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Cosmic Rays, qamma Rays and Neutrinos are Linked
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raolio infrared visible X-ray gamma ray
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TeV Gamma Rays

... another probe for the extreme wniverse

thanks to Jim Hintown for slides



Extrewe Bnergies ...
... EXtrenae Bnilronmeents:

POWeEr sources ?¢
Acceretion of matter onto compact objects
e.g. Neutrow stars, black holes, supermassive black holes
Explosions:  Supernova (SN), compact biwarg mergers
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 hadvrownic primarties

synchrotron emission in magnetic fields

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



Nown-Thermal Radiation
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Nown-Thermeal Radiation
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Nown-Thermeal Radiation
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Ganna Astronony) Bnergies

un-opened window
20 > E > 200 Gev

v

Satellites: Ground-based:
~ 1 m?= detectors ~ 10° m= detectors
E < 20 Gev E > 200 qev

1 MeV 1 Gev 1 Tev

"aLr showers"



CherenRov Technigue

Cherenkov angle = 1°
at 10 kw altitude

Shower pa rtieles absorbed

10-20 Rwm

Cherenkov photons ArrivVe
at ground within 10 ns
i Light pool of v = 100 m




Put telescope tn Light pool
to get shower tmage

eff. area = size of Light pool = 10° m>

image analysis gives: energy, shower
direction and background rejection

(L0*-10°x more CRs thaw Y-rays)

but: ch. telescopes have small
field of view (< 5°)




]brotow

| 100 - 1000 x
‘more abundant

more structure,
fluctuations
Ln CR showers
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Stereo VIew:
mueh iwq:roved

resolution §
backgrownd rejection




10 m Whipple Telescope
Mt Hop kins, Arizona

1968: Cownstruction

- multlt PMT camera
- tmage awaLgs'Ls

1989: Piscovery of
Crab Nebula
at € > 1 TeV
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MAGIC, La Palma

CANGAROO,
Australia
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HESS: Khomas Highland, Namibia
four 13-m telescopes, 960-pixel cameras,
5° FOV
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Science with VHE Gamma Rays

cosmic rays

SNRs

Space-time
& relativity

Pulsars
and PWN

Dark matter

Wide-Field Radio Image of the
Galactic Center

Ser D HII g

>
SegrDSNR g
SNR 0.9+0.1

SNR 0.3+0.0

Mouse
SNR 359.0-00.9

SNR 359.1-00.5

Inferred Structure of & Guasar

Jet

a—— Radlation
7

Afstion Disk Line Emitting Cloud

Massive
Diack Hole

AGNSs

GRBs

—
o

'
b
g
15}
?s
4~
<
2
o
o
-t
£
©
Q
<
S
=
3o}
[a]

Quasars

15 Time aft

Hydrogen and
Helium gas

o h,

er the Big Bang in 10° years

Cosmology




B e e e — —

I R I I

—_—————L -

o
<

whipple: Ccrab Nebula, first Tev source




_________________________________________:________________________________________J_________u'n

whipple, Mark Vv : AGNs (Blazars)




The Tev Sha HESS: galactic plane survey

many new classes of objects

LS 5039

RX J1713.7-3946

PWNe

SNRs
Unidentified
Binary systems
Molecular Clouds
AGNs

HESS J1303-631 Vela X
MSH 15-5 RX J0852.0-4622

L
>
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Supeww\/a R2menants

e.g. RXJ1713.7 -3946

Moow to scale

Purely non-thermal X-ray source

~1000 Yyears old, distance = 1 Rpe, dense environment?
Flrst Tev gamma-ra Y SNR (and first resolved tmage)
Closely correlated Rev/Tev morphology
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Compamon sfar
Relativistic jels

1k

with massive stellar companion) with radio jets. .
Compact abjec

al cembe

High-mass X-ray biwarg system (BH/NS

qalactic analogue of a quasar

Accretion disk

(SM‘P&YVW“SSL\/C bLUlOR l’lDLﬁ With\jetS) Ttraviclet and

Two objects of this class emit Tev gamma-rays: ik cnin S é -
LS 5039 (HESS) and LSl +61303 (MAGIC)

F. Microblazar

Micro uasar LS 5039

Periastron

Close b'w\,arg system: N
Period: 2.9 days, O-star: 25 Mo, Cowmpact object: 1.5-5 Mo ,
Separation: 2-5 Rx

Exhibits radio jet
jet with v ~ 0.2 ¢ aligned close to Line of sight (microblazar?)

Assoclated with EGRET sowrce? P=0.
A aSEron .

Iuﬁ*i';'ﬂr
conjugction

$=0.716

observer



Period:
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Spectral naodulation

Mintmum flux when

compact ob\jec’c s behino o-star

But energy dependant...
no modulation at 200 Gev,

maximum modulation at few Tev

exp(—7) at 300 GeV

90%

stellar radii

stellar radii

Modulation due to

accretlon rate or absorp’ciow ?
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C.@ L@ Qti’;@ Ce nwt Vé HESS, Nature 2006

Radio VLA 90 cm

SN 0.9+0.1
o7 e e

grav. centre of
owy qaLaxg
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untoentified source
HESS 1745-303

diffuse emission
from galactic disc



Spectrum of Sagittartus A
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Diffuse Emission

after subtraction
of discreet sources

< >
1 degree

Emission along the Galactic Plane
‘
Unidentified Source HESS J1745-303 ! H

.

