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As’cropa rticles: particles from astroph 5slcaL sources

Energles ReV ... MeV ... Gev ... TeV ...PeV ... BeV ... ZeV

Cosmle RAYS:

Photowns:

Neutrinos:

103 ...10% ...10° ...10%2 ...10*° ...10%% ... 103 eV
p, He, ... Fe, ... fuLng tontsed nuclet,
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Cosmic Rays, qamma Rays and Neutrinos are Linked

/V \
p,He,...Fe—> e*x + v +\/M
7t°
very difficult
OW% b!j \ to o?e’cect
el.mag. fields Yy
can't travel far

at high energles

Y and V travel in straitght Lines, L.e. point back at source.
CRs are deflected tn galactic and intergalactic
magwetic fields.



Hf Cosmic RAYS exist,
then also 'V and Y must exist
at stmilar energties.

BUL: can they be detected above backgrounds 2272

Y : 100-1000 X wore CoSMLE YrAYS
V : Low Linteractlon cross sectlon
atmospherlc neutrinos from atwosphere
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Extremee Bnergies ....
... Extrenae Bnvironments:

POWEr sources ?¢
Acceretion of matter onto compact objects
e.g. Neutrow stars, black holes, supermassive black holes
Explosions:  Supernova (SN), compact biwarg Mmergers
Rotation: rotating neutrown star with strong magwnetic field

generate relativistic electron-positron wind
How ? (all on charged particles)
Diffusive shock (Fermi) acceleration e.g. SN blast wave hits ISM

Magwnetic reconnection ? Plasma waves ?

Creation of gamma rays ?

TT° decay hadrownic primarties

synchrotron emission in magnetic fields

I'd rd I'd + _
nverse Compton effect } relativistie e™, ¢



Astrophysical Questions:

Oorigin : Where are they from?
How do thelr sources worke?
!dew’ci’cg : what are they?

Acceleration : How do they get their energy?
Propagation : What happens ow their way?

by wmeasuring their:
Energy spectrum
Composttion
Arrival directions



other astroparticles: dark matter
... also very Lnteresting,
but not topie of this talk.






Cosmie RA 55 (ave the primary particles)

relativistic, charged pa rticles, upto >102° ev
Ecr = Catartignt = Ecme = Buag = Eqas = 1 EV/ M

total: =10Y jin Galaxy

CRs are a major component of our Galaxy
must come from most violent places in the universe

gamma rays and neutrinos are secondaries



CoswLe RA 55:

Maiwn difficulties:

their charge: deflection tn magwnetie fields,
directional information

Largely lost

steep spectrum:  very low fluxes
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CR Mass compositiow
(tn eV range)

element and Lsotope compositiow
well known (for € < Gev)

29% p, 9% tte, 2% other nuclel
<1% electrons

“CRs are star matter”

~ ejecta from SN

sccowdarg/]arimarg nuclel:
~ 10 g/ava

wnstable/stable secondartes:
~ 107 years
(decreases with ~E°-2)

relative element abundances

cosmic rays
He Galaxy

Si

\L

Fe

‘\ A

+ Spallation

MBe

ooty oo ey e b e
5 10 15 20 25 30 35

Charge Z
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good agreement !
CRs are made from well-mixed wormal wmatter.



The currently favoured wodel:
Fermi Acceleration (15 order) itn shock fromts

oN/d

M
l

6—0.6 ~ 6—2.7

N

measured at Earth
"restdewnce" tlme

i galaxy

prime source candidates: SN=

frequent § powerful enough to account for observed CR density SN1006
magwetic field amplification (Up to Enax = Z 10%° eV) Chandra (2003)

low-energy CRs are galactic, RXJ1713 HESS (2004)
diffusing in gal. magwetic field  sn1006 ASCA (1995)

direct evidence ?

synchrotron § (C radiation
from

No conclusive evidence for
CR acceleration yet.

(hope for gamma-ray experiments)

I'|'1|I.'i||




Particle Acceleration Lin magwnetic fields
does really work ... e.9. Ln our Sun.

