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o Short introduction in
Cherenkov Gamma-Ray Astronomy

o Introduction to MAGIC

o Astrophysics with MAGIC

o Some selected MAGIC highlights
o Introduction to CTA

o Astrophysics with CTA

o Design study of CTA

o Politics and timeline of CTA

Thomas Schweizer
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Current gamma-ray
Telescopes
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HE Gamma ray astronomy
today: around 100 sources
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Imaging Cherenkov
Technique
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The Imaging Cherenkov
Technique

Particle
shower

"

-
.

EERRZERD

=

Friday, May 7, 2010




The Imaging Cherenkov
Technique

Particle
shower

Better background reduction
Better angular resolution
Better energy resolution

Friday, May 7, 2010




MAGIC Telescopes

Max-Planck-Institut fiir Physik
{Werner-Heisenberg-Institut)

Active mirror control

@ World lowest trigger
threshold: 25-30 GeV

Thomas Schweizer
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@ Sensitivity curve of MAGIC
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Discovery
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radio galaxy M87:
A Unique
ysical Laboratory

RADIO-LOUD AGN EMISSION

SHOCK /SUPERLUMINAL KENOT

® VERITAS/MAGIC/H.E.S.S.
monitoring 120 h of observation

#® Simultanous VLBA radio imaging
and Chandra monitoring

Friday, May 7, 2010



From which location originates the '~
gamma radiation ?

{Werner-Heisenberg-Institut)

X-rays: HST-1 sometimes brighter than
nucleus

Nature of the TeV emission?

®L_eptonic or hadronic acceleration?

®Proton-induced cascades (Mannheim 93)

®synchrotron proton radiation | '
(Mucke+Protheroe 01; Aharonian 00)

®Might also account for parts of the UHECR
(Protheroe+03)

Location of TeV emission? Core, HST-1,
Knot A? |

® close to the core (Georganopoulos+05;
Ghisellini+05; Lenain+08;
Tavecchio+Ghijsellini+08)

® |arge-scale jet (Stawarz+03; Honda07),

® in the vicinity of BH 8
(Neronov+Aharonian 07; A\
Rieger+Aharonian 08) o

. Beilicke, Mazin, Raue, RMW et al. 2008
Thomas Schweizer Colin, RMVY, Beilicke et al. 2008
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VERITAS-MAGIC-HESS
monitoring

{Werner-Heisenberg-Institut)
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Increased radio activity at core
during gamma ray high state

VHE-Gamma-rays

VHE instruments |
® VERITAS ' o
A MAGIC

VLBA Difference Images of M87
2008 Mar. 19
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High-z Observations:
Need low energy sensitivity

3 c 2 7 9 Wehrle et al. 2000
Q. %P

» First Flat Spectrum Radio Quasar!
» Redshift z=0.536

» Apparent luminosity = 1048 erg/s

» Brightest EGRET AGN (Wehrle+97,98)

» Gamma-ray flares in 1991 and 1996:
High dynamical range in EGRET data

» Fast time variation: AT ~ 6hr in 1996 flare

Friday, May 7, 2010



Coreon T

Declination

3C 279 MAGIC observations
@ Jan -April 2006

® Modeling of 3C 279 non-trivial: e
@ External-Inverse Compton

Modeling required, more free parameters MAGIC Coll.,
Science 320 (2008) 1752
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The gamma ray horizon
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Measuring the
E B L systen;atic error band

EBL-corrected, Primack, o* =2.94 + 0.91
EBL-corrected, Stecker (fast), o* =0.49 £ 1.19

Spectrum of 3C 279

. = r \ 4
3 M Y |
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Reconstruct intrinsic spectrum
using state-of-the-art EBL models:

-
e
4

1

.
0(=4- Y"n\
fit to measured spectrum:
= _E ¢
dN/dE = N, ( 2006eV)
N, = (5.2+ 1.7)x107° [TeV' cm2 s°1]
o=4.11+ 0.68

— —
S, S,
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S,
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o

Generic acceleration mechanism
arguments, e.g. Aharonian+06:
Assume a*<1.5 unreasonable

Formation of hard spectra possible
Aharonian+08, Sitarek+Bednarek 08,
Liu+08

Internal absorption in 3C279 does
not produce important hardening
Tavecchio+Mazin 08

Infer maximum tolerable EBL
Gamma-ray horizon

differential flux, dN/dE [TeV' cm?2 s™1]
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Stecker et al., 2006, (fast evolution
max-EBL (this work)
Primack et al., 2005
Cosmic Microwave Background
Mazin & Raue, upper limit 2007
HESS upper limit, 2006
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Thomas Schweizer MAGIC Coll., Science 320 (2008) 1752
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Mkn 421: First combined
‘ spectrum: Fermi and MAGIC

