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Cosmic rays

Discovery:
Victor Hess 1912
(Nobel Prize 1932)




A detectlve story in scnence

The case; | . .
A 90-year mystery -
the orlgln of Cesmlc Rays
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What do we know about cosmic rays ?

A They consist mostly of atomic nuclel,
like those found in the sun



What do we know about cosmic rays ?

A They consist mostly of atomic nuclei,
like those found in the sun

[@ They cover a wide spectrum of
energies; the highest energies
are 100000000 times higher
than those of the largest man-
made accelerator

@ They cover the whole sky
more or less uniformly ... they
come from everywhere




Why do we care 2

The sources of cosmic rays
must be some of the most
interesting and most violent
objects in the Universe

Exploding stars: Supernovae
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Cosmic rays are
“responsible” for th
evolution of specie




Why do we care ?s

Cosmic rays are
“responsible” for the
evolution of species




'. Why is it so dlfﬂcult
to spot the orlgms of Cosmlc Rays ?-
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| Ma_gnét"i"é."f‘ieflds bent-particle tracks !
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ThlnkI

What objects could be cosmlc accelerators ? '1- %
Are there other ways to find them ? - e

ey
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T. Tezel

Supernova 1006
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Galactic accelerators: Supernovae ?



How might such cosmic accelerators work?

Man-made accelerators




How might such cosmic accelerators work?

Man-made accelerators

No. of particles

v

Energy



How might such cosmic accelerators work?

Man-made accelerators Nature’'s accelerators
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Galactic accelerators: Supernovae ?

=>» Image the source using neutral particles
=» Astronomy with gammas and neutrinos




The spectrum of electromagnetic radiation:
from radio waves to gamma rays

_“ Visible light encompasses
long short one octave in wavelength
wavelengths

.. but the spectrum of electromagnetic radiation
from space extends over more than 70 octaves ...

el

... which means that Nature is playing a 15 m long piano ...



Infrared images

NASA/PAC




Radio waves
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X-ray
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Radio Infrared Visible Light X-rays Gamma rays
(eV)
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Radio Infrared Visible Light X-rays Gamma rays
(10° eV)
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Radio Infrared Visible Light X-rays Gamma rays
(107 eV)
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Radio Infrared Visible Light X-rays Gamma rays
(10° eV)
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Radio Infrared Visible Light X-rays Gamma rays
(10° eV)




Gamma
= 10" eV)

(TeV

from the Crab Nebula

Whipple Cherenkov Telescope

1989
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Detection of
TeV Gamma
Rays

using Cherenkov
telescopes



Cherenkov light

is the equivalent of the sonic boom




Systems of
Cherenkov
telescopes



Air showers look
a bit like meteors

(from Sky & Telescope)



The HEGRA Teleskopes on La Palma




The HEGRA Cameras




Key feature of camera: speed !
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Very high energy gamma rays from Supernovae ?
The HEGRA Galactic plane survey

old Supernovae
. In survey range

60 Supernovae investigated
No gamma signal found
Sensitivity should have
been (just) sufficient
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Supernova 1006

X-ray image VHE gamma-ray image
(ROSAT) (CANGAROO 1997)
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E - : _ur:f_muumummmmﬂmmmﬂm
This supernova is clearly a cosmic accelerator!

+
But it seems to accelerate electrons (rather than nuclei) ! :
Have we found the wrong accelerator ?7?7? ]
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1999: Supernova Cassiopeia A detected with
HEGRA (232 h exposure)

Again, a double-humped
spectrum ...
Equal amounts of energy in
X-rays and high energy
gamma rays ...
but ... this object should

® have a very high magnetic
field!

-760 - 103 yr MS star

Type Il SN
(Animation: G. Puhlhofer)



The acceleration of cosmic-ray
protons in the supermova remnant
RX J1713.7-3946

R. Enomoto”, T. Tanimorif, T. Naito:, T. Yoshida$, 5. Yanagita$, M. Mori~,
P. G. Edwards||, A. Asaharaf, G. V. BicknellY, S. Gunji:, S. Hara::,

T. Harai, 5. Hayashi**, C. Roh$, S. Kabuki*, F. Kajino**, H. Katagiri*,
J. Kataokaf, A. Kawachi®, T. Kifunei, H. Kubof, J. Kushida-,

S. Maeda* ", A. Maeshiro**, Y. Matsubara:i, Y. Mizumotoss,

M. Moriya+, H. Muraishi||||, Y. Murakiiz, T. NakaseY Y, K. Nishijima Y,
M. Dhishi*, K. Okumura*, J. R. Patterson:#, K. Sakurazawa-', R. Suzuki®,
D. L. Swahy:#, K. Takano-:, T. Takano#, F. Tokanai:, K. Tsuchiya“,

H. Tsunoo*, K. UrumaY Y, A. Watanabe: & T. Yoshikoshi:

* Institute for Cosmic Ray Research, University of Tokyo, Kashiwa, Chiba
277-8582, Japan

RX J1713.7-3946
CANGAROO 2000/02

letters to nature
|

molecular cloud complex'™.

The CANGAROO air Cerenkov telescope, which is intended to
detect very high energy ~-rays, is located near Woomera, South
Australia. The 3.8-m telescope’, which operated from 1994 to 1998,
was replaced in 2000 by a 10-m reflector with a 552-pixel camera
of 0.115° square photomultiplier pixels. Observations of
RX J1713.7-3946 were carried out 23-26 July and 19-27 August
2000, and 20 May-26 June 2001 with the 10-m telescope. After
selecting data taken at high elevation angles (>=607) in good weather
conditions, a total of 2,332 min on-source and 1,789 min oft-source
data remained for further analysis.

The differential fluxes of ~-rays from RX J1713.7-3946 are
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No question,
Supernovae are cosmic accelegators

But are they THE sourges of.cosm
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A Find more objects

=) Built better instruments



CANGAROO Il



The H.E.S.S. Project
High Energy Stereoscopic System
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Progress

First detection of Crab Nebula
Whipple 1989: 50 h Observation time

HEGRA 1997:
15 min

The new instruments:
30 sec













International Cosmic Ray Conference




Sillok

JO

s Supernova

Kepler’

1604




1572: Tycho's supernova
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Particle Flux

The flux of
Cosmic Rays

One particle per
m?2 and second

@ Energy scales

@ Flux scales
One particle per

m2 and year @ Composition:

mostly atomic
nuclei

One particle per
km? and year

Most powerful
man-made
accelerator Kinetic energy of 1 gram
of these particles
provides world energy

supply for 1000 years !
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