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if Cosmic RAYS exist,
then also Y and V must exist
at stmilar energtes.



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 straight Lines, L.e. point back at source.
CRrs are deflected tn gal. and intergal. magwnetic fields.



But:

can Y and 'V be detected above backgrounds ¢¢°¢

Vi 103-10% x more

V : low tnteraction cross section
atmospheric neutrinos from atmosphere
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Ferml - LAT
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NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky
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... many old and new gamwma ray pulsars
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Fermi data reveal giant gamma-ray bubbles

The FermL Bubble

... @ remnant of
recemt ac’ci\/i’cg

of our galaxy

Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.

X-ray emissions

Milky Way
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\prﬁmarg particle: € wm, 6, @

extensive air shower (EAS)

The Task:

measure "the shower“ |
to wlewtufg the
pnmarg CRs.



10*2 eV Y ray vs hadrowie showers

Y ray proton

more Lrregular
MUown content i
long. development




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, — ocoeeeeee wide angle and

angular distribution Lmaging Cherenkov detectors
of Cherenkov photons

angular distribution, e fluorescence telescopes

of fluorescence photons

Depth of shower maximum — -eeeeeeees Cherenkov or fluorescence detectors



ldentifying secondaries is wot so easy ....

e/"y detector

absorber

U detector

detector response is crucial



ldentifying secondaries is wot so easy ....

e/"y detector

absorber

U detector

detector response is crucial



Gamwma ray sowrces can be detecteo

Lf they emit so many photons that the
number of particles from this direction
stands out of the background.
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Tibet AS Gamma 4200 m.a.s.L.




MI:LQQ Yo 2650 m.a.s.l.
New MexLeo

0 M X 60 v water powd
L Mm aleep.

Detect shower pa rticles via
Cherenkov Light L water

PMTs n 2 layers for
el.mag. and muons.

Look for excess:
OAVAAA SOUYCES

27 sky VA,




scintillation counter

lead (Sroua) scintillator
light pulser

photorulaphier

0 cm

AIROBICC counter

}ght cone

LED filter

H

phuotornuitplaer

Hegra, Atrobice
La Palma

seintillator array
Muown detectors
Cherenlkov counter



poor Y- hadrown separation
VA muon content or particle pattern at ground

Y sowrces detected by excess counts
from one direction

sources: Moon, Suwn shadow
Crab nebula

few strong ¥ sources



Moow. Shadow ... calibration of direction reconstruction
E=Tev
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MILAGRO
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the most sensttlve tech wique:
see Razmick’s Lectures.

CherenRov Telescopes

primary produces shower of secondaries
secondaries produce Cherenkov Light

very forward emissiown, Little absorption,
view all parts of shower
only in dark nights (10%)




Y rays and Coswie Ray bae

Cherenlkov
Light

Cherenkov
Light
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(mage the shower,

distinguish protons and photons from the shape of their tmages.
... very successful technicgue

also possible to tdentify e and Fe
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stereo observations



ALr showers Look
lLlee mieteors




lmaging Cherenkov Telescopes

Tev gamma ray astronomy (100 Gev - 50 Tev)
requires good knowledge of atmospherie conditions

maging Atmospheric Cherenlkov Telescopes:
e.9. HESS, MAGIC, VERITAS,




HESS, NamtlbLa
detects Crab
L 20 seconds

1% Crab tn 25 h
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4 x 12m telescopes ,ﬁ:;
X 5° FOV, 0.16° '
960 pixets
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2010:
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SUpernova remmnants:
MLeroguasars:
Pulsars:

Galactic Centre:
Galactic Survey:

Starbursts:

Actlve galactie Nucelet:

ceel:

Dark Matter:

Lorentz lnvartance:

Cosmic Ra Yy Electrons:

TeV Astronomy Highlights

Nature 432 (2004) #5

Sclence 309 (2005) F46, Science 312 (2006) LFF1
Sclence 322 (2008) 1221, Sclence 334 (2011) &9,

Nature 439 (2006) 695

Sclience 30F (2005) 1839

Nature 462 (2009) F#0, Sclence 326 (2009) 1080

Science 214 (2006) 1424, Science 325 (2009) 444

Natuwre 440 (2006) 1018
Sclence 320 (R008) #52

PRL 96 (2006) 221102, PRL 106, 161301 (2011)
PRL 101 (R008) 170402
PRL (2009)

Results from HESS, MAGIC and VERITAS
Descartes Prize for HESS



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



How to do evew better with Ch. telescopes ?