18 00:18

SOHO - Lasco



The power arguwment for SNR:

coswmic ray energy density: P = 1ev/em
cosmice ray "Lifetime: t = & x10° years

Gqalaxy volume: V = Tr2d = 4.2 x10% cm=

desdt = 0 v/t = 4 x10%® /s

Supernova rate: f= 1/ 30 years
kinetic energy of emission: €= 10** )
fraction in CRs: e~ 10 %

de/dt = fee = 10%* /s



... bbut other sourees could contribute too.

Nebula M1-67 around Star WR124 HST - WFPC2
PRCS8-38 « STSc! OPO « November 5, 1968
Y. Grosdidier and A. Moffat (University of Montreal) and NASA
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11 orders of magnitude in energy,
32 flux 1

CR are detected up to
highest energies: > 102° eV

Power Law with not muceh structure.
(makes it diffieult to tnterpret)

Owe process at work over the whole
energy range ¢2?



Differential Bnerg Y Spectrum: Flux x €
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Early Interpretation (~1970)

log Flux %/ enee

"escaplng
galactie"

ankle
/ GZK cut-off

e)m Loss due to
galactic \ CMBR

>

log) €




knee-Like ankle-like

cut-off sum of 2 components



"“The anatomy of the CR energy spectrum”  Flux x €2

All-pa rtiele spectrum

o~ -
1 |
N [ A second "Knee"?  GZK cut-off?
= 10 L A
~ C
> F gl
— —_ |
it L
x |
LT:I_ 1024 __ N
- s vV
. The "Ankle" @ 4x10** eV
1023 f_l L1 1 | L1 11 | L1 1 1 | Yy AN | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 1 1

101 1012 108 1014 101 1016 1077 1018 1019 102 104



The Knee ... ma Wy possLbLLLties: seen first in 1958

1. Acceleration Ln SNRS:

cut-off tn acceleration due to Limited B

Cuax = Ze By Lgee X Z 10%° eV Bell, Lucek
cut-off tn acceleration due to fintte Lifetime T of shock

Euax=~Z eB (TV) B o Z 10%eVv

expa nWsLown timee shock speed v/c

- Bt off X Z, Protons cut of at lower energies than Fe
- Composttion turns heavier at the knee

, , Fe
- No change tn antsotropy

variations of the diffusive shock acceleration possible:
.. ln SNR type and environments
... ln obligque shocks
.. freld amplification ...

all parthLe (obs)

Single source model ? a single nearby source

i SUM oVEer
dominates arouwnd the Rnee

MANY SOUYCES
nearb Y source
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3. Interactions of high-energy cosmic rays

- with ISM wnear source and during propagation:
Photo-disintegration (for nuclet),

Lnteraction with Vs in galactic halo?

- n atmosphere
change in hadrownic particle interaction ?
rapidly changing cross sections?
RGP?, wew physics? new particles?

- Bihreshold € A

- Composl‘clow turns heavier at kwnee
- No change tn awisotropg

s

)



Differential EMY@& Spectrum ¢

the energy Ls not measured directly,
but deduced from an observable quantity:
e.9. the signal produced by shower particles
Ln the detectors at ground level (s = f(€) ).

dN - dN ds
de ds de
destred measured S-€ relatlon

(can be quite complicated)

N: nuwmber of showers tn a certain aren
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Anlkle model: A.M. Hillas
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Transition gal - extra gal : at the ankle
Extra OOM‘POW&V\zt (B) needea (e.9. SN Ln strong precursor wind, 100x higher €,,x)



DI:‘P meoalel: V. Bereziwsk’,g
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dup oceurs naturally from pair production with CME.




