_||||| T T T T T T T T T 11717 ]
i;"i [ ]
B Simon et al. 7
B (ApJ 499 (1998) 250) J’G—' Ptuskin et al. i
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Donato et al.
(PRL 102 (2009) -
071301)

o o« = H @

(1

BESS 2000 (Y. Asaoka et al.)
BESS 1983 (A. 5. Beach et al)
BESS 1959 (Y. Asaoka et al )
BESS-polar 2004 (K. Abe et al.)
CAPRICE 1394 (M. Boezio et al )
CAPRICE 1398 (M. Boezio et al )
HEAT-plar 2000 . Asacka et al.) —
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1\ ELA positron flux increases above 20 GeV.

PAMELA
Fermi
HEAT94+95
AMS-01
CAPRICE94

Positron flux x E* (s 'sr'' m?2 GeV?)

I

3456 10 20 30 100 20
Energy (GeV)

ra AN

v
5

M-

Emiliano.Mocchiutti, INFN Trieste — CR e+ spectrum measured by PAMELA - July 7th, 2013
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=> Are we seeing a DM signal 7!

"1 Torsten Bringmann, University of Hamburg Indirect detection of dark matter - 91



The Alpha Magnetic Spectrometer

on the International Space Station

a B

l—::f;@'ﬁﬁ ===~ F‘ g [T T ;

3 5




AMS: A TeV precision, multipurpose particle physics
TRD spectrometer in space.

Identify e+, e- Particles and nuclei are defined by their
charge (Z) and energy (E ~ P)

Z, P are measured independently by
the Tracker, RICH, TOF and ECAL




300,000 \electroni\\c\channels
650 processors

5mx4m x 3m

Silicon layer

7 Silicon layers

— 1‘i,000 Photo Sensors

Silicon layer



AMS: A TeV Magnetic Spectrometer in Space

I TL o og 0 2000sec G.F. 4000 cm? sr
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Data from ISS Time of Flight System

Measures Velocity and Charge of particles

X
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Transition Radiation Detector

20 Layers each consisting of:
* 22 mm fibre fleece

. O 6 mm straw tubes
filled with Xe/CO, 80%/20%
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Probability

TRD performance on ISS
TRD estimator = -In(P,/(P,+P,))
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TRD performance on ISS
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Tracker: The coordinate resolution is 10 p

Inner Tracker Alignment via
20 -UV Lasers

Outer Tracker Alignment via
\. Cosmic rays




There are 9 planes with 200,000 channels aligned to 3 microns
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Z determination by Tracker and Rich QAT

30 : .
-TOF Tracker RICH performance Verlﬁed
- at heavy ion test beam (CERN GSI) 2% Fe
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Calorimeter (ECAL)

50,000 fibers, ¢ =1mm, distributed uniformly inside 1,200 Ib of lead

which provides a precision, 3-dimensional, 17X, measurement
of the directions and energies of light rays and electrons up to 1 TeV




A precision, 17 X,, TeV, 3D measurement of the
directions and energies of light rays and electrons

~ 0.05
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50 000 fibers, ¢ =1 mm
distributed uniformly
Inside 1,200 Ib of lead

Reported by S. Di Falco, ICRC




Lepton hadron separation with ECAL

Positron 100 GeV
Longitudinally contained
e 100 GeV _ Shower lateral size ~ R ;.. .(2cm)
e— Ercar ~ Prr
p 100 GeV_ |
Proton 100 GeV S
Longitudinal Leak =

Shower lateral size >> R ;e

Epcar, << Prrg

Proton rejection with ECAL:
v" Energy fraction in each layer

Shower lateral width in each layer

v
v" Shower longitudinal profile
v" Shower 3D profile




Separation of protons and electrons with ECAL

ISS data: 83-100 GeV

—

Boosted Decision Tree, BDT:
19 variables describing

3D shower shape combined
(B.Roe et al., NIM A543 (2005) 577)

Fraction of events
o

102 E
= rotons electrons
= WP €, =90%

10 E

1u—5 | | i | [ | [l | i i i I | [ | I | [ I | i IYI | [ | [ | [ | | | | i | I | [ |
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

