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Positron fraction ¢(e*) / ( d(e*) + d(e’) )
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Habaroanca Fermi-LAT , ATIC u PPB-BETS, PAMELA u AMS-02

e PAMELA,FERMI, AMS-02 : u36bimok nosumpoHos ebiwie ~ 5 B
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Search for anisotropy of high energy e*+e-

A= Imax — Imin o Z ‘;I(ﬁmax-ﬁfrijﬁi
I

‘,min + "max

: : 31
Expected anisotropy from nearest pulsars is g; =——

~10% for Vela, ~3% for BO656+14, ~0.25% for Geminga
(astro-ph 0804.0220) , ~13% for Vela at ~1 TeV (APJ 2004, 601, 3

Dark Matter on the Sun as a source of et,e:

y.- Pulsars are possible source of
. ﬁ HE electrons & positrons.
-

Two possible escape mechanism of positrons from the Sun.
Figure from astro-ph 0910.1838.

Search anisotropy from the Sun for electrons was performed in
Ajello M. et al.[Fermi collaboration]Physical Review D 84 (2011) Issue 3, id. 032007
Campana D. et al [PAMELA collaboration 12013 J. Phys.: Conf. Ser. 409 012055



~1.3m

PAMELA instrument

e P /E* p (He,..
TOF (51)
ANTICOINCIDEMCE
(CARD)

ANTICOINCIDENCE

(CAS)

TOF (S3)

ANTICOMCIDENCE
- (CAT
(GAT)

SPECTROMETER

CALORIMETER

MELTROM
DETECTOR

~470 Kg / ~360 W

Trigger, ToF, dE/dx

« 81, 82, S3; double layers, x-y

* plastic scintillator (8mm)

* ToF resolution ~300 ps (S1-3 ToF >3 ns)
* lepton-hadron separation <1 GeV/c

* 51.52.S3 (low rate) / S2.53 (high rate)

Sign of charge,
rigidity, dE/dx

Electron energy, |[*16.3X0/0.6L

dE/dx, lepton-

hadron separation |, o trigger > 300 GeV / 600 cm? sr

* Permanent magnet, 0.43 T

*«21.5cm?sr

* 6 planes double-sided silicon strip
detectors (300 pm)

* 3 ym resolution in bending view =+ MDR

MDR 1.2 TeV
* 44 Si-x | W[ Si-y planes (380)

* dE/E ~5.5 % (10 - 300 GeV)

- 36 *He counters

-3He(n,p)T; E, = 780 keV

-1 cm thick poly + Cd moderator
- 200 ps collection




The PAMELA experiment

Verni . llati Command f Measurement
ernier engine installation antenna

Solar battery

Coordinate /time
synchronization antenna

Accessories module

PAMELA is here

hardware module

Instrument module
Instrument )
pressurized container

< Cooler
o
Star tracker -,-;? \
3 "\ Optronic equipment Satellite was launched 15.06.2006 on
VRL (high rate datalink) elliptical polar orbit with inclination 70°,
Command rMeasurement Ve'ﬂ"i';r:{fgffrgﬁ'ce altitude 350-610 km.

About 20 GB data per day



Coordinate systems

ECI (Earth-Centered
Inertial) reference frame
X,Y,Z was used to the | £, pointed to north pole

satellite orbiting

vAy¢
<ID<V>QI>

Pamnela reference . pam
frame

Galactic reference frame

Geomagnetic /W

north pole i X, geo, point to zenith

geo, point to north tangentially
to the Earth surface

y,geo, point to the east
in tangentially to the earth

surface
Sez. Milano-Bicocca North Galactic Pole
. (90deg lat.)
- South-North
\g direction
Ey
% Forward-Backward
direction

S
- 0de9 \ong:

A magnetic line

pointed to the verbal equinox o5

©,

-
Vg
e
Solar System \6,) Galactic center
e
East-West
South Galactic Pole direction

(-90deg lat.)
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positron fraction E >20GeV

[ eorpadonyeckoe
pacnpeneneHne codbbiTumn

0,20

0,154

o 8
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0,05+
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latitude AonroTa, rpag.



MeTon aHanmn3a gaHHbIX

« OnpeaeneHve HanpaBneHUin 3aperMcTPUPOBaHHbIX YacTuLy
« OnpeaeneHue HanpaBneHUi YacTuL, 3a NnpedenaMmm marHutocdepsl

« [locTpoeHune KapTbl COOLITUI 1 oNpeaeneHne Yncna 3apermcTpUpoBaHHbIX
yactuy N, Ang Bcex HanpaBneHun

« [locTpoeHue KapTbl COObITUIA AN N30TPOMHOIO NOTOKA , BblYUCNEHME
oXungaemoro (ooHOBOro Yncna vyactuy Ny, Ans Kaxgoro HanpaBneHns

« CpaBHeHue pearnbHOro n OHOBOro pacnpeneneHnn

cucHan=N = Ns — Nb, <N>=0 - Hem ucmo4Huka

3HauyumocTb S=AN/c

= 2{N;{In[ 2] L) 4 N fn[(1 + o) -}

S paeTt AoBepuTenbHbIA MHTEpPBAN AONS OLEHKU CUrHana B

T.-P. Li & Y.-Q. Ma, Astrophysical Journal 272 (1983)317-324.