Max-Planck-Institut fiir Physik

{Werner-Heisenberg-Institut)

o 10 day multiwavelength campain
Jan 20 - May 31, 2009

MAGIC+

—
o
o

MAGIC
Fermi( 1-yeoar)

Fermi Prelimina
SwifUBAT(1-year) FERMI ry

SWIVBAT
RXTEPCA
SWItVXRT
UVOT/Swift
ROVOR
NewMexicoSkies
MITSUME
GRT

GASP
WIRO

SMA
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OVRO covers, for the first time, the the

s complete high energy bump over
almost 5 orders of magnitude
without gaps

Most complete SED ever
collected for Mrk421
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Pulsar observations with MAGIC

-

= [ &
‘ v

Crab pulsar

/ _

#
s

o Huge magnetic field of 108T
o Absorption of gamma rays through magnetic pair production
o Polar cap model, outer gap model & slot gap model

Friday, May 7, 2010



Analogue sum trigger:
Decreasing the threshold from 55 GeV to 25 GeV

[all Event distribution

o Design, development and production
of a new low energy trigger

o Installation in La Palma in Octobeg 20 o eV

sum trigger

Analog sum of 18 pixels

J L

. z b J 55 GeV '
. threshold
J U standard trigger

Discriminator

Friday, May 7, 2010



. ' y g " x10° 24 ciny
Crab observation from October 2007 until §194.5§_ MAGIC oY t
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2007+2008: 7.5 Sigma above 25 GeV

| Phasogram : Cycle All (25 < Size <5000 |

High cutoff excludes Nl ey
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FERMI+ MAGIC Crab pulsar spectrum
--> high energy tail !

o Exponential cutoff at Ec¢'= (5.8 £0.5 + 1.2 GeV) (neglecting the'last point)
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What is the connection between pulsar and
nebula ?
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o Exact location of VHE gé'mma‘ﬁ"tbula
emission ? Emission point-like!:“; .

o Variability in pulsar wind \ 3

o
MAGIC §
location _———=~_
A
g
1 (Pointing error ~0.7") h Ra
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a4 What is the connection between pulsar and
| nebula?
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The Cherenkov
Telescope Array (CTA)

524 members (177FTES)
from ~73 institutions

~150 from MAGIC collaboration
~150 from HESS collaboration
~200 from Astro, HE, Japan, US

Astronomers in EU,
Japan, US

Friday, May 7, 2010



CTA specifications

Boost sensitivity to > Full sky coverage
1 mCrab (two installations)

Observatory open to
Expand energy range external asfronomers

~10-20 GeV to 100 TeV

Budget 150 Mio Euro

T1pIroved alld =

Friday, May 7, 2010



Three
telescope (Teviem)
sizes for
large
dynamic

GLAST (1yr)

_ Cra_b

~.._10% Crab
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Three
telescope (Teviem)
sizes for
large
dynamic

GLAST (1yr)

_ Cra_b

~.._10% Crab
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How many telescopes of each size ?

e Current studies show that we can get close to the
goal sensitivity curve within budget of 80-100 Mio Euro

 An array with 3 telescope sizes
- 24m,12m,7m (L, M, S)
— e.g. array E
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1000 = F /'
.8 9, G --e- pe'd
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How to reach higher
sensitivity with CTA ?

Friday, May 7, 2010



Design and layout:
Telescope Array

Friday, May 7, 2010




Design and layout:
__lelescope Array

g0 N

Single telescope

High sensitivity, small region

Friday, May 7, 2010



Design and layout:
__lelescope Array

g0 N

Single telescope

High sensitivity, larger region per telescope

Friday, May 7, 2010
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Physics with CTA

Friday, May 7, 2010
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«ami The First LAT AGN Catalog (1LAC) Ja.

Gammarar
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+ 1079 TS>25 (~50), IbI>10° sources based on 11 month data set
+ 668 high-confidence (P>80%) associations with AGNs

+ +186 lower-confidence (40%<P<80%) associations

+ 286 FSRQ
+ 285 BL Lac (141 with measured 2) Fi ol T

+ 69 unknown class § it : |
+ ~10 Radio galaxies {, " { W
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@ Physics in the mid energy range 200 GeV-10 TeV

e Physics in the low energy range above 10 GeV

@ Physics in the high energy range up to 300 TeV

Friday, May 7, 2010



200 GeV - 10 TeV energy range:
High sensitivity and
better angular resolution: Galactic sources

»mmeuessmuﬂ
Diffuse gamma
SNRs PWNe Micro quasars Un-ID sources radiagtion
X-ray binaries Dark Sources
, s -t ' - Galactic sources
200~400 sources with CTA
o DA T TR s e i vt e | @ CTA sensitivity
| e Rl (1 mCrab)
! e CTA angular resolution
. 3 e -> needed for
morphology
Simwlations: Digel + Funk (Stanford) + Hinton (Leeds) d nd Se pa ration
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200 GeV - 10 TeV energy range:
High sensitivity and
better angular resolution: Galactic sources