C.Z‘ K Cu,t—OFf qrelsen Zatsepin Kuzmin

P 3K photon in lab
®o— <N
10%° eV JW\({}meV _SyStem
® <YWW IN p rest
0eV 300 MevV  system

e =
P+ Yy At —» D + :r|:° Y  Photo-pion

production
—n+a ™, Photo
— % 55
6Fe +y,, Fe +n dissociation

universe Ls opague for € > 5x 109 ev.
Spectrum cuts off (absorption of CRs from distant sources)



Bnergy spectrum.  Pierre Auger Observatory
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Awisotmpgj :

- Puffusion of particles in Galaxy, away from centre creates
a gradient (radial and in hetght) anisotropy expected = 107+

- Movement of Earth through a "CR gas" (Compton-Getting effect)

Earth around sun through gal. CrRs (30 km/s) ~5x10™
Solar system through extra gal. CRs (CM®B system) =& x 107
(650 k/s)

To measure small antsotroples reguires:
huwge statistics,
control of effects that could fake an anisotropy at 10= - 10+
(weather, stabLL'L’cg of detector, exposure, ....)
At high energles larger anisotropies expected, but statistics is poor.

Acve there any real (i.e. astrophysical) anisotropies?
e.9. from very nearby souwrces? local galaxy arms ?
strong magwnetic fielos? neutral CrRs?



Kinee § AnRle are clearly seew: wWhat are they ?

Many scena rLos ....

Ave the data correct ?
energy, Flux, Mass composition ?

How (and how well) can these be wmeasured ?
A stngle variable (e.g. N,) Ls not enouwgh.

Multivariate awaLgsLs: use many observables
(and thelr correlations)



ALr Showers and
Experimental Techniques
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\prlmarg cosmiLe ra Y: € m, 0, @

N

extensive air shower (EAS)

Tre e =
e

The Task:

measure "the shower"
to tdentify the
primarg CRs.



+ Particle MuL’chLLcatiow;

nstead of 1 particle (the primarg) one has to detect
a shower with ma nwy part'wLes scattered over a wide area.

much easter to detect !

- lndirect Measurements:

Deduce properties of primary Cosmic Rays from
the shape and particle content of the shower of secondartes.

- particles (e, ¥ , K, ...) at ground Level

- Cherenkov Light from charged secondaries (forwara)

- Fluorescence light from Lonised air (isotropic)

- Radio emission from charges tin Earth magwetic field (forwara)

for all: dewsitg, Lateral-, energy-, timee distributions

This Ls tricky: S/
Lt requires knowledge on how a shower develops /714( /
de‘pewdiwg on Lts primara, energy, angle, 96[0
“s,

hadvronle tnteractiom, ....



Alr Shower E)(‘perimewts

A

P, N, 7T : near shower axts
w, ey : wideLg spreaot

e, Y : from 7% W decays ~ 10 Mev
W : from 7T, K, ... decays ~ 2 Gev

Ney: Ny ~10..100 varying with core distance,
energy, mass, O, ...

~1000 g/cm?

Cherenkov and Fluorescence photons are
muceh more abundant

C&F Detatls alepewol oW

tnteraction cross-sectlons,
hadronic and el.mag. particle production,
deaags, transport, ...
at energles of MeV to 102° ev
well above man-made
accelerators.

Atmospheric Depth

Complex tnterplay with manu correlations
i plex interplay Y

N
©
\
T
+
5

v e*/

Electromagnetic Hadronic Muonic
Components

requires MC simulations




Longitudinal Development:
. fore,"/ and |L

Distributions at different heights...

A Ll

e,y

| | | | | >
0 200 400 600 800 1000

atmospheric depth (g/cm?)

the muon component LS nearly "calorimetric"



x 10

3000

2000

1000

Longitudinal Development:

particle

- p 1015V

- wmultiplication M/ 4

pa vtiele
absovp’ciow

N e ajerage

400 600

constoerable fluctuations !

