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ORIGIN OF CosmiC RAY POSITRONS Kresnopevtoey's talk

Positron spectrum shows a significant excess above ~23 GeV
that is not consistent with only the secondary production of positrons

2
Empirical model: &,.(E) = % [Ca(B/E)Ye + Co(E/E2) exp(— E/E))]

x2/dof = 40/66
Collisions Pulsars or Dark Matter

 AMS Positrons
4.5 million events

AMS preliminary results. Please
refer to the upcoming publication
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The observation requires the inclusion of primary sources whether

from a particle physics or an astrophysical origin

Astrophysical point sources (like pulsars) of cosmic ray positrons
may induce some degree of anisotropy on the measured positron flux



ORIGIN OF CosMIC RAY ELECTRONS Kresnopevtoey's talk

Electron spectrum is best described with a combination of two power laws
(a, b) and a source term like positrons

E? = =
Empirical model: @, (E) = E—Z(Ca EYa + C,LE"? + Positron Source Term)  y2/dof = 25/67

250

ek

 — 1000
AMS preliminary results.
Pleaséirefer to the
upcoming publication

Power law b
99.1% CL

v

e source term

Energy [GeV] 100

Astrophysical nearby sources of cosmic ray electrons responsible of power
law b may induce some degree of anisotropy on the measured electron flux



ANALYSIS OF THE ANISOTROPY

Measurement of the cosmic ray fluxes as function of the
arrival direction in Galactic Coordinates:
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SPHERICAL HARMONIC EXPANSION OF CR FLUXES

The directional dependence of the CR flux is described in terms of
an expansion in spherical harmonics

Dipole anisotropy (£=1)
d(6, p) = Pg (1 + prw sin 0 sin p 4 pNs cos O + prp sin 0 cos @)

Dipole components
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AMS SKY COVERAGE

Position = Geographic coordinates Arrival directions
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DETERMINATION OF THE ABSOLUTE ANISOTROPY

The absolute anisotropy is determined by comparing the observed
map of arrival directions from data with the expected map for an
isotropic flux in galactic coordinates

1SS data Galactic Coordinates Isotropic map

: : | . Z .
240 360 0 120 240 360 480
Events/pixel Events/pixel
Map of arrival directions of the Expected map of isotropic flux includes the
measured events exposure time and detector efficiencies



ABSOLUTE ANISOTROPY: DETECTOR EFFICIENCIES

Computation of isotropic map requires detailed understanding of
detector efficiencies at different geographical locations

TRD Efficiency
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POSITRON & ELECTRON ANISOTROPY ANALYSIS

Positron signal extraction from template fit

Current Analysis to the TRD response

Fiducial Volume: TRD - ECAL K —
.ltﬂ N T T T T T T T ]
\ / 5 250:— —:
- B -
\ / - 200:— background —:
éﬁé 1505_ _E
100f- E
50f- E
002 0.4 06 08 1 T2 1416 T8 2
/ \ ATFID
TRD templates obtained from data for both

I signal (e*) as for background (protons)

Positrons are separated from protons Charge confusion (CC) electrons are
with a selection based on a cut on the reduced to percent level by means of a
ECAL estimator and a template fit to cut on a CC estimator that combines
the TRD response information from TRD, TOF and Tracker
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ELECTRON ANISOTROPY

Selected events are grouped into 5 cumulative energy ranges:
E > 16, 25, 40, 65, and 100 GeV

The arrival directions of electrons events are compared to the expected
map for an isotropic flux in galactic coordinates

16 < E/GeV < 500 Allows to investigate the origin of

Galactic coordinates power law b in the electron flux
Isotropic map

260 390 260 390 520
Events/pixel Events/pixel 10



ELECTRON ANISOTROPY: DIPOLE COMPONENTS

Galactic Coordinates
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Results consistent with isotropy
in all the dipole components
and energy ranges
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ELECTRON ANISOTROPY: UPPER LIMITS

Upper limits to the electron dipole anisotropy in galactic
coordinates

@® Dipole amplitude U.L. (95% C.l.)

10 'Em 68.3 % C.I. Isotropic exp. (stat.+sys.)
95.4 % C.I. Isotropic exp. (stat.+sys.) 3.4 x 10% electron events
mRRRRRELL Isotropic exp. value (stat.) .
L Isotropic exp. value (stat.+sys.) 100-500 GeV | 16 < E/GeV < 500

Dipole amplitude U.L. (95% C.l.)

