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INTRODUCTION

e Hadrons are the main component in Cosmic Rays (CR)

e Precise measurement of abundances and spectra reveal

Propagation Models

e Background for searches of exotic CR

e Input for atmospheric neutrino calculations
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Direct detection for E < 10'° eV

Individual charge measurement for Z < 60

Only Even-Z elements for 30 < Z < 60
Strategies to overcome the low expected flux

1. Large Acceptance (Balloons)
2. Long Duration (Space)
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BALLOONS vs SPACE-BORNE

BALLOONS SPACE-BORNE

Geometrical Acceptance Vv
Flight Duration Vv
Measurement Redundancy v
Atmospheric Corrections v
Detector Accessibility Vv
Flight Control Vv
Price v

= New Experiments:
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BALLOONS

e Magnetic Spectrometers (11.7.7)
e Charge Identifiers (7

e Emulsion Chambers (F./)
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SPACE-BORNE

e Double Cerenkov
e Multiple dE/dx & Total E

e Magnetic Spectrometers

HEAO-3 ISEE-3 AMS
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HIDROGEN ' T\

0.1 GeV < E < 100 GeV
Spectrometers: within 5%
o 100 GeV S E <1 TeV
Calorimeters: within ~ 25%
o 1 TeV < E < 1000 TeV

Emulsion Chambers: within ~ 25%
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HELIUM

e 0.1 GeV = E = 100 GeV
Spectrometers: within 10%
e £ = 100 GeV

Emulsion Chambers: Poor statistics
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e Operated for 8 months in 1979 - 1980
e 7 million events with 4 < Z < 28
e Charge resolution 0.12 - (.2 units

o Absolute fluxes from 0.6 to 35 GeV/n

o ——

e Most precise measurements from HEAO-3

e Systematic Errors ~ 5%
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SECONDARY CR

. and measured for 0.1 GeV/n < E < 35 GeV/n

e Precision of ~ 5% for and ~ 10Y% for

£}

e Data consistent with 9 ¢ con™~ crossed by primary CR
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p fHux

e Main hadronic antimatter expected in CR

wiations from secondary spectrum

> new physics

o World statistics =~ 2000 p

e Energy range 0.2 GeV < E < 50 GeV

F .1I 1'¢'|Fi||

J. Casaus

0.1 a
1o 0 o
* BESScombined  ANTIPROTONS Bisher al, LYl mad]
- BESS8s597 0} f == s
D wl=!
IMa5591
Tabm T o Loieed by Bk
= & CAPRICES , " ";: o
E # \ T I WY
= f 'ﬁ. [
5 0. I i) 2
E“ i :
£ | 2
i .--' 10
- ..-" BRI
/
!
a0 /' Wodulaisd
/
4 w™
a1 ! " h:nemJEherg' rcev)
Kin=dc =nagy, G
> Data consistent with secondary production

Review on High Energy Hadrons



Light Isotopes (1/2) I_\

o Magnetic Spectrometer measurements in the

CNETEY range

0.2 GeV/n < E < 0.8 GeV/n

0.1 GeV/n < E < 3.4 GeV/n

e Statistical errors = 5 - 10%

e Sensitive to propagation history of p and He
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Light Isotopes (2/2) I_\

e Radioactive nucleli = CR Chronometers

*» (t1/2 = 1.51 Myt)
(t1/2 = 4.08 Myr)

e Measurements in space

E ~ 100 MeV /n

e Balloon measurement

0.3 GeV/n < E < 2GeV/n
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CONCLUSIONS (1/2)

e CR spectra are determined with precision in the energy range
E <100 GeV/n & Z < 30
e CR abundances are accurately measured for
Z < 30 and Even-Z for 30 < Z < 60
e Light Isotope Spectra are measured for
E <1GeV/n

—

Long Duration & Large Acceptance & Multipurpose Experimets
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‘ FUTURE EXPERIMENTS '—\

e Balloons

Ultra Long Duration Balloon program

(ULDB)

e Space-Borne

— Magnetic Spectrometers

PAMELA AMS-02

A
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‘ FUTURE EXPERIMENTS '—\

_ ACCESS

. Charge ldentification

Transition Radiation
Detactar

* Energy Spectra
1<Z<28forE < 10" eV
% Individual Element Abundances

4 > 28

J. Casaus Review on High Energy Hadrons



...—L

Prospects H & He

. after 3 vears will collect
~ 10° H with E > 100 GeV and ~ 10 with E > 100 GeV/n
. will measure the Hidrogen and Helium flux for E = 1 TeV
HIDROGEN HELIUM
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‘ Prospects Secondary CR I —\

= will measure the spectrum of light

nuclei for
1 _‘:-' . .Ii" Illl
E<1TeV/n
- after 3 years will collect

~ 10° C with E >
~ 10* B with E >

00 GeV /n
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Prospects p

. will measure the p flux E < 200 GeV

i’

e after 2 years will collect ~ 10°
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Prospects Light Isotopes I N\

- will identify D up to 10 GeV/n
- after 3 years will collect
~ 10°
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Prospects Light Isotopes I N\

- will identify up to 10 GeV/n
- after 3 years will collect
~ 10°
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‘ Prospects "Be/’Be I —/\

- will separate from for
2 GeV/n < E < 10 GeV/n
= after 3 years will collect
~ 10°
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CONCLUSIONS (2/2)

e Precise knowledge of the hadronic component of CR is required for

~ CR &

— Understanding for searches in CR

e Precise measurements of hadrons in CR are llmited to low E and
low 7

e Near
— ULDB
— Large Acceptance, sensitive experiments in space

will improve dramatically our knowledge of CR
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