(get smaller at higher energles)

800 1000
Atmospheric Depth (g/cm?)



g; . ‘_ 100 showers X - ] 1019 eV
Ow average Fe showers have - |
T
- higher 15 interact. and maximum I
(stnce Oj Larger) 5 L :
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Measure longitwdinal development via
flworescence (or Cherenkov) Light:

+ Xuax LS Very direct indicator for primaary mass
+ profile gives good energy estimate (model free)
- 100 duty cycle

- requires good resolution (« difference p - Fe)
L.e. Lt ils an "expensive" technigue.
(stereo and hy brid desirable, atmospheric monttoring)

p-Fe Lmpossible on event bastis, due to Large p fluctuations

Ch.light ts wmore difficult, due to very forward emission
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Lateral Particle Distribution. (~101° eVv):
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Sawmple Lateval distribution with aw arvay of detectors

Az avea of the array
determines the rate of high energy events recorded
(L.e. the maximum energ Y via Limited statisties)

d:  grid distance
determines the Low energy threshold
(small showers are Lost tn gaps betweew detectors.)
and the quality of sampling of the shower

Cqa:  Cost per detector
determines quaLLta, stze, e{ﬁciewcg, resolution, .... t.e. detail of measurement

ol For best ph gsios:
A: Large, o: small, Cy4: l/li@l/l
but cost rises with ¢,y A/d?

Always compromise needed.
How good Ls "good enough"?




Lateral Particle Distribution (= 10%% eVv):
«.An eVent,
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~ 101° eV ~ 10% eV

— \ ~
3 =
= i =
(W - o o8
e e clectrons 2 o
210%
102 §
= c
= v
E o
£ S 10%
e "
— L
;]
10 =
E 10 -
_ i -
1 1 1 1 1 l 1 1 1 1 l 1 1 I $ e e o e et R et | B ey J S T
O 50 100 150 025 05 075 1 1.25 1.5 175 2 225 25
core distance [m] Distance from shower core (km)
detector distance: 13 m detector distance: 1500 m

R52 sAa mpLes 11 sQa mptes



ldentifying secondaries is wot so easy ....

e/"y detector
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detector response is crucial
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Flux (/m¢ ssr GeV)

104 R
Dlrect Measurements:
10° balloown § satellite experiments
particle identification,
elements, Lsotopes
10
104 Alr Shower Experiments:
MAGIC, HESS, VERITAS, ...
102 Tibet, Milagro
KASCADE, KASCADE-GRANDE
1.|:|.-|ﬁ-
10720 Haverah Park, AkReno,
TeLcscope Avrra Y
104 HIRES
AGASA
- Auger
10-28 EUSO / oWwWL
1010 1012 1014 1018 1018 1020 ,
[ R | X100 in energy
LHC  Tewatron LHC EHEFQ';.:“ (EV) per experiment.

call.



Detection Teehniques 1

Particle detectors at ground Level
large detector arvays (scintillators, wire chambers, calorimeeters...)
only a small sub-set of secondary particles are recoroeol
(nuumbers of particles, densities, energies, angles, arrival times, ...)

e.g. area d coverage
Kascaole 0.04 Rm?> 15 m 1.5x1072
Haverah Park 12 Rm>
YaRutsk 25 km>
AGASA 100 Rm=> 1 km 2.5 x10°
Aunger Sb 3000 km> 1.5 km 5.3x10°

100% duty cycle, relatively easy to operate
aperture = arvea of array  (independent of energy)

energy resolution O(€)/€ = 30%

but:  primary energy / mass composition
Ls model dependent
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KASCADE § KASCADE GRANDI

~ 10 - 10%% eV ~1015 - 10V eV

Muon tunnel Central detector

200 m
\Electro nics station
Array cluster  Detector hut

Array of electron/gamma detectors
+muown detectors under absorbers

220 m> Hadrow calorimeeter (11 A,)
+ streamer tube detectors below (for muons)

+muon tunnel (for muons)




8.0 cm

1246 cm

— Al box

photomultiplier 1.5"

scintilator sheet

wavelenghf shifter

photomultiplier

47.5x 475 ¢cm

phkasic cover
~LED
L =
- silicon pad
wavelenght shfer
> -
lem

“i - ot b, - B AT e o __
Detektonstaton

electron/gamma detector
Pb/Fe absorber
muown detector
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largest array from 1993-2003
wear TokRyo, Japan

