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T incoming gamma ray

electron-positron pair

= LAT images the sky one photon at a time:

i | y-ray converts in LAT to an electron and a
' |positron; direction and energy of these'
- | particles tell us the direction and energy of
= | the photon




1xx GeV to ~100 TeV — Imaging atmospheric Cherenkov telescopes
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Cosmic Ray Interactions the Moon surface
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OSO-1I1 1967-1968

The begin of galactic y-ray astronomy:

Galactic Plane Excess: Milkyway



EGRET —1991-2000

EGRET (>100 MeV)

e ~1.4x10%y, ~65% interstellar emission from the Milkyway
« ~15% in resolved sources



large scale spatial agreement o.k.

- assumption of dynamic balance* resonably correct
- fraction of unresolved sources is small (unless distributed like the
interstellar gas and uniform on a scale smaller than the instrumental PSF)

*dynamic balance between the
binding forces of cosmic rays, kinetic
motion & content of interstellar
medium, and galactic magnetic fields.
— the cosmic ray surface density is
assumed to be proportional

to that of the interstellar gas
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Il i, i A different approach:
: W 'ﬁw IW%' Solving the CR transport equation
_ 4 M Cosmic Ray propagation model
T r Wigar:
it MW‘L”“*'"J'ﬁhuﬁ;ﬂ.mm..«w.-* (e.g. GALPROP)




large scale spectral agreement only somewhat o.k.

* |C, electron bremsstrahlung, and nucleon-nucleon interaction (n°-decay)

components confirmed: “pion bump* seen
» strong correlation of y-emission with Galactic structural features

HOWEVER:
A A GeV excess left room for

EGRET . _ _
I
galactic diffuse Interpretat|on & SDECU|atI0n.
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1. Hard nucleon injection spectrum?

2. Hard electron injection spectrum?

Excess

/ ] 3. Atypical local p and e spectra?
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4. Imperfect knowledge of =° production _

5. Unresolved GeV v - ray sources

ID-II‘!_

6. Prosaic: Instrumental effect

7. Exiting: Manifestation of dark matter!
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When you have eliminated the impossible, whatever remains, however

iImprobable, must be the truth. Sherlock Holmes
T ----- Dark Matter » EGRET . o .
G| e wseens | SlgNature of DM annihilation
w - Inverse L.ompton —— 5|g=na_ o
E e (de Boer et al. 2005)
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... but met criticism early on:
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B. Moore:
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Proposed DM profile is unstable for considered
timescales.
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Bergstram et al. (JCAP 0605 (2006) :
Proposed DM overproduces antiproton flux (by factor 50-100!)
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Solar modulation: 610 MV
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EGRET GeV excess iIs not seen in 10°< |b| £20°, thus not an
universal feature at gamma-ray sky

— Standard CR interaction models adequate (which do justice to
locally measured CR abundances, sec/prim ratios)

— Fermi/LAT errors are systematics dominated, estimated to ~10%



IReBRVentional CR interaction physics!

S liffuse g-ray sky onmymLd 1y
edge of pp zoprod-

IRGE\/ v - ray sources
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Instrumentakeffect
Bcharged particie background f(E)
8elf-veto due to monolithic cal —A 4




Gamma-ray instruments hunting in CR territory:

& z

CR Iron abundance by H.E.S.S.

Proposed by D. Kieda et al.
Detect heavy nuclei owing to their
Direct Cherekov light signature

= 30 km

DC-light ~ 2 EAS-light ~ E

(= 100 times more

Shower

direction ~ 100 m



Gamma-ray instruments hunting in CR territory:
CR Iron abundance by H.E.S.S.

‘ug—‘ HESS QGSJET (Z>24

E 10" e JHECSEES('ZBLLTL;“—;’”’] particle interaction model dependent
; 2 Iohimura i al. (2525) — Estimate uncertainty by using

E ﬁ J( SIBYLL 2.1 and QGSJET
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» Good agreement with other experimental results
» Most precise measurement of the Z > 24 spectrum at 13...200 TeV
» Future extension to 1PeV and composition measurements possible

» Direct Cherenkov light detection works!



e masrayinstruments hunting in CR
(eYyitory: e |)(JC1il’UI"i’i by HEJ‘_}

H.E.S.S. has measured cosmic-ray
electrons between 340 GeV and 5 TeV

Systematic uncertainties include
atmospheric variations, uncertainties in
hadronic interaction models and H.E.S.S.
energy scale uncertainty
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ATIC
PPB-BETS
Kobayashi
e H.E.S.S.
rl - 30 H.E.S.S. - low-energy analysis
[ ] Systematic error
FZ = 4 l [ ] Systematic error - low-energy analysis

Broken power-law fit

Energy (GeV)




rammaray instruments hunting in CR
IEYTILoYY: e +e spectrum by Fermi

seventsiorere analysis required to
rallFACDIVeteesHior selecting y events;

resulting y.contamination < 1% | AE+15%

sfurther cuts distinguish EM and
hadron events; rejection 1:10° up to
200GeV; ~1:10%at 1 TeV
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ATIC

PPB-BETS

Kobayashi

Fermi

H.E.S.S.