EcalBDT
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Data from ISS: Proton rej
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Sensitive Search for the origin of Dark Matter with p/e* >108

e ,_ e e X S Tracker Entl'y
n— I )= = = — == P - — - —. ————————————— “TTTA
TRD: . rejection >102
=3
™
™
S ©
o
-
<| @
X
__________________________ y 3|¢
o| &
-
Y

ECAL: -l-;-+ rejection >104 Tracker Exit

a) Minimal material in the TRD and TOF
So that the detector does not become a source of e*

b) A magnet separates TRD and ECAL so that e* produced in TRD will be swept away
and not enter ECAL
In this way the rejection power of TRD and ECAL are independent

c) Matching momentum of 9 tracker planes with ECAL energy measurements



AMS Flight Electronics for Data Acquisition (DAQ)

TRD: 5248 Signals 300,000 channels at 2 KHz,
650 computers TOF & ACC: 88 Signals
designed and built by AMS |

iAo

Silicon Tracker:
196,608 Signals

- e —— TS
NNAN : ' :'. -

gnals

RICH: 10,800 * 2 Si

X




Proton ﬂux
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Search for structures -

AMS-02 Data e

Pamela Data®

LI,

Science (
. DOI: 101125130 nce.1199172

PAMELAMaas urements of Cosmic-Ray Proton and Helium Spectra
O. Adriani et al.
Scfnc 332 69 (2011);
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Helium flux
Search for structures

| | r|||r1| | | r||rr1[ I |

AMS-02 Data e
PAMELA Measurements of Cosmic-Ray Proton and Helium Spectra
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10 102 10° R (GV)
To be presented by V. Choutko (8 July, ICRC)




0.2

S
=
S
Qc
&)
Q

0.1

0.05

Boron-to-Carbon ratio
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AMS Nuclei Measurement on ISS
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And to finish...

(Boyle & Miiller 2007)
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Positron event selection.
DAQ: efficiency > 50% (no SAA)

Geomagnetic cutoff:
E>1.2-max cutoff

TRACKER:
- Track quality
- geometrical match with ECAL
shower

TRD: atleast 15 hits

TOF: downgoing particle,
>0.8, 0.8<Z<14

ECAL.:
- shower axis within the fiducial
ECAL volume
- electromagnetic shape of the
shower

424 GeV positron

MAGNET

WLISLSII ST IS,

> RICH

} Ecac



Analysis: 2D fit to measure Ne* and Np

2D reference spectra for the signal and the background are fitted to
data in the [TRD estimator- log(E/|P|] plane.

The method combines redundant information from TRD, ECAL, and Tracker;
and provides much better statistical accuracy compared to cut-based analysis.

— 3 <10° 3 %ﬁ .
< o . R 2
h protons $ positrons 16 S
= 2 25 A o 2 a
=3 > g 14 3,
- 2 & - 12 3
3 3

1
0 .1.5 5_0— 0 . 5_9

—0.8

-1 1 -1 0.6

0.4

-2 0.5 -2
0.2
5 02040608 1 1214 ° 5 02040608 1 1214 °
TRD estimator TRD estimator
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Results of the fit:

The TRD Estimator shows clear separation between protons and positrons with
a small charge confusion background

I I I 1 I I I I I 1 1 I I I I 1 |
Z5ooC Spon

® Data on ISS +
— Fit +

— Positron
--- Proton
— Charge confusion

250

200

2/ndof=0.83 +

Events

positrons
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"""----...::;_-""-"""-""

+§ protons

-sin-

'_'—-,,l.,"'r:.u
— Sl

Jescrreziipasizzsiisfieessines

02 04 06 08 1
TRD Estimator (83.2-100 GeV)
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Results of the fit: in the signal region only 1 % of protons

U) 4 es“”’%ﬁ | I | | | | | I | | | | | | | | | | | | | | I | | | | L
I= 160 , e DataonlISS —
2 As * Fit -
140 — — Positron —
B Proton ~
120 :_ == Charge confusion _:
100 + v2/d.f.=0.60 -
80 4 —
50 - : TRD Estimator <0.75
- + (83.2-100 GeV) .
401 Py -
3 + | E
20 - o2 * .

