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Victor Hess
before the balloon fligh of 1912

Discovery of Cosmic Rays
Beginning of
High Energy Astrophysics

| ntense Connection
between the fields of

Cosmic Rays and
Particle Physics




Particle Cosmic Ray
Physics Physics




Particle Cosmic Ray
Physics Physics

Understanding of Shower Development
Interpretation of Indirect Measurements

of High Energy Cosmic Rays

Fixed Target Programs
ISR

SPPS
TEVATRON




FUTURE 9

Particle Cosmic Ray
Physics Physics

Both "flows' of information are possible

Very important input Highest energy interactions
of hadronic physcs observed with
for the terpretation of c.r. Cosmic Rays



"
'
]
e
| L]
|
1
i
Tl I e
4
e
s
o K
; By
i
e
"
-
o
a
T
-

A 9
o

osmic Ray
ectrum

T

K

o etk ki R W Ty

[l ::-_ 'J
) -
5 |
T
o K 1 .I
a - "'___ ':
= i
-\q' 3 K - -
i 5
A, M =
I . -
-, -+ = -
- _ T H
. et . ]
o N = 1
i - <
1, =
= - .'\..
- H ':._ t
-
] e o, -E
T L e -
r
L ¥, u -
L Fa " N |
| - & Ti, E
o i
“‘._ . T
' L L
i ‘i._.I
I
.0 ! il 1
4 | i |
T i
| 'k
:, 1
| Yo
T L3 1
1 o
| :
‘ |
P Y BT AT U S H A TIT -
=T 1 ’I. : - d =t
- = .t ] -
B IR TP
=



u
Cosmic Ray| . =
:-'} [ I
& a3 Fluzes of Coamiz Roys
r L %?:.
s B
HE- 11 ‘% 2 5
T Ao i1 particlp pRr ME=spennd)
Fa N
L = 4
—aF
19 L 4
= o
-?:
17 | 2
— ':':{;-
— o
_'ﬂ_ '_n}
B {;’fﬁ Knea
- {1 pa ticle per r®=year)
30 N
— %%
ﬂ_ E_ %&%
'ﬂ- E;
Jﬂ_u:
- Ankle
el (1 paricle par ken'=ywar)
i h
o F
2 ko | ol ool covvmel vomd v wel vrwwd cvoml vl creod v oo s owl ool o

10 11 12

100 10" o 1™ 10" ' 12" 19 10" 0™ 0™ o 1

Enargy (¥




Spectrum * E*’
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Knee Region
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Eree ~ 3 x 10 eV

EGZK N/ IUBU eV
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Inelastic and diffractive events
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| ndirect M easurements of Cosmic Rays

Extensive Air Showers
Multi-Component measurements

e.m. (€, y), W, hadrons.
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Components
not Resolved:

Model Dependence

HHJ'I'Fl'!.l'E"n" I'.'__Ir'.'l'l'In!r.?Ll'l'“:T.".-

e vV,

M
£

_ © ata

= - fit

=

E

log (N} V/log(N)



Measurement of two or more Components
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The KNEE

»(E) * E*" [(cm® s sr)”! GeV!'']

Different

Experiments
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Ultra High Energy
Cosmic Rays (E > 10" eV)

AGASA
HIRES (High Resolution Hy's Eye)

AUGER
EUSO



A GASA detector

(Japan)

Area= 100 Km?
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J(E) E® [msec™ sr ' eV ?]
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J(E) E° [m?sec™' s eV ?]
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Implication of
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potentially
very profound
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AGASA Energy determinationl
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Major avatematics of AGASA.

Energy Determination

—

Detector:
detector absolute gain + 0.7'%
detectar linearity + 7%
detector response (box, housing, ...) + K%
Air shower phenomenoclogy:
lateral distribution function + 7%
S(600) attenuation + B%
shower froutl structure — B% £ 5%
delayed particles — 6% £+ %
Foergy eatimator S(600):
inleraction models, chenneal conpositions (p/Fei,
simulation codes. height correction.  +10% £12%
S{600] fluctnation

Total

18 %




fnergy conversion froin S(G00). The colummn “Single Particle™ describes Lhe delini-
tion of “asingle particle™ used in the evaluation of 5 (600), kach formula is evaluated
at the altitude given in the column “Altitude™,

Simulation  Single Allitude  Tuleraction  Primary E = ux 107 . 55(600)"
Caode Particle Model Composition a b
COSMOS  “electrons”  G00m QCDJET &) 2.03 1.02
CORSIKA  PH? . G00m QGSIETIS p 2.07 1.03
(vh.G23) Fu 2.24 1.00
SIBYLL1G6 2.30 1.03
Fr. 2.79 1.0
AlRES Hi 1;: e GOTm QGRIETIR b 2,7 1.03
(v2.2.1) [e 2,15 1.0
SIBYLL1G6 p 2.34 1.04

ke 2.2 1.02




Composition Analysis

Mo muon detection
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Detector

SEye
Detector concept

The Fly!