100 kRwm= area

111 x 2.2 m scintillators (o)

2F W detectors (M.eu > 0.5 Gev)



Auger detector:

14/04/2009 o

surface detector array: o ROt SR X

3000 Rm> RN e TS A .- .

>1600 water Cherenkov det. £ RO0000BRRER 13 s (00

10 m2each, 1.5 km apart X0 % RO AR, SRS (0

COMMUMEALONS P 0 (00 Oy Ot
anienna GESantenna o\e s qosofessnogPsescessnss;

M | e}y o doe e TR I T XXX Y
k)
aargue. o.o o. oooooooooooo

Los Leones

Electronics
enclosure Solar Panels ‘PLDI nned

with water

SX e IR - +-nk send data

12 mpe water

Battery box



Detection Techniques 2

Fluorescence of No molecules tn atmosphere, Lsotropic emission
Little absorption tn atmosphere, view also upper part of shower
calorimetric energy measurement as fet. of atmospheric depth

0(6)/E=20%
works only for € > 107 ev,  only n dark nights (10%)

requires good knowledge of atmospheric conditions
aperture grows with energy, varies with atmosphere

e.9. Fly's Bye, High Resolution Fly's Bye (Utah), Auger FD

Y — R R ?
°:]' 100t . =80% . ;
£ n 5 f:
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20 Ry ;."5';"., : § % moving with ¢
r';l"s".a" n, s 1_:' ! ':" o £ " '\ﬂ“ ; : ‘ d’
oL sz S at 30 R distance
0.25 0.3 0035 0.4 0045 0.5 e e e T T Tt T E R T M T R TR R T e TR B ]

wave length (um) ’ChYDngh atmosphere



FHYSICS LIERART READING ROt

The FLrst
Fluorescewnce Detector:

Cornell University
K. greisen, 1967

10 X 50 PMTs

EOXE° pi)(eLs
0.1 m? Fresnel lenses

(not successful)



Fly's Eye (utah)

2 stations, 2.4 km apart
101 mirrors, 1.5 m @
12-14 pixels each (PMTs)
5° field of view per pixel
operational: 1980-1993




The BLg Fly's Bye Bvent
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filter and Schmidt

L aperture with shutter,
| corrector Lemses
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~ 3000 evts/Yr with

Auger: unprecedented statistics <
,2 s E > 109 eV
and preciston

d

, angle of
/ incidence

:-—'r'j Oriol Detector:

covering 2000 km?
du’ca cycle: 100%

Fluorescewnce teLesoopes
24 Fps (30°x=20° each)

du‘cg ogaLe: 10%

l
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Array of 1600 water Cherenkov detectors |
l
I
I
I
[
I
|
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I

Better geometric reconstruction,
cross-calibration, control of systematics.

fluorescence detector
with fired photo tubes

1L L1 /1L [

N
>
g

Low-energy extensions:

HEAT § infill —_— '
E=10ev e P = o




golden hybrid event

3D reconstruction




Shower seen ba the

array and all 4 Fbs
E=F#x10Y eV

a “Platlinum HY byrid”




evew Larger: Space-based UHECR Expertments
e.9. Jew-BEUSO

Principle: "’ Focal bisne:
Fluorescence obs. - a0 picsle, 619 0,40
from space: 2

AQ =10% Rmi? sr

> 10% Bvents/ year
with € > 107° ev -

(50-100 x Auger)







NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky

PKS 15024108
()
Sgn Sun
October 30, 2008 August 4, 2008
PSR J183645825
. Geminga
i . PKS 0727-115
LS| +61 303 A % 'Unidenuﬁed o o . :
Vela ’
Crab
NGC 1275 ° . A
Unidentified
- 3C454.3 O
. 47 Tuc
o ’
»HEY MU
G . '
Space Tetscope Credit: NASA/DOE/Fermi LAT Collaboration

Satellite experiment: 100 MeV - 100 GeV

polnt sources, extended sources and diffuse emission, ...