»mmeuessmuﬂ
Diffuse gamma
SNRs PWNe Micro quasars Un-ID sources radiagtion
X-ray binaries Dark Sources
, s -t ' - Galactic sources
200~400 sources with CTA
o DA T TR s e i vt e | @ CTA sensitivity
| e Rl (1 mCrab)
! e CTA angular resolution
. 3 e -> needed for
morphology
Simwlations: Digel + Funk (Stanford) + Hinton (Leeds) d nd Se pa ration
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Probing Cosmic rays in the Galaxy
using molecular clouds

Gamma rays

Gamma Spectrum
from diffuse

radiation
Diftuse Model ”

Sgr B Region Ga I aCtIC pla ne Mystel’ Source HESS J1745-303 ‘

HESS J1745.290

dN/dE (TeV ' cmi? s sr)

Molecular clouds

Tsuboi et al. 1999

1
Ene?gy (TeV)
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GRBs

Rich physics in low energy range
(>10-20 GeV):
Unexplored physics !!

AGN

y
-2

&

UHECR Sources

high redshift

Pulsars BL BLAC &
EBL
4GN jet .
termination shocks

Friday, May 7, 2010
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clister formation

Dark Matter Annihilation

Coena Claster
0% 20MY

Clusters of galaxies

Arp 220

Me
spiral™
galaxy pair
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Nail down
gamma ray horizon

Friday, May 7, 2010

EBL models
H.E.S.S.

H2356-309

1ES 1101-232
1ES 0347-121

HEGRA

PKS 2005 489

> ‘Hi
PKS 0548-332

T.’bho :

1ES0229+0200 3C279

Blanch & Martinez 2001

Rddshift (2)

Sh:cke et al., 2006, (fast evolution)

TMKO7 (this work)

Daniel Mazin, o ycuptoiats
M rtln Raue 2007_ Cosmic Microwave Background

-------- Mazin & Rauve, upper Ttw
= HESS upper limit, 2006

vl (nWm ? r ')

g galaxy
counts

Dust re-
emission

Redshifted
starlight

" the starTormatlon in the
' unlvers’e

CTA will nail down
the EBL measurement
using AGN up to z=2.0 !l




Steep spectra AGN:
«TAH | BL, FSRQ & high redshift (z<2.0) AGN

o The extension of
CTAto low energies
will uncover many
soft and steep
spectrum AGN
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o ~200AGN (z<2.0) with CTA
Threshold energy some 10 GeV
to be free from EBL absorption
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e 1Ml o
Fiek 1256’ O 1,
Right Ascension
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Iog(E.,2 o, [erg cm""])

Murase et al. 2008
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Gammas from GRBs:
Fermi has seen two GRBs up to 30 GeV

GRB Blast shock wave \ After glow
_..'\T 4 s
3 » X
R —
Inner rclgt'gl?sltc | _ -g_ > Optlcal
engine jot L
J / — » Radio

Internal shocks External shocks

HGRB (z=0.1) — — -
LGRB (2=0.005) -

__GRB 090510

.\ TN
LoW energes: S 30 GeV!

'LAT/GBM Collaborations, Science
arXiv:0908.1832

:.jt,%,'.? 1ok —.: f’. g

-2 0
log(E,, [GeV])




Which are the sources of
the cosmic rays ?

Fli of C nic Ray

ocE el mostly protons

-ge

Vlctor HESS 1912

10 01
Energy (ev)
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2%  Wide energy range of CTA
St RX'J1713 HESS + Fermi

Lolor HESS observation Concaved spectrum (non-linear effect)??
Contour Suzaku X-Ray _ |

80

i |

[ PSF

—t
S
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—~

HESS. dala
Fermi-LAT data
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» |Inverse Compton (Porter et al)
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ngh energles >300 TeV R. Plaga Nature, May O§RR
Long standing question: & |
Origin of the knee .

Ideal cosmic-
o Problng the knee in gamma rays

\
J

ray source

Energy flux ( m2s"

Knee-equivalent
energy

o Knee due to diffusion in galaxy ? L

Energy (PeV)

o Finding the Pevatron source !