" AMS
| preliminary data 0 < 0.39% at the 95% C.I.
10 for 16 < E/GeV < 500
oy a 0508 0.31% Iso. Exp. (stat.+sys.)
-500 GeV
I E < 500 GeV
10°° e
10 102

Minimum Energy [GeV]
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POSITRON ANISOTROPY

Selected events are grouped into 5 cumulative energy ranges:
E > 16, 25, 40, 65, and 100 GeV

The arrival directions of positrons events are compared to the expected
map for an isotropic flux in galactic coordinates

16 < E/GeV < 500 Allows to investigate the origin
Galactic coordinates  °f e positron source term
Isotropic

=

map

|______ . .
10 20
Events/pixel Events/pixel 13




POSITRON ANISOTROPY: DiPoLE COMPONENTS

Galactic Coordinates
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in all the dipole components
and energy ranges
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POSITRON ANISOTROPY: UPPER LIMITS
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Dipole amplitude U.L. (95% C.l.)

Upper limits to the positron dipole anisotropy in galactic

coordinates

= @ Dipole amplitude U.L. (95% C.l.)
_ [ 68.3 % C.I. Isotropic exp. (stat.+sys.)
95.4 % C.I. Isotropic exp. (stat.+sys.)
-------- Isotropic exp. value (stat.)
Isotropic exp. value (stat.+sys.) 100-500 GeV 5

AMS
L preliminary data 40-500 GeV

B 25-500 GeV

m16-500 GeV ®
by, = 1.44%

E < 500 GeV ;

10 102
Minimum Energy [GeV]

2.5 x 10° positron events
16 < E/GeV < 500

0 < 1.44% at the 95% C.I.
for 16 < E/GeV < 500
1.02% Iso. Exp. (stat.+sys.)

Analysis dominated by
statistics
More data will allow to
ascertain the origin of
cosmic ray positrons
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ORIGIN OF THE PROTON FLUX DEVIATION

Proton flux measured by AMS shows a deviation

from a single power law above 200 GV
[Physics Reports 894 (2021) 1-116]

x10°
F ™ L |

AMS ) e
— Fitto c:ﬁ}- 1 *‘R%]' "r_

=
=9
T T

L )
lIl' l'“
12

Flux x B> [ m2s”'sr'! (GV)'""]
o
l | | | |

(= -]
11

10

Rigidity [GV]
This observation may require modification of cosmic ray transport models
or the inclusion of local sources of high rigidity events

A nearby source of cosmic ray protons may induce
some degree of anisotropy in the high rigidity sample
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PROTON ANISOTROPY

2.6 x 10° Protons
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Results are consistent with

isotropy and upper limit to the
dipole amplitude is established

0 <0.30% at the 95% C.I.

for R > 200 GV

0.34% Iso. Exp. (stat.+sys.)
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AMS Lo UPGRADE With completion of L0 Upgrade AMS
m acceptance will be Increased by 300%

measurements of the spectra of
positrons, electrons, antiproton and 14
high-Z elements, from P to Zn, due to
large increase of the statistics and

ol B B B
2 - large reduction of the backgrounds.
y ]

X ,J—> This will allow accurate measurements
at highest energies, there no data exist.

| ‘ With the LO upgrade, AMS will provide
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FUTURE POSITRON & ELECTRON ANISOTROPY ANALYSIS

Current Analysis Future Analysis
Fiducial Volume: TRD - ECAL Fiducial Volume: TRD + L0

\ / S 7

\ /s \ /

i \ /
éﬁé electrons outside —_—

ECAL acceptance ) /

| /
Acceptance / \

increases by a
factor 3

]

L |

Positrons are separated from protons Positrons are separated from protons
with a selection based on a cut on the with a selection based on a template fit to

ECAL estimator and a template fit to the TRD response
the TRD response 19



Measured dipole (3)

POSITRON ANISOTROPY: PROJECTION UP TO 2030
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By 2030, the improved analysis with the LO upgrade will allow AMS to
be sensitive to anisotropies below the 1% level, as predicted by
pulsar models that reproduce the positron excess

Current Analysis
Fiducial Volume: TRD - ECAL

E> 16 GeV e Current §

--=« Expected &
68.3% CL

Pulsar

L.
LE I
.....
------------
-------
r

1 1 1 1 1 1 1 1 1
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
year

Pulsar Model:

0.020

0.015

dipole ()

5 0.010

asure

o 0.005

0.000

Future Analysis
Fiducial Volume: TRD + L0

| E> 16 GeV

---- Expected &
W 68.3% CL

Pulsar

1 1 1 1 1 1 1 1 1
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
year

D. Hooper, P. Blasi & P. D. Serpico, JCAP 0901(2009);
K. loka, PTP 123-4 (2010) 743

20



The measurement of the anisotropy of electrons, positrons and protons
prowdes unique information to understand the origin of the unexpected
features observed in their fluxes

AMS sensitivity to 1% level pbgitron dipole anisotropy prowdes @
' test of the puls ar ongl' or the positron excess
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