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LPNHE/UPMC

An experimentalist point of view
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2 107 %% > What and where are the sources?
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2" o > How do they work?
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» Are the particles really accelerated?...

» ...or due to new physics at large mass scales?

» And how do cosmic rays manage to reach us?
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Millime trigue
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GammajRroductionlinfCosmicJA'ccelerator,

protons/nuclei
electrons/positrons

radiation fields and matter



RrobingithelNonthermallUniverse

protons E>1019 eV ( 10Mpc)
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qammas (Z <1 )

rotons E<10]g E,‘V




VI EWAStionomy;

Pulsars  Micro quasars ~ AGNs
and PWNe  X_ray binaries
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Origin of
cosmic rays & relativity Cosmology
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Dark matter




Wiy ere ness Seuress So MperEnt ¢

O Astrophysics

o Probing the highest energy physical processes
occurring in different objects (SNRs, ...)

o Origin of cosmic rays
O Astroparticle Physics

o Indirect search for dark matter

o Search for energy dependence of the speed of light
break of “Lorentz invariance”

o Cosmology

o Indirect measure of the Extragalactic Background light:
help us to understand star formation history
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lihel€eienkovalechnique

gamma ray hits atmoshpere N
(detection medium) photomultiplier image

l air shower
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The Carenley Tedhnicques Wikh Stareeseep)y

gamma ray ¥

v" Angular resolution

v Energy resolution

v" Background rejectic
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High Ene@gﬁereaseopic System
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an Array of 4 imaging Atmospheric Cherenkov Telescopes,»
since 2004 (Namibia)

= ® Philippe Plailly
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_ HES.S. (phase I) Character

e Four-Telescope network b
- Sited in Namibia: 23°S, 15°E, 1800 m atltud"
- Telescope separation: 120m ; k)

1 2y W
Gomsberg-« e TN
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. Telescope Structures %"%éf.:&, ;

- Mirror dishes : 4 x 107 m?
- Diameter: 12 m, Focalles

« Cameras | | e
- 960 phoyomultiplier pixels o ;«f* i |
- Pixels of 0.16° (2.8 mrad) |
- Wide field of view: 5° 3 |
- Fast trigger coincidence 1 f

3 - 16 ns integration win ye
4 Threshold : ~ 100 GeV



System Parameters
.Energy ;J_.j; reshold 100 ey

Energy Resolutlon ~15% -

~ Angular Resglutlon 0. 05° 0. 1° |

v Pointing Accur_"’:'f__{'_..! ~ 10 arcsec
Signal Rate '_ ' §5Y/m|n (Crab Ilke)
Background Rate:'"" 400 Hz }’
Sensmwty I eSS

1 Crab in 30 sec
0.01 Crab in 50h

(All at Zenith) and 1 Crab = Crab Nebula Flux=2.3 10" cm® s (>1 TeV)
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Mumber of VHE Galactic sources
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Discovery date (Renaud 2009)
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LIPNIFIE exciiviides

Space-time & Relativity

Dark Matter

JP.Tavernet
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Limfies en Queniim Crevity cnengy seala

O Some models predict a violation of Lorentz
invariance (LIV): the speed of photons

depends on their energy AR g£ + (2 )
Ep Lp

El > t >0 (At=1 -

: Propagation
| Propagation offect
) Source effect

eyl ppepeiperepmne S}



Testing (LN

o If two photons are emitted at the same time, they
detected at different times:

O Increased with redshift
O Need of variable and distant sources: GRBs, AGNs
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PIKS 2[99-80%: i 2006 anel LN

S U bjw- b
, 2 AV (W}
O Extremely bright ! ='W ¢ ®
LW +
flares E i*:* *
L5 +i L
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Tiere - BIOS3S4E F [min|

O No differences (time-lags) between light-curves
in different energy ranges was found:
Mog > 2.1x10'8 GeV (€ < 5.7)
MigG > 0.6x10' GeV ({ < 3.6x10'6)
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Deark MaEzar annivikdden

N-Body simulation : hierarchic structures
T R e~

~ . & © and clumps
< Pt .