The Hy's Eye
detector (Utah) 1990 -1998
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| Absorption corrected

_ N,(X) < dE> d Yo

dX/!| dFE L)

dE
Eiﬂniza.tioﬂ = /dX NE(X) < dX>

Etm, — Eiﬂniza.tiun + By + E,u + Egmund

In principle less Model Dependence
In the Energy Determination




Energy Spectrum of the Highest Energy Cosmic Rays

Hires results:
¢ -2 astro-ph/
v T 0208243
! 0208301
GZK Cutoff

(Greisen-Zatsepin-Kuzmin)

pt+yeme S pta

E, z 10°" eV

Controversy



QUESTION:

Has the Discrepancy between
AGASA and HIRES
anything to do with

the behaviour of
Hadronic | nteractions

at High Energy 7
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Artists View of Hybrid Set-Up
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Planned for
the ISS

N EUSO telescope on ISS

e

Earth Surface ——




COSMIC RAY PHY SICS

Has matured
to become a subfield of

HIGH ENERGY | |yAsrorom
A ST RO F)H Y SI CS Gravitational waves



Astrophysical Observations
with Four Messengers

@ Photons
© Neutrinos
o Cosmic Rays (p,e, p.€’,...)

@ Gravitational Waves




Astrophysical Observations
with Four Messengers

< Nearly all the information
O PhOtOnS that we have about the Universe

obtalned with Photons

. History of Astrophysics
O N eUtrl NOoS Extension of the range
of observed wavel ength.

o Cosmic Rays (p,e, p.€’,...)

@ Gravitational Waves



Astrophysical Observations
with Four Messengers

@

O

O

Photons

Neutrinos«——

@ Cosmic Rays (p,€, p,’y...)

Messenger Properties
are a"Fundamental Physics'
problem

Gravitational Waves




Compton Gamma Ray Observatory

1991-2000




EGRET all Sky Map




2(1 SOUICES  Third EGRET Catalog
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Launch 2007

Order of magnitude
Improvement over
EGRET




Gamma- Detection of
Highvanergy Cherenkov (T eV Ry

gamma rays H EGRA
vl | CAT
&y Cangaroo

Parilcle = 10 km
Showar 1 i

MAGIC
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Discovery of several classes of
Astrophysical Objects (or Events)

Where particles (el ectrons and/or positrons)
are accelerated to UltraRelativistic Energy

AGN

GRB

SuperNova Remnants
MicroQuasars



NEUTRINO PHYSICS

@ Particle Properties

@ Astrophysics with Neutrinos
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3 type (FLAVORSs) of Neutrinos
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Dirac Particle

Majorana Particle




Neutrino T4 escopes Antares, Nemo, Nestor

Amanda, |ce-cube

Detection concept




Neutrino T elescopes

ANTARES La-Seyne-sur-Mer, France
( NEMO Catania, ltaly )

DUMAND, Hawan

NESTOR : Pylos. Greece (cancelled Y93

| cecube
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LISA - Interferometer in Space

NAUTILUS (CERN):
Aluminum cylinder,
M = 2300 kg,

T =0.1 K
Resonance frequencies:
908 and 924 Hz




COSMOLOGY




Heavy Elements:
0.03% | Quaryon =4.4+04 %

Cosmic Pie

Neutrinos:

Stars:

0.5%

Free H
& He:
49,

Dark Matter:
23+4 %

Dark Energy:
73 +4 %

Do = 1.02 £ 0.02




DARK ENERGY

DARK MATTER




IMPLICATIONS of the EXISTENCE

of COSMIC RAYSabove 10%° eV

Possibly Very Profound



TOP- DOWN Models

High Energy Cosmic Rays as DECAY products of
Massive "Exotic" Objects (Relics of the Early Universe)

Topological Defects.  SuperMassive Particles

domain walls




Nematic Liquid Crystals







WIMPZILLA's
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‘Phenomenology of QUANTUM GRAVITY ?!\

Effective speed of photonsin
guantum space foam

F
C(E]:C}{ (l—f?ﬂpl k—l—)

() ib)

At >~ (.06 &€ Egev 2 sec

High Energy Photons delayed



Rate (count/s]

SHORTEST GRB: ~6 ms
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—0.053 —-0.030 —0.045  —d.04 —0.035

Time (s since trigger) Bhat et al. 1992






The"BORING"
Conservative Solution:

Cosmic Ray are Accelerated

The GZK cutoff exists

isNOT "boring" at ALL !!