A future Cherenkov observatory weeds:

‘fOY E > Tev: 11(0/’.
bigoer collection area \ e e,
(t.e. large arra Y of telescopes, wioer FOV) ﬂésf
for E < Tev:

better background rejection

6%(
) ’ \ekel/
(t.e. Large array of telescopes, wider FOV €y £ =

for multiple shower tmages) \6}(



cta

cherenkov telescope array

. @ advaneed facility for
ground-based gamwma-ray astronomy

CTA is the global next generation project.

A precise and sensitive probe of the extreme universe,
with huge potential for extrene astronomy ana
fundamental physies with Tev photons
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VCV% C.ood reviews ASTROPARTICLE PHYSICS
for CTA: ASPERA:

ASTRONET:

ESFRI:
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Infrastructure Roadmap:

A Strategic Plan for European Astronomy

EUROPEAN ROADMAP
FOR RESEARCH
g INFRASTRUCTURES

The ASTRONET Infrastructure Roadmap: A Strategic



Boosting sensitivity § resolution:
Arrays of CherenRov telescopes

Shower
Light pool

o

—300 M. —

Single telescope



Boosting sensitivity § resolution:
Arrays of CherenRov telescopes

Shower
Light pool

o) (@) (@)

—300 M. —

Single telescope



Boosting sensitivity § resolution:
Arrays of CherenRov telescopes

Shower
Light pool

o) o o
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Boosting sensitivity § resolution:
Arrays of Cherenkov telescopes

Shower
Light pool

o) (@) (@)

Single telescope



Core armg:
WmCrab sewsiti\/itg
Ln 0.1-10 TeV range

Not to scale !



Low-energy section
energy threshola

of some 10 Gev

(a) bigoer dishes or

Not to scale !



Not to scale !

Low-energy section

energy threshola

of some 10 Gev

(a) bigoer dishes or

(b) dense packing /
high-RE sensors



Lown

energy sect

High-

10 kw2 area at

’

> 100 TeV energles

Not to scale !



The Cherenkov Telescope Array

e A factor 10 more sensitive than current Lnstruments
4

o A ~— £ 150M International Prqjeat

. Iy Ll .;”? L & ;'7; = v. - ,- ) {J! ' 'vr IVJ;" "-L'v- /.

Baseline: 50-100 Cherenlkov telescopes
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Price Tag: €100 + 50 M

what s the best nstrument for this money?

Optimise performance (within budget),
(parawmeters: telescope size, type, pixel size, FoV, arra Yy layout)
design for wass production, lLong-term operation
and Low maintenance
L.e. cheap, reliable, modular ...



A real obser\/atorg with = 100 telescopes.

Low-energy section

Medium Energles:
High-energy section

~24m teLescopes

A T &
. v

eneroles =300 TevV



CTA observation modes ' |
i | very deep freld O
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one 0bsewator5 with twe sites - operated bg oWne CONSOrtLLLM

Ma LVLL5
extragalactic
sclemce

Galactie and
extragalactic
sclence

Selection of sites by end 2012
10 km? (S) flat area 1.5-4.0 k. altitude, mintmeum clowd cover, eastest access, ...



own Stmeulations ...

y ray stmulations are straight forward:

- energles are relatively low (i.e. sims are fast)

-y ray showers can be simulated well (RED)

- hadronic background can be measured
(t.e. nwo urgent need for sims of p, He, ...)

handshake between CORSIK.A and detector stmulations
> 109 showers can be stmaulated



Performance
caleuwlations
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Exawmples of subarrays

(of same cost)

n - y o ©
o) 5 o
o) o
— - — o O o
000 © ©
O0000
OO0 000 o o
— Q0O ole — —
OO0 )OO o o)
O O

. 1km o s °r
|||||:||||||||||
dense array of low density array of  array of 7, 12 and