MILAGRO
gal. pLawe

O EQRET sources

detecting
P rtieles
at ground:

few strong
sources
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lmaging Atwospherie CherenRov Tels

Cherenkov light tn atmosphere

very forward emission

Little absorption, view all parts of shower

only tn dark nights (10%)
basis of Tev gamma ra Yy astronomy (<100 Gev - >300 TeV)
requires good knowledge of atmospheric conditions

maging Atmospheric Cherenlkov Telescopes: -
e.g. HESS, MAGIC, VERITAS, CTA i
Light samplers:

e.9. Stacee, Alrobice, Blanca




Gamma-

Height a.s.]. [ km ]

| I | | I | I

=\
Gamma ("hpr‘enlkuv ]lighl | 95 Pl‘oton
L ” emission along
(0.3 TeV) particle tracks (1 TeV) .
Particle
shower
190 F 2
X
NS
| y
1 15 F . *_OA
&
¢
{ 1 10 -
'{'
- 5 = -
LA
| | . ! O .1 ] | ]
=200 0 200 -200 0 200

Core distance [ m ]
image the shower,
distinguish protons and photons from the shape of the images.
... very successful technicue
also possible to tdentify e and Fe



2010:

113 TeV sources * PWN = Whipple
- - ¥ SNR ® Durham
109 ACT dlscoverles 4 Unidentified | ® HEGRA
/72 Gal. / 41 EG m Binary B CANGAROO
~~~~~ ¥ Mol. Cloud m TA
¥ + AGN m HESS
M82 ¥ Starburst " MAGIC
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Gamma RAY Solkees

RX J1F13. 73946 A SUpernova revenant shett



HESS:
@ A L, Cé V\,‘tYe Supernova Remnant G0.9+0.1

HESS J1745-290 (The Galactic Centre)

CRs with
VM,OL OLD (/Ld < Emission along the Galactic Plane

Mystery Source HESS J1745-303
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Seilentifie Objectives:

Pulsars § PWN

Origin of the galactic cosmic rays

Also UHECR stgnatures

Role of wltra-relativistic particles in <~
in clusters of galaxies, AGN, Starbursts... "_,:M'Lcro X
The physies of (relativistic) jets and shocks IERSCERIT

Dark Matter annithilation / decag
Lorentz lnvartance violation

cosmie FIR-UV radiation, :

cosmic magnetism



AN obser\/atorg with = 100 telescopes.

Low-energy section

Medium Energles:
High-energy section

~24m teLescopes

A T &
. v

eneroles =300 TevV



Polnt Sowuree Sewsitivitg

NE Fermi T~
-11 ~
s ~«_Crab
> RN
() Yo
= | year/50 N
g \\ |
LLI N
A
I 1012 |
|L< HESS/VERITAS
10713 |
CTA
detailed sim. SO
1% Crab '~
10_14 L] ] | »
10 100 1000 10* 10

E [GeV]

5

arra Y “e” .

59 telescope config.
(analysis § layout
wot optimised yet)

£20M nominal cost



CTA expectation:

HESS —~500 h

CTA e)qbeo’catiow: >1000 SOUYCES



Different detectors for different purposes ...

EAS Observables: Suitable Detectors:
Number, distribution, —  -oeeeeeee arrays of scintillators,
fluctuation of electrons water Cherenkov detectors
arrival times or gas chambers

Nuwmber, distribution, angle, — --------- burted detectors,

energy, fluctuation of w tracking chambers
Number, distribution and — -ooeeeeees deep hadronie calorimeters

energy of hadrons

Number and distribution, —  ooooeeeees wide angle and imaging
angular distribution Cherenkov detectors

of Cherenkov photons

angular distribution, e fluorescence telescopes

of fluorescence photons

Depth of shower maximum — -eeeeeeees Cherenkov or fluorescence detectors






The Neutrino SRY so far:  (ewergies: Mev)

The Sun SN 198F A

few (<20) wneutrinos seen
bg =2 experimewts
during 10 seconds

L]

Super- K (Japan) image
of the sun using neutrinos