SOHO ELL
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Shock
Acceleration

O Taly 96 \ 2 Tuly 55 14 Iuls %6

of Cosmic Rays
IN the sun

L SOHO-COSTEREPHIN
ﬂ jh{b\ifiﬂ?ﬂh'[lﬂl"

1:}1EL‘.'1-'=?;'1'1'M; J\ : ) q

Tnensloe [em' ar s MeY "]

Hehu—n eV an b £ WeY
""“é_ul .]..1.”.'] L. '.l | Y‘M‘dﬁmm M“h’ﬂ““%i '.H

JI1Y R o 16 11 12 13 1a I5 1% 17
Fewr 1998




sUHU-ELL

Mechanism
reproduced at

MUCH LARGER SCALE
(size, magnetic field.
Velocity of plasmaflows)
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The Most Extraordinary
BEASTS

In the COSMOS

Supernovae
Gamma Ray Bursts
AGN

Microquasars






Trinity Test (1945)
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The formation of a blast wave by a very intense explosion

I. Theoretical discussion
By S (rorrrny Tavior, F.R.8,

( Recesved 6 October 1049)

SUMMARY AND TNTRODUCTION

This paper was written early in 1941 and circulated to the Civil Delence Rescarch
Committer of the Ministry of Home Security in June of that year. The present writer
had been told that it might be poszible to produce a bomb in which a very large
smount of encrey would be released hy nuolear fission—the name nlomic homb had

not then heen used—and the work here described represents his first attemnpt to form
an idea of what mechanieal effeets might be expected if such an sxplogion could veenr.
In the then common explosive bomb mechanival effscts were produced by the sudden
senoration of a large amonnt, of gas at & high teraperature in & cunlined space. The
practical question which required an answer was; Would similar eflects be produced
if energy could be released in a highly concentrated form unaccompanied by the
goneration of gag? This paper has now been declassified, and though it has been
superseded by more complete caleulations, it seems appropriate Lo publish 1t as 16 was
first written, without alteration, exeept for the omisgion of a few lines, the addition of
this summary, and a comparison with some more recent ex perimental work, so that
the writings of luter workers in this ield may beappreciated.
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GAMMA RAY BURSTS (GRB'S)
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BEPPO SAX X-ray satellite
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ACTIVE GALACTIC NUCLEI




CYGNUSA

VLA radio image
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Superduminal Motion in the M87 Jet
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HIGH ENERGY ASTROPHYSICS

A rich and Rapidly developing Field

Prospects for the FUTURE
of the HIGHEST INTEREST

Communication between different Communities
ISESSENTIAL

Multi-Messenger Studies
Photons, Neutrinos, Cosmic Rays, Gravitational Waves

Particle Physicists
Astrophysicists



The Cosmic Ray VICIOUSCIRCLE

Need good knowledge of
Hadronic Interactions to interpret
the Cosmic Ray Data

Energy Spectrum - Composition

Not knowing

the Energy Spectrum and Composition
one cannot use the c.r. data

to extract information about

Hadronic Interactions




Two Approachesto break the"Vicious Circle"

Baron of Munchausen
finding himself in a swamp
got himself out .... pulling hisown hair

Baron of Munchausen (Bootstrap) Method

Redundant M easur ements of Cosmic Rays

allow a determination of the

Energy Spectrum and Chemical Composition
together with a determination of the most relevant
properties of the Hadronic Interactions
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Second Approachto break the"Vicious Circle"
Build a Stair

Jack and the Beanstalk M ethod
(building a stair)

with experimental and

theoretical studies



NEEDS

(i) Precise measurements of o, and aiger.

(ii) Measurements of the ratio oaig/Finl.
(iii) Energy distribution of the leading nucleon in the final state.

(iv) Inclusive m spectra in the fragmentation region @y = 0.1
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QUESTIONS

(1) What is the importance of our knowledge of hadronic¢ interac-
tions in the determination of the er. Aux and composition in the
knee region?

(ii) What is the importance of uncertainties of hadronic interac-
tions in the determination of energy scale and composition tor UHE

(E > 10% eV) Cosmic Rays?

(iii) What impact can have present and [ubure experiments in re-

ducing these uncertanties 7
(iv) Can Theoretical work help in reducing these uncertainties?

(v) Can Experimental Cosmie Ray Shudies give valuable inforina-
tion on High Energy Hadronic Interaction?