CS Line Emlssion
(dense clowds)
smoothed to match
HESS PSF

Molecular clowds
glow L. Tev YAMIMA-FAYS,
belng bowbardead by

Molecular
Clouds

s

Galactic Latitude

cosuale ra Y protons and wuelel !




Pulsar wind Nebulae

K2(G313.3+0.6)

HESS J1303-631
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AGN: Blazars + M2#

outburst Ln 2006,
'Lw’cewsitg doubling in < 5 min !
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20 x brighter thaw the Crab Nebula.
The burst contained over 60000 gamma rays!

Allow limits on Ruantum Gravity effects from time lag
between high and Low energy gammas



lactic TeV astronomy

of AGN jets
of cosmological
lactic background Ilght (EBL)
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.. and mueh weore ...

Truly, a new window
has been opened.



§ poor imaging §
4 Limited resolution

R armgs:
all-sky capa bLLL’CH
Sl but high threshold




Milagro: SRY survey @ 20 TeVv ICRC 2007

Cygnus Region Mrk 421 crab

Declination {deg)

RA (deg)

Milagro: &.5 years of data: Crab: 15 sigma
HESS: 10 h: 0.1 Crab: 15 sigma
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Future of Gamma Ray Astronomy

GLAST: Lavunch tn 2008
many sources at <100 GevV

MAGIC 2: second 1F-m telescope
for stereo observations

HESS 2: 25 wm diameter mlrror
for Lmproved sensitivity at Lower energies

Cherenkov Telescope Array CTA (Ewuro 150M)
2 sites (N+S), arra Ys of different-sized telescopes
detect >1000 sources !



Not to scale !

Beyond H.E.S.S.
and MAGIC:

GIA

Telescope type Cost/Unit Units
Large (30 m class) telescope 10 - 15 M€ ~ 3-4
Medium (15 m class) telescope 2.5-3.5 M€ ~ 15-20
Small (<10 m class) telescope 0.5-1.0 M€ ~ many

Total ~ 100 M€ for general-purpose southern site
~ 50 M€ for “extragalactic” northern site



CTA Sewsiti\/itgj: see 1000 SOUYCES
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s Target
107 F  for next
generation
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The Tev gamma ray window
Ls wide opew. |

... with great views on the
most energetie objects
i the universe.



Newtrinos




The Neutrino SRy so far: (ewergies: Mev)

The Sun SN 198F A

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

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



Potential neutrino sowrces
(galactic and extra galactic)

... wherever energetic particles tnteract

€.9.: Y,

Binary syste Sm .
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uncertaLn.




Cosmic Rays, qamma Rays and Neutrinos are Linked

/ G V
0 | v
only charged Partiol,cs \ :;;%ti:fﬁOWLt
cawn be accelerated bg
el.mag. fields YY
can't travel far

at high energles

v travel tn straight Llines and are not absorbed.
at source: Ve:Vmu :Viauw =1 :2 :10°
at Earth: ve: vmuw :viauw =1 :14:1

but: probability of interacting in detector 1s small 11!



The Latversal Newtrine Spectrunt

1024 - flux (fem2 s-1 MeV-1)
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large detection volumes: e.q. water or Lee;
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

i HY divider
\‘H—- fIA———% pressure

1" " housing

silicon gel

light diffuser ball

dist. of modules: 0.5 m 20 m 100 m

threshold: 5 Mev 50 geV 200 eV



Neutrino telescope: Detection principle

| Cherenkov light
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Existing and future projects
NESTOR

ZE“KSDA KM3Net Baikal

Amanda/lcecube

Earth used as shield: worthern telescopes see
southern sky (and vice versa)



b s i g o SN )

lceCube / Amanda

L Antarctie lee Shield
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rRates of Muowns / atmospheric Neutrinos
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Awntares (prel.)

number of events

10

PN

[ T T TTITI

Downward going cosmic ray muons

g_ neutrino canc'lidates
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Avre there sources strong enough ...
... to be unambigously 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 ?

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



Detection of T neutrines
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NEUTRINO EVENTS IN ATMOSPHERE

FLUORESCENCE with Auger:
threshold > 10%% ev

V

€
quasi—horizow ’

E—

T

earth-skimming V
EARTH

T

T

o\

Ratlo earth-skimming / quast-horizontal neutrinos (t.e. Vi /Vau )
relates to v-N cross-sections and allows test of standard model neutrino productlow.




RadLo enaLlssiown of showers L leg:
Awntaretie lapulsive Transient Antenna ANITA

balloon at ~37km altitude
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2 more to come,
analysts ongoing
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Auger: no neutrino candioate
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SUumMmary:
- Astroparticle Physies Ls an exciting field.

- Highest energy particles are rare § diffieult to detect
.. but new e)qaer'umewts (with tnereased sewsitivitg)
can detect these particle and tdentify their sources.

- The most-energetic CRs, gamma rays § neutrinos
COMLE LileeLg from the same, most violent
enwvirommeents Lin the winlverse.

(Multi-messenger approach for tmproved understanding)

- LA Astronomy:

TeV gamma rays, UHECRS, Neutrinos

- Bright future with many challenges for
bright Young theorists and experimentalists.



