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The PAMELA exp%//

Payload for Antimatter/ Matter Exploration and
Light -nuclei Astrophysics

v Seattifor antimtezr helpsolving the cosmologlcal
problemabout the existence of tia@parent
asymmetry between matter and antimatter

the Dark Matter problem; .
« Studyy of costnitsray propagasionyprovidingnew high preC|S|on data
about CR primary and secondary fluxesto constrain on current
acceleration and diffusion models of cosmic rays in the Galaxy
v Studly solar physics amd solar moduletion investigating the
heliosphere
v Studyy terresstisd imagnetésphererand Earth magnetosphere
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The P%A%W/

Resurs-DKI - multi -spectralimaging of
%A O QUE&CO
PAMELA is mounted inside apressurized
container of the ResursDK-1spacecraft

- Launchedon 15th June 2006

;;;; T - In nearly continuous data-taking mode since
r "' ¢ ; January 2016 when downlink operation were

terminated

"H Quasi polar and elliptical orbit
"H Inclination ~ 70A
"H Altitude ~ 300 - 600 km

Latitude (deg)
cutoff (GV)

4 "H From 2010 circular orbit

-150 -100 -50 0 50 100 150

. ) . Longitude (deg)
Orbit period ~90 min
<€ >
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The PAMELA experiment

P —

= : TOF (1)

Time -Of -Flight
plastic scintillators + PMT: SRS
- Trigger (CARD)
- Albedo rejection; ,_\: )—Q L/ __ ANTICOINCIDENCE
- Mass identification up to 1 GeV; TOF (S2) — (CAT)
- Charge identification from dE/dX
Electromagnetic calorimeter
W/Si sampling (16.3 X0, 0.6 A ) ANTICOINCIDENCE ittt
- Discrimination e+ / p, anti-p/ e R (7 S
(shower topology) I
- Direct E measurement for e : TOF (3)

Neutron detector |

| CALORIMETER
- High-energy e/h :
discrimination v s4
NEUTRON
Spectrometer DETECTOR
Irpicrr(;)vsiélriéos_siIicon tracking system + permanent magnet
P - Magnetic rigidity A R =pc/Ze ﬁgsiali?? ksgr
- Charge sign Dimensioni: 130 x 70x 70 cm3
- Charge value from dE/dx Power Budget: 360 W
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PAMELA overall results
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The PAMELA Mission: Heralding a new era in precision élU‘ = T
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V Absolute Fluxesof primaly Cosmic Rays




Protons and Helium Nuclel Spectra & H/He ratio=
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O. Adriani etal. 2011, PAMELA
Measurements of Cosmic -Ray
Proton and Helium Spectra
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p/He

First highstatistics and higiprecision

measurement over three decadesnargy
Deviationsfrom single power law (SPL):
A Spectra gradually soften in the range

30+-230 GV

A Spectral hardening® R~235GV

D §0.2:0.3
SPLis rejected at 98%¢ L

10

GALPROP

——— PAMELA

Zatsepin et al. 2006 (fitted to data)
------------ GALPROP ¢=450 MV

Zatsepin et al. 2006

Lol ! Lo - Single power law fit

2 3 4
10 10 10 R (G‘},

Clear evidence oflifferentH and
He slopes above ~ 1BV
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Result confirmed by AMS-02!

14000

344 + 0.02

2.706 = 0.07
12000

T[(m?s st GV)Y' x GVY)

- 10000

o
=
o
=

Proton Flux Ratio FluxxR*

4 5 6 7 8910 20 30 40 50 100 200 300 1000 2000
Ragidity [GV]

O. Adriani et al., Phys. Rep. 544 (2014) 3232 ; M. Aguilar et al., PRL 114 (2015) 171103

A, =0.149
A, =0.104

Helium Flux Ratio Flux xR [(m”s st GV)! x GV*']

4 5 6 78910 20 30 40 50 200 300 1000 2000
Ragidity [GV]

Q. Adriani et al., Science 332 (2011) 6025 ; M. Aguilar et al., PRL 115, (2015) 211101
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7” 9 :5‘;"“»95 Cosmic-Ray Electron Flux Measured by the PAMELA Experiment
o o
10", S Hinctes = between 1and 625 GeV
- [ ] MASS91 o O. Adriani et al.
3 ¢ A ATIC _ Phys. Rev. Lett. 106, 201101 — Published 19 May 2011
B * Kw.y.’hi 3 PhYéT(:‘S See Synopsis: Tantalizing cosmic-ray electrons
m * BETS N
¥ ©  Fermi -
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O. Adriani etal., ApJ 810 (2015) 142

1 2 3 4 5 678910 20 30 40 50 60 10? 2x10°
Kinetic Energy [GeV]
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V Absolute Fluxesof primaly Cosmic Rays
V Light Nucleiiand Isotopes
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PAMELA Results: SWW

> —

Light Nuclei and Isotopes

Tuning of cosmic-ray propagation models with
measurements of secondary/primary flux ratio

°H/ H and 3He/*He are complimentary to B/C

measurements in constraining propagation models Coste
etal., A&A 539 (2012) A88

Antiparticles (antiprotons, positrons), secondariesfrom
homogeneously distributed interstellar matter (light
nuclei)

14
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PAMELA ToF
PAMELA Calorimeter
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BoORON AND CARBON

ron and carbom

@ Flux measure from 2 to 260 GV;

B/C raTIO

@ Standard tool for studying propagation models;