HESS bright galactic sources in Southern Hemisphere

Fluxes of HESS Sources .
Crab by HEGRA +
" Fittings & Extrapolations
U decay Epmax = 1000 TeV
Keimer etal., PFiD (EOOG)

Nt 0 decay
N XA THG Ep<1000TeV

VEF"TAS r\ :_-;: ; Y e e gL 2Pi°t°3lde32

(50 K, 50) \‘:‘\ \\§\' ’ A Ray 1 . 8. Dis b of the photon index of the new sources. The mean
: Sl L WA : otor ndc.\h h an ms o m

Number of Entries
n w D (6] (o2}

10 gammas with
100hrs x 1km2 array

Integral Flux (photonscm 2 s )

Tibet AS+MD
AS: 83,000m? MD: 10, 000m?
(1.year, 5 o A Y 10 gammas with
: \ 100hrs x 10km2 array

1 10 100
Energy (TeV)
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Technology and design study
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Heidelberg
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23 1zlsscuus Jasiyn NP Munien

(3Y ituns, Fual ruiallun, FID=11.2)

CAMERA

&
4
ﬂ

Aluminum/CFRP
double mast

2.5 % shadowing

HIGH STRENGTH CABLES Carbon Fiber

/Mirror panels
N

CFRP TUBULAR CONSTRUCTION

15 times stronger than steel for same weight
Active bending control

MIRROR SUPPORT SPACE
FRAME CFRP

AZIMUTH STRUCTURE
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Carbon fibre

15 Ge

n

8tohs, !
--> Fast rotation for GRB

Trigger threshold
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cra? Small Size Telescope designs
= (6m diameter)

FRES
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Mirrors must be cheap and
good quality/ high reflectivity

BACKING SHEET

/H'ONEYCOMB

I
SHEET

MOLD

Replica techniques
(thin glas sheet on honeycomb h
structure with aluminized |
surface), are a cheap possibility, =
while diamond milled surfaces
have a longer life time
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TA?E High QE photosensors
7 we need 200K PMs

Hamamatsu &MPI MPPC Array

b o0 s o o 0 (EF3 o s ?

WAVELENGTHM (run)

MPI-HLL SiMPL
PDE~60%(target)

— ——

GaAsP HPD

Heamamatsu (MPI & SIPM
SBA 34% QE : About 60% effective PDE
==> 347 PD- Hamamatsu): il pe realistic

o 00% PDE
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Readout electronics:
Analog pipelines vs FADC

SAM/SAMOSO
2 X 256 samples

Domino Ring Sampler 4

12 x 1024 samples
up to 5 Gsamples/s up to 2 Gsamples/s

: : 12 bit effective range
11.5 bit effective range _
450 MHz bandwidth 350 MHz bandwidth

11 mm?
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o NECTAr project (SAMOSO chip)
(development of new
analog capacitor array)

@ Dragon project
(Domino Ringsampler 4
700 Mhz bandwidth,

Ethernet output)

o Fully digital camera (sampling
the signal with commercial
60-200 Mhz FADC
and processing with FPGAs,
including the trigger)

Possible layout for NECTAr (courtesy FToussenal)

Only 1 PEE.—" 7, 8 or 16 channels
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CTA Recommendations and supports

> ‘l..'lh\;luecgg
oy
ASTRONET Roadma
ASPERA Roadmap P

High Priority project

Ground based projects CTAls newly added

in 2008 update

Magnificent Seven

8 Infrastructures
from Physics and eng

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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Preliminary time line

FP7 Design study appl. l l Kickoff Barcelona Jan’08

6| 78] 9|10 11]|12] 13

Array layout
Telescope design

Component
prototypes

Tel./array prototype
construction

Array construction
Partial operation

MAGIC Il constr.
HESS Il constr.
FERMI

Conceptual design {1 Preparatory phase
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CTA Conclusions

e CTA s a next generation gamma ray observatory with one order
of magnitude better sensitivity, larger FOV and an improved
angular resolution

e There will be one station in the North and one in the South

e European initiative but collaboration with institutions from all over
the world such as USA and Japan

e |t will be run as an observatory, open to external astronomers

e CTAis already now a very large project with around
70 institutions and 500 physicists

e CTAis alarge project, aiming for a budget of 150 Mio Euros

e We expect rich physics with CTA



The end




Wide energy range of CTA: determination of
sources of hadronic cosmic rays ?

Question: In which objects do we have hadronic acceleration

and in which objects leptonic acceleration ?
Electron acceleration "

amma-ray(lC)

i

X-ray(synchrotron)
AANAANAAAAANS

Magnetic Field O v
Gamma-ray(IC)