Potential neutrino sowrces
(galactic and extra galactic)

.. wherever energetic particles interact

€.9.:

SOAME SOUFCES \_‘ ~
as for gamma Micro-qm
mgs

Chandra

Binary syste .S “

but predicteo

\
neutrino fluxes u

are verg \U rernova Portrait (;1[[ Ty
uwncertatn. R




large detection volumes: e.g. air, water or Lce;
Cherenlkov effect to detect fast, charged particles;
deep underground to shield cosmic rays

Super Kamiokande AMANDA (south Pole) KM2-Net (Mediterranean)

AMANDA-B10

Optical
Module

HY divider

pressure
VAT b housing

silicon gel

dist. of modules: 0.5 m 20 m 100 m

threshold: 5 Mev 50 eV 200 eV
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lceCube

Lnstrument 1 kw3 Lee

lceTop: RO pairs of ice Cherenkov tanks

22/80 strings deployed
60 wmodules each

Amanda: 19 strings/ 677 mooules

compLetLow: 2011









Rates of Muowns / atmospheric Neutrinos

0 E

Neuwtrinos

1 TeV
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cos(1v)

UPWa vols dowwnwards
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Avre there sources strong enough ...
... to be unambiguously detected?
... to do neutrino spectroscopy?
... to do astrophystes with the sources?

Current (optimistic?) estimates for AGN:
2-4 neutrlinos PEYr Source L (ceCube

Unexpected super-stromg sources ?

s 1 Rm= bLg enouwgh ?
s current technigue usable for 100-1000 km= ?



Radio emission of showers L. lee:
Awntaretie Inpulsive Transient Antenna ANITA

balloon at ~37km altitude

cascade produces

UHF—microwave EMP antenna array

?/ on payload

earth

\.
\-
\.
-~

refracted RF 235
Ju‘"'

~700km to horizon

4

ice
cascade - } 1-3 km observed area:
______ o ~1.5 M square km
N Cherenkov cone

Cutaway View of Ice Sheet
Atlantic Ocean

Queen ll_laild Land
Weddell >

-y

o N s
-~ TFlightPath ~ & _ “u
;& - Enderbv Indian
South Pole {and : Ocean

“Antarctica £ @& / East
Marie B}rd{and ol ' /
e §

Ross
Ice Shelf

A'ntarctica ' -_' .. > | Rl N ¢ b 1st 'ﬂi«@ht (;2007.)
South . Victoria | v{'a"fﬁs [ ; *’ e 9 SULOOCSS‘ﬁAL,
Pacific Ocean R e £ Fand : > S T e b s

2 more to come,

> analusis ongoln
McMurdo Station 8 9 9




Summargz

- Astroparticle Physics is an exciting field.
- Highest energy particles are rave § difficult to detect

... but new e)q:erimewts (with lnereased semsitivity)
aim to detect these particle and tdentify their sources.
- The most-energetic CRs, gamma rays § neutrinos

come Likely from the same, most violent environments
Ln the universe.

(Multi-messenger approach for improved understanding)
- Ln Astronomy:
TeV gamma rays, UHECRS, Neutriinos

- Bright future with many challenges for
bright young theorists and expertmentalists.



Astropartiele Physies poses many puzzles.

The expertmental findings and theoretical Ldeas

do not (yet) form a coherent and clear tmage.
The situation may seem messy.
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Astropartiele Physies poses many puzzles.

The expertmental findings and theoretical Ldeas

do not (yet) form a coherent and clear tmage.
The situation may seem messy.

Swi,g’CS)
evod, uwnwd P \A
sxevew W W\’u;ssovvs (for ¥°
W

Expertments § analyses are challenging and
require bright Young students (i.e. You ?)
to answer some of the most exciting questions tn physics.