YyeT MarHuTHOro nong 3emnm

¥ projection, 107 km

X projedhion, 1:IE =m

1 — measured direction in near equatorial plane
2 - positron E=90GeV
3- positron E=15 GeV
4- electron E=15 GeV



KapTa Ans anekTpoHoB

~8000 cobbITui ¢ aHeprnen E>20 9B
ECI reference frame
Entries =t 7858 \EI'“;HPI Entries =t 7858

B0

60

40

20
[

o iy

20

-40

galmap galmap galmap galmap
Entries 7858 gaimap | Entries 7858
m L lean x s T lean x s

80

40

20

0]

-20

-40

Galactic reference frame

the Galactic Center (I,b) =(0,0)
is in the middle of this map



KapTta onga no3mTtpoHOB

~700 cobbiTnn ¢ aHeprmen E>20 3B

ECI reference frame
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PacnpeneneHne «S» anga no3UTPOHOB
B raniakTu4eckon cucteme KkoopauHart

[ S Galaxy map |




Map Projection

HEALPix - Hierarchical Equal Area iso-Latitude Pixelization
http://healpix.jpl.nasa.gov/

Gives a pixelization that produces a subdivision of a spherical surface in which each
pixel covers the same surface area as every other pixel.

The resolution of the grid is expressed by the parameter Nside which defines the
number of divisions along the side of a base-resolution pixel that is needed to reach a

desired high-resolution partition
The total number of pixels is N, ., = 12 N2

pixel —

side

Partitioning of a sphere at
progressively
higher resolution

Lowest resolution & & -

I\Iside: 1 -
: N.,.=2
12 pixels side
P 48 pixels Nsige= Nsige= 8
192 pixels 768 pixels




Event Map

Selected e*and e with energy E > 10 GeV

Electron map Positron map

The palette colors indicate the number of events in each pixel

N, =16 ﬁ> Pixels Number = 3072
! Angular scale ~3°



Integrated Maps

Need to use sky maps with bin size similar to the angular scale of the
anisotropy under search

Integration
radius disc

Integrated sky map

v The content of a correlated bin is equal to
the integrated number of events in a circular
region around that bin.

v In general, the sensitivity for detecting an
anisotropy of given angular scale is greater
when an integration radius close to that scale is

chosen.

If the integration radius is too small or too large compared to the angular scale of
the prospective anisotropy, the sensitivity becomes suboptimal since either the
signal can be split among several adjacent bins or there can be too much
“background” (isotropic signal) contamination.



Integrated Maps

Event map Background map
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Integrated Maps

Event map

Background map

Angular scale 60°
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Significance maps

Significance sky maps asa
function of the integration
radius

Increasing angular scale:
10° - 30° - 60° - 90°

Rl

|7 Gaussian Fit

Number of pixels

In case of anisotropy we expect
extended regions with high values
of significance:

- no evidence of excess
- variance decreases with larger
integration angles

-6 -4 -2 4] 2 4 B
Significance o




Spherical armonic analysis

* Relative intensity map

N(l,b)— < N(l,b) > N(l,b) observed events
< N(L,b) >

I(1,b) =

N(l,b) > expected events in each angular bin

* Relative map in the basis of spherical harmonics

oo m=l
l b) — E E aflm Im e 0.1
=t m=-t 5 - P 26 CL
(& — . —_— 2o
A ) ;’.)_ 0081~ ™ REL[M - 35 CL
* Angular power spectrum obtained D - S IN AR
q) — “
1 m=l ng_ 0.06— Y
- 2 B “.‘
O(l) — oA + 1 A 0.04— S
m=—I N R
0_02:— \ """"""""""""""
Structures on sky at N I E— .
o _
angular scale 180°/ 1 . S,
moment
The power spectrum is calculated with The continuous and dotted lines represent respectively

Anafast Code in Healpix framework 2-3 o fluctuation respect to an isotropic sky



Expected arrival direction from
the Sun

/;gnetic filed lines
AMEUQ

positron trajectory

The Earth



positron fraction

> 65 GeV

0,1 -

positron fraction
—a
—a—
—a—

T T T T T T T T T T T T T
50 100 150 200 250 300 350

A-A

-0.8 0.6 -0,4 -0,2 0,0 0.2 0,4 0,6 08

sun cos(a)
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Anisotropy In the Sun direction

30-70 GeV 70-100GeV
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Y, 10° km

Samples of trajectories

100 10
] 5 | —] | | I !
% N The Earth 0] T~ ] <
1 / ] . /-_-——.5_
g 5 /
0 | mx ) 7
2 o] / PN
] > ]
-15
50 4 | .
) / 20 . \ | | |
-100 f T T ‘ T T '25. — T T — T Tt 1 T T Tt T T T T T
-100 -50 0 50 100 -8 -6 -4 -2 0 2 4 6 8

X, 10° km X, 10° km

Trajectories of positrons and electrons
were calculated in geomagnetic field for all
selected events



KapTa anga anekTpoHOB NOCcne KoppeKkumm
HanpaBneHWn 3a npegenbl MarHUTocdep.bl

ECI reference frame

o
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0 y ot e
e X

L M e L M
-150 -100 -50 0 50 100 150

Galactic reference frame




PacnpeneneHne «S» anga no3UTPOHOB
B "ECI” cucteme koopaunHat

| eci S map |