12 § 24 w tels. 12 m telescopes 24 m telescopes

+ low € +  high/medivum € + good sensitivity

- high € - lowE across full energy
ranoe

main trade-off: quawntity vs quality of events
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Performance: Sewnsitivity
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Limited by number of
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- odense packing of tels.
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Performance: angular and energy resolution

Angular Resolution Iy (degrees)
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Angular Resolution

SN 1006
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Performance:
Energy Area Ang.Res E.Res FOV
o :

TeV km? arc min

0.03 0.003 12 30 45
0.3 0.1 4 13 6-8

3 I 2 8 7-9
30 3 1.5 / 8-10

| RSR—— ——

e — ,wm;*“ g .k

(VWP rovemewnt (relative to HESS) }
Diffuse continumm: ~X5
Angular resolution for point sources: ~X2
FoV for surveys: ~ X2 ‘
Bnergy resolution for Lines: ~x1.5 E

all-sky survey for point-like emission line sources: = x 30 ‘g
pointed observation of a 0.5 continuum source: ~xX5

P — ——



Varla bLLLtnd anod Short-Timescale Phenomena
(flares, gR®Bs, ...)

102 =
W 100, .
o = o, Fermi-LAT —— E =25 GeV
5 10°
o e E = 40 GeV
2 10°
w l,l LLTTEIY E o— 75 Gev
L) %96 ‘1,
S 107
O
W o8
4 19
=
= 10°
S
T 4010
Q 10 = My, »
B — iy, 'l...
g : uuu lIl/,,“, "ll...
— 11 ’“““”’III,...........llllllllllllllllllllllll
Q 10 E '”H:;,,muu/u,,,“
10-12 ;-nll L lllllll Ll lllllll | — lllllll L lllllll L lllllll Ll lllllll L1 1
10 10° 10° 10° 10° 10° 107
Time (S)

Funk , Hinton 2012



CTA expectation:

HESS —~500 h

CTA e)qbeo’catiow: >1000 SOUYCES
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to scale

Building blocks could be ...
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SST dual mirror desigwn:
10° FOV, small pLate scale, much cheaper camera
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CTA Members: 27 Couwntries
>1000 scientists and engineers from >100 institutions

Argenting, Armenia, Austria, Brazil, Bulgaria, Czech Republic, Croatia, Finland,
France, Germany, Greece, ndia, ttaly, treland, Japan, Mexico, Namibia, Netherlands,
Norway, Poland, Slovenia, Spain, South Africa, Sweden, Switzerland, UK, USA




Arneentan menbers:

vardan Sahakian
Ashot ARhperjanian (unfortunately
qagik Papyan Ln the moment not
Levon Pogosyan very active)

Armenia

YEREVAN PHYSICS INSTITUTE, established in: 2 Alikhanyan Brothers St., Yerevan 0036, Ar-
menia, represented by Prof. Ashot Chilingarian, Director of Yerevan Physics Institute, or an author-
ized representative.

Y 4 ./  ; ’ .
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Name of Signhfory Place & Date Signature

——



Design Concepts for the

Cherenkov Telescope Array

general tnfo: Exp. Astronomy cra
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http://www.cta-observatory.org
http://www.cta-observatory.org

Y rays tn Astroparticle Physies

range from 10°¢ - 102° eV

pose many exciting questions for
research tn the next decades ...

Cherenkov Telescopes ave the best means of
studying y-rays at energles >20 Gev

CTA is the much tmproved next-generation
instrument to reach >1.000 sources.



. and some of it began ...
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Suhnaina Yg (of all owr Lectures)

- Astroparticle Physies Ls an exciting field.

- Highest energy particles are rave § difficult to detect
... but new experiments / technigues / models
allow detection of these particle and toentification of 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)

- LA Astronomy:
TeV gamma rays, UHECRS, Neutriinos

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



Astroparticle Physies still 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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Astroparticle Physies still poses many) puzzles.

The expertmental findings and theoretical Ldeas

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

Experiments § analyses are challenging and
requive Dright Youwng students (i.e. You ?)
to answer some of the most exciting questions tn phystes.



