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The Discovery of Cosmic Rays

» Victor Hess ascended to 5000 m in a balloon in 1912

+ Noticed that his electroscope discharged more rapidly

as altitude increased

* Not expected as background radiation was thought to

be terrestrial

* NPP 1936 (with
Carl ‘e*” Anderson)
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rimary cosmic ray

Smaller
detectors but
long duration. Primary Cosmic Rays | /

lF&I\J"'t:alf"}si'tmosphere

Large detemrs but

short duration.

Atmospheric

overburden ~5

—~— g/cm2,

R Almost all data on
3 cosmic

antiparticles from

here.

~5 km




PARTICLE PHYSICS BIRTH WAS DUE TO COSMIC RAYS
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Hesse, Wulf, Wilson, Anderson,
Bothe, Kohlorster, Millikan,

Blackett, Skobeltsyn, Rochester,

Butler, Rossi, Pancini ,
Conversi, Powell, Occhialini

Advent of accelerators
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The first historical measurements on galactic

antiprotons
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Antiproton/proton ratio before 1990

- extragalactic antkmatte
- Stecker & Wolfendale
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Rigidity (GV)

“We must regard it rather an accident that

the Earth and presumably the whole Solar System
contains a preponderance of negative electrons
and positive protons. It is quite possible that

for some of the stars it is the other way about”

P. Dirac, Nobel lecture (1933)



Cosmic Ray Antimatter

Antiprotons .
1p Positrons
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Satellite Missions and LDF

BESS
Polar 11 23-12-2007

Fermi/GLAST
11-6-2008 7
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Sp-X Launch 2016

AMS Launch
May 16

, 2011

JEM-EUSO

CALET Launch
August 19, 2015
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PAMELA Instrument

GF ~21.5 cm?sr
Mass: 470 kg

Size: 130x70x70 cm?3
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PAMELA Instrument

* S1, 82, S3; double layers, x-y

* plastic scintillator (8mm)

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

TOF (81) Trigger, ToF, dE/dx * 51.52.53 (low rate) / S2.S3 (high rate)

ANTICOIMCIDENCE

* Permanent magnet, 0.43 T

*«21.5cm?sr

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

Sign of charge, | * 3 ym resolution in bending view +» MDR
ANTICOINCIDENGE n . rigidity, dE/dx

(CAS) MDR 1.2 TeV

ANTICOINCIDENGCE

* 44 Si-x /| W | Si-y planes (380)
Electron energy, |[*16.3X0/0.6L
cacormerer | GE/dX, lepton- |« dE/E ~5.5 % (10 - 300 GeV)
hadron separation |, g. ¢ trigger > 300 GeV / 600 cm? sr

TOF (S3)

MELUTROM
DETECTOR - 36 *He counters
-3He(n,p)T: E, = 780 keV
470 Kg | ~360 W -1 cm thick poly + Cd moderator
- 200 ps collection




PAMELA

Launch
15/06/06

Bajkonour Launch site

Low-earth elliptical orbit

350 - 610 km
Quasi-polar (70°inclination)

Also in Operation at an altitude of 560 km




Summary of PAMELA results
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PAMELA Positron

Nature 458, 697, 2009

et
RIE) =5 o,

Secondary production
Moskalenko & Strong 98

® PAMELA

100
Energy (GeV)




DM annihilations

DM particles are stable. They can annihilate in pairs.

o

Primary annihilation
channels Decay Final states

' 2
flux ocn T annihilation

astro&  particle reference cross section: 3
cCOsSmo o=3-10"%%cm3 /sec 0,= <Ov>




A Challenging Puzzle for Dark Matter Interpretation
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Example: Dark Matter

Phys.Rev.D79:103529,2009
Phys.Rev.D8:103520,2008
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Example: pulsars
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A Challenging Puzzle for CR Physics
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Positrons (and electrons)
produced as secondaries in the
sources (e.g. SNR) where CRs
are accelerated.

S: Sarkar
Phys.Rev.Lett.103:081104,2009
arXiv:1108.1753. Nearby
sources

But also other secondaries are
produced: significant increase
expected in the p/p and B/C
ratios.

Y. Fujita
Phys.Rev.D80:063003,2009
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Positron flux < E® (s sr' m? GeV?

O. Adriani etal., PRL 111 (2013) 081102
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Four Years Later: AMS-02
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The Alpha Magnetic Spectrometer (AMS) Experiment
on the International Space Station.

ISS: 109 m X80 m
Life time 20 years
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AMS: U.S. DOE sponsored international collaboration
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AMS: A TeV precision, multipurpose spectrometer

TRD

: Particles and nuclei are defined by their TOF
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AMS-02

The Positron Fraction
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Positron fraction
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The expected rate at which it falls
beyond the turning point.
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Antiproton to proton fraction
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Asolute fluxs of primary GCRs

Protons, helium nuclel, light nucleli, electrons



Proton and Helium fluxes
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Proton and Helium fluxes

Flux x R>” (m? s sr GV) 'GV?7
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p/He
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Proton to Helium ratio
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Proton flux: search for

ICRC 2013
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AMS proton flux
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AMS Helium Flux ICRC 2015
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PAMELA vs AMS-02 proton spectrum
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PAMELA vs AMS-02 helium spectrum
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AMS Lithium flux — current status
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PAMELA Boron and carbon fluxes and B/C
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Cosmic rays In the heliosphere



Solar Modulation of Galactic Cosmic Rays

Intensita Neutron Monitor di Roma (dati mensili)
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Solar modulation in the heliosphere
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Cosmic-Ray Antiprotons and DM

limits
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PAMELS data [arXiw1007.0821]

D. G. Cerdeno, T. Delahaye & J.

Secondarie: . 2 Lavalle, arXiv: 1108:1128
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See also:

*M. Asano, T. Bringmann & C. Weniger, arXiv:1112.5158.
* M. Garny, A. Ibarra & S. Vogl, arXiv:1112.5155

* R. Kappl & M. W. Winkler, arXiv:1140.4376



- Quter Van Allen Belt v Inner Van Allen Belt New Belt
(Electrons) (Protons) (Interstellar Matter)
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Antihelium/Helium upper limit {95% CL.)
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Search for New Matter in the Universe:

An example is the search for “strangelets”.

There are six types of Quarks found in accelerators.
All matter on Earth is made out of only two types of quarks.

“Strangelets” are new types of matter composed of three types of
quarks which should exist in the cosmos.

St let
Carbon Nucleus =lrangetet i. A stable, single
d “super nucleon”
S o

d S = d with three types of

@ Sg S quarks
CCIl C? S d S li. “Neutron” stars may

@ 0 als d °d be one big

0 a d strangelet

AMS courtesy



PAMELA limits for SQM
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DAMPE Detector Layout

Plastic Scintillator Detector
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Thanks!

http:// pamela.roma2.infn.it
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