H.E.S.S. - low-energy analysis

Systematic error
[ 1 Systematic error - low-energy analysis

Fermiand PAMELA e*/(e*+e’) data might require Broken power-law fit
a new high-energy positron source

Energy (GeV)

> (e.g. pulsars) injecting required amounts
of ef and e, injected spectrum & efficiency are very uncertain

> even standard can have many stochastic realizations

>

e annihilation; requires boost factors (either density or ov)
s decays;



1gro’s Surprising CosmICRAyIATIISOWLIIY,

Declination (deg)
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ocalized anisotrbpy on 5-10 deg size scale with a fractional excess up
e-4 above the cosmic ray background (15 o)

ess is not gamma rays, but (7 o)
rent spectrum than cosmic rays (4 o) that is harder up to ~10 TeV
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Search Technique

advantages

challenges

Galactic
center

Good statistics
Uniquely studies location

Source confusion
Non-DM astrophysics
Diffuse galactic emission

Satellites,
Subhalos

Low background
Chance for unique ID

Low statistics
Accomplish ID

Milky Way
Halo

Large
statistics

Diffuse galactic emission

| diffuse

Lines

Extragalac@l ? Large

Statistics

Non-DM astrophysics,

Diffuse galactic emission
as foreground

No astrophysical
uncertainties

Unique source id

Low statistics
Parameter space




Energy Flux n° decay

A

E,(keV) = 4 (B/AMG)(E /10TeV)?

Radio IR/Optical X-rays y-rays VHE y-rays
E.(TeV) ~ (0.05E,)?
Neutral pion decay:
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Cosmic particle accelerators: ground-based Cherenkov astronomy

Stunning diversity of y-ray sources between 150 GeV and 50 TeV !

(Kes 75)
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Supernova remnants (SNR’s) are
suspected to be the main accelerators of
galactic cosmic-rays up to the knee

¢

¢

prove that
electrons are accelerated up to 100 TeV
and indicate the shock position.

SNR’s are
— no clear detection at GeV sky

Ground-based Cherekov telescopes
provided of several
prominent shell-type SNR’s

SN1006, X-rays
Chandra

>

ApJ 589 (2003) 827
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 Tight keV-TeV correlation
* No tight correlation with molecular material

* Inverse Compton implies (too?) low B-Field
* Spectral shape

In the hadronic scenario,



Some older (T>10% years) supernova remnants are
detected by their interaction with a nearby molecular cloud

y : E . n NANTEN."%(}(.J_ﬂ-o] 1.1::20 km/s
The VHE y-ray signal coincides § sl R e
with the [ "0 |

not with the radio shell.
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Molecular cloud

Massive star

No acceleration
expected until...
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SNR shell
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Colliding wind sys.

(e.g. Eta Carinae)

e.g. LS 50397

Microquasar

PWN

j : ' Yes | Active cloud
Molecular cloud
A ' Nearby accelerator? e.q.Sa ittariug
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| 9 | Passive cloud
Massive star \ (e.g. galactic diffuse)
In cluster? — , ,
. v Ves Cpllectlvg wind
Binary? %‘ No Interacthns ..
/Yes No acceleration
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' Neutron star e.g. Westerlund 27
co'\r/rllazsr:\i/oen? companion? ‘/ )\T
: ' ves NoO l "\ [ Neutron star remains?
v Blnary PWN ] /No \Yes
es ‘ — — SNR shell
R Radio jets* Composite SNR
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Skilton & Hinton
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Molecular cloud

Active cloud

Yes

\

Nearby accelerator?
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Particle Acceleration iIs common

In nature and TeV emission can

be used to probe a wide range
of astrophysical systems!
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TeV Pulsar Wind Nebulae

N /\\__,! ; 4 o
{ & T
PSR 81259—63 L i _v"‘\_,‘.__‘p. =
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« Many known X-ray PWN now identified as TeV emitters
and almost all of the highest spin-down power radio
pulsars have associated TeV emission

« Efficient particle accelerators

« May be easier to detect in TeV than keV ?
« Integration over pulsar lifetime for TeV electrons (less cooling)
« TeV instruments sensitive to more extended objects
« no confusion with thermal emission
« Many of our unidentified sources may be PWN




0 pulsars (Including 8 msPSRS)

¢) oulsars discavarae Usinie) felelie)r el

PUISArSTdISCOVEred In vlinadisearcn

milliIsecond pulsars discovered using radio epnemeris



| aza; Key Questions

Fermi’s dominant st

ar (particularly for high

xternal photons)

Proton-induced
cascade

or all wavebands (completely
r simplest leptonic models)

k
‘Biaek - Inverse-Compton
Shle’ ' scattering

External pressure, magnetic stresses

m Effect of blazar emission on host galaxies and
galaxy clusters



Starformation & Cosmic Rays - YES!

30 Dor | CRATES J060106-703606
e

|n LMC ) + _,""30 Doradus
by Fermi

Galactic latitude (deg)

252 B NASA, ESA, The Hubble
- Heritage Team, (STScl / AURA)

> CR storage over cosmological time scales;
> CRs, AGN and DM annihilate

m-! g1 I

No easy pick for gamma-ray astronomy,
...Still upper limits:
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Ouilook for the photon messengel

— Ferml continues measurlng the GeV sky WI "
. _unprecedented quallty

— resolve O(1000) sources, spiral-arm structure, individual
molecular clouds, local group galaxies, continues indirect
DM searches ...



Quo vadis, European jray astroparticle physics?

Completing major upgrades in current Cherenkov experiments!

MAGIC: 2" telescope up — stereoscopy to overcome background at E, .

H.E.S.S.: Large center telescope — increase A« + lower E;, ..

advanced photodetectors for a next generation camera




ray astroparticle physics? ~ya%
. S CTAR

atured, thus thrust
kov observatory

Ing design parametersTor
sed on MC simulations

collaboration,
pokesperson

s Part of the ASPERA and ESFRI
roadmaps

e Aim to build a prototype by 2012



Low-energy section

Core array:

Connect to
richness in
lower
waveband

General R
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HESS-like - HESS exposure - HESS sources

. . b

CTA - Flat exposure - Population

. o L

Simulation of central galactic ridge