0 e

4 05 0 05 1



0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Selection Efficiency

8 January 2013

------------------------------------------------------------------------------------------------------------------------------
............................................................................................................................

..............................................................................................................................

..............................................................................................................................

.............................................................................................................................

uniform in a wide energy range, 2-400 GeV
Ne*= 6,800,000 Np = 700,000

I I T S A v SR A i A

10 10°
Energy [GeV]

—h

Positron fraction

13



Systematic error on the positron fraction:
5. e+/- Charge confusion

c
2107 =
: B
E - ¢
g B ® Data *muv"‘."
9 B .,t‘.
g 10-2 — - M C .o““'
- +-~ 9 +
- . .‘.!.
10° — “3""
E llll"‘.‘.*
B .0’"“- ®
_‘0 ’ ¢ .
| | | | | | | | | |
20 30 40 50 60 102 2x10%2 3x10?

Energy (GeV)
Two sources: large angle scattering and production of secondary tracks along the

path of the primary track. Both are well reproduced by MC. Systematic errors
correspond to variations of these effects within their statistical limits.



Positron fraction
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_ The data show that the positron fraction is steadily increasing from

10 to ~250 GeV, but, from 20 to 250 GeV, the slope decreases by
- an order of magnitude.

o AMS-02 (6.8 million e*, e~ events)
8% of total Data to 2028

o
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No fine structure in the spectrum
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“Over the coming months, AMS
will be able to tell us conclusively
whether these positrons are a
signal for dark matter, or whether
they have some other origin”

0° longitude

ten Bringmann, University of Hamburg Indirect detection of dark matter - 92



mple observation #2:

: . — - 'Bérg'strfilflvefgl (2013) I T T T I T T T
L ote m, = 100 GeV
- . (ov) = 3 x 10720 cm3s! _ o AMS-02
a 100; - ef 7 S — Fitto Data
2 §10'y g
S T . N i
g 107 F " § B 7
) i = _ i
< g | ]
5
g 07 ]
-+ Solid (dashed, dotted): L = 4(8,2) kpe Ll el e '
" Dot-dashed: Unaa +Up = 2.6 eV cm™ 1 10 102
10*13071 ST o e e* energy [GeV]
E [GeV]
AMS provides data
Sharp do exist, i) with extremely high statistics
for leptonic channels, even i) for which a simple (5 param) smooth
! BG model provides an excellent fit

Let’s try a spectral fit!

Torsten Bringmann, University of Hamburg Indirect detection of dark matter - 103
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Bergstrom et al. (2013)

e
-~

_ — “WMAPT

} represents uncertainty in

- dashed: Fermi LAT

[ solid: AMS-02 (this work)

i) local DM density
ii) local radiation density

NB: this method
gives very robust
limits - but only
for spiky signals!

my, [GeV]

:> ool cnecnt existing lmits on (light) leptonic states!

'\ Torsten Bringmann, University of Hamburg Indirect detection of dark matter - 104




Physics Example: Comparing data with a minimal model.

(I)e"' . Ce+E_73+ + CSE_ys et/Es

®,. = C, e + C,E 7 et/s

Positron fraction
—h
o,
]
O
O

- o Data

. - [t to Data with Model _
2/d.f. = 28.5/57 et energy [GeV]

1 10 10°

The agreement between the data and the model shows that the
positron fraction spectrum is consistent with e* fluxes each of which is
the sum of its diffuse spectrum and a single common power law source.




V.

In conclusion,
the first 6.8 million primary positron and electron events collected
with AMS on the ISS show:

At energies < 10 GeV, a decrease in the positron fraction with increasing energy.
A steady increase in the positron fraction from 10 to ~250 GeV.

The determination of the behavior of the positron fraction from 250 to 350 GeV
and beyond requires more statistics.

The slope of the positron fraction versus energy decreases by an order of
magnitude from 20 to 250GeV and no fine structure is observed. The agreement
between the data and the model shows that the positron fraction spectrum is
consistent with e* fluxes each of which is the sum of its diffuse spectrum and a
single common power law source.

These observations show the existence of new physical phenomena,
whether from a particle physics or an astrophysical origin.