@ Different spectral shape; @ B/C o diffusion coefficient, K = Dy E—9.
>
LI | ”,5 T rrrr] T T T L L B | T T T LI B R | ]
045 Fit to PAMELA data: diffusion coefficient —
= WE 0.4 - Do = (4.12 + 0.04) x 10%® cm? 51 =
£ C - & = 0.397 £+ 0.007. =
2 E ; E
2 = 0.35 g —
z 03k —
" B o - -
2 (=] . - =
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Adriani et al.,
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ApJ 791 (2014), 93
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Lithium-and Beryllium - Isotopes

b (ToF) vs. Rigidity or Multiple dE/dx (Calorimeter) vs. rigidity
Lithium Beryllium

- ToF 190GV <R, <2.10GV - Calorimeter 1.90 GV <R <210 GV
35

70 {
- 6p A
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60— 5

30F

17 b ; § 3 5
B Mass (amu)

Ratio “Li/ SLi ‘Be / (°Be +1Be)
o016 g 24
® @ ToF @ Calorimeter Preliminary! g - Preliminary! ® ToF e Calo
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V Absolute Fluxesof primaly Cosmic Rays
V Light Nucleiiand Isotopes
V Antipaiticlés;
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PAMELA Results : Positrons

B
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PAMELA Results : Antiprotons
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V Absolute Fluxesof primaly Cosmic Rays
V Light Nucleiiand Isotopes

V Antipaiticlés;

V Anisotiopies
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Significance map for
backtraced positrons
Background : Protons
Angular scale 10A

| — Data

1— Gaussian Fit

Number of pixels
2

T

Sign

3
ificance o

Histogram of calculated
significance

O. Adriani et al., ApJ 811 (2015) 21
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Significance

simulations

Number of events asa
function of the angular
distance from the Sun
direction

Number of events

Significance map for
backtraced electrons
Background: Monte Carlo
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V Absolute Fluxesof primaly Cosmic Rays
V Light Nucleiiand Isotopes

V Antipaiticlés;

V Anisotiopies

V' Solarevents solar modulatiom
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The solar modulation
olar _,

nasa.gov:
solarcycle -primer.html

1]
-1
-2

SOLAR CYCLE

A Solaractivity rises and falls over
an 11 year cycle

A Canbe shorter/longer

A Different events during the cycle

A Activity correlates with Sunspot
Number

B. Panicoz TAUP 2017, Sudbury July 2428, 2017

Updated 2017 dpr 3

Oulu Neutron Monitor Fressure corrected data
Last 24 hours {2817-86-27 14:85 - 2017-86-28 14:85 UT). S5-min averages. Average CR: 6572.83

g
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Complete Oulu data {1964-84-81 - 2817-86-28}, Honthly averages, Average CR: 6156.26

https://cosmicrays.oulu.fi/
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T,

Heliospheric conditions during PAMELA observations

> —

—— OULU Neutron monitor (Norm to 2006) — PAMELA Trigger Rate (Norm to 2006)

(D) 1'4;:"‘ :_1.1
S 13 {108
il_f: i | —31.06
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> i !
g 09 “ | . . —f 0.98
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é 0.8 I ’L{ Tl ‘] v Wﬂ 0.94
o 07§ ! ' FTT] ooz
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Neutron Monitor countdatafrom
http://cosmicrays.oulu.fi/

PAMELA observations covers ~ one solar cycle
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The PAMELA experiment

/ Cosmic Ray Spectra of Various Experiments

Flux (m? st GeV sec)"
o
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Solar Modulatlon
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LEAP - satellite

Proton - satellite

Yakustk - ground array
Haverah Park - ground array
Akeno - ground array

AGASA - ground array

Fly's Eye - air fluorescence
HiRes1 mono - air fluorescence
HiRes2 mono - air fluorescence
HiRes Stereo - air fluorescence

Auger - hybrid

10° 10" 10" 10'2 10" 10" 10" 10'® 10'7 10'® 10"° 10%°
Energy (eV)

B. Panicoz TAUP 2017, Sudbury July 2428, 2017

26



-t

L LI

Flux (m?srs MeVy'

-t
<
-

T TTTTI
[

=
Q
N

T TTTT
L Ll

107

Y,
| Iﬂllll

107 7
10° 1 10
Kinetic Energy {GeV)

The PAMELA proton spectra
over four months compared
with the computed spectra

O. Adriani et al., ApJ 765 (2013) 91;
M. S. Potgieter et al., Solar Phys. 289 (2014) 391

B. Panicoz TAUP 2017, Sudbury July 2428, 2017

:'Decoe

Apr 09

Aug 08

Jan 08

May 07

Oct 06

|
n

Differential flux (m® s
o

-
o

Evolution of the proton
energy spectrum from July
2006 to December 2009

|
w
T

— LIS

2006 Computed spectrum
—— 2007 Computed spectrum
——— 2008 Computed spectrum
—— 2009 Computed spectrum
*  PAMELA Nov, 2006
PAMELA Dec, 2007
PAMELA Dec, 2008
PAMELA Dec, 2009

Protons (A < 0)
Earth
Equatorial plane

10

10°
Kinetic energy (GeV)

10

27




Time dependence of therelectron. flux
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Time dependence of the proton
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Time dependence of the proton flux
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Time dependence of the proton flux
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Time dependence of thexproton. flux
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Time dependence of the proton flux
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Time dependence of the proton flux
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