2. 29

Proprieties :
- * ov =102 cm3s’! (thermal decoupling)
Nl + M=1GeV—120TeV

Annihilation :
.’_____‘_a-'-*
mmp [Processus de +

fragmentation — — 0c¢

Kuhlen et al, 208



Bl 0 Galaxies cluster (far !) Whare ¢

O Galactic Centre (Astrophysics
sources)

- o Dwarf Spheroidal Galaxy

.*' o Clumps (plenty of but where ?)

PN o Diffuse emission (How ?)
- FRIF Retreat Meeting 201 | JP.Tavernet



Dwar sphereidk] Calksdes

Sculptor
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walker et al., 2087




Piatek et al., 2003
1

L Density profile :

® NFW97 : r_= 0,54 kpc
p,=4,63-10" M_kpc?

walker et al., 2087

@ 150 : r.= 0,22 kpc
p,=1,36-10% M_kpc3

Wilkinson et al., 2086
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So what next???



FLESS: Fhesa I

o Mirror 600 m2 (6™ H.E.S.S. 1)
O Expected energy threshold 10-20 GeV
o First light in mid-2012 (Prob. 99,99%)
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il- 5 0] TonneEs

1 Haartesur - 50 m

1 Focal= 35 m

1l Mircir parabolgue -~ S00m
I- Struchure en acier
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AYplanfoffa¥flitlne)/AGINexpetiment:

2 arrays: north+south
- all-sky coverage core array
100 GeV-10 TeV
- ~ 40 9=12 m telescopes
low energy section
Etrec, ~ 10 GeV

R o=23 3 m telescope

high energy section

(T vedinn s L 277 bl




ExpEctedISEnSitiVity,

Jogd
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", 10% Crab

AGNSs, Pulsars - oc(AT) 1

GRBs Cosmic ray sources
H.E.S.S &-. Knee in gamma

oc(AT) 112 ?

| Sim L 1% Crab "
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HESS map of the Gal.plane, total exp ~500 hours

L . [
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simulated CTA map, flat exposure ~ 5 hours/field
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O Assumptions
*2 improvement in hadron rejection
*2 gain in angular resolution
*10 gain in effective area
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s cheiefalickalfewachallenges

O Factor of 10 in sensitivity with factor of 10 in
funding

O Find an optimized array layout , that has the
required performance

o Optimize designs for effective production and for
stability and high reliability

O(50-100) telescopes
O(10.000)m? mirror area
O(70)m? photo sensitive area
O(100.000) electronic channels
O(100)M<€funds
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Signell Reedleout ane Camers IHgger

Different options exist :

O neCTAr proposition (LPNHE, IRFU Saclay, LPTA, Univ.
Barcelona)

o analogue memories (I GHz sampling)+ADC

NECTAr: test board for Gbit ethernet transmission

———— : -
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Timafine er ClA

36

design study  fp7 prep. phase

06

07

Site exploration

Array layout

Telescope design

Component prototypes

Array prototype

Array construction

Partial operation

... a little optimistic ??

conceptual
design report
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@oncllisions

o VHE astronomy is a well-established field of astronomy:
spectrum, images, light curves

O One can do cosmology, astroparticle physics with VHE
detectors

o MAGIC-II, H.ES.S.-ILVERITAS, CTA (future)
O NumberVHE sources is approaching 100

O Galactic sources include PVWN, SNR, helps our
understanding of the origin of cosmic rays

O Extragalactic sources include AGN and radio galaxies
(and starburst galaxies), GRBs are yet to be detected

o Still waiting for detection on Globular clusters, Dwarf
galaxies, ...
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Thhe LY Meiheel

¢ Method used by Lamon et al. for INTEGRAL and by Martinez and Errando for MAGIC
o We use the following form for the probability density function:

> where ['(Es) is the emitted spectrum, G(E-Es, O(Es)) is the smearing function in energy,
A(Es) is the acceptance of H.E.S.S. and Fs is the emission time distribution .

- The likelihood function is then given by the product

- over all photons in the sl:udled sample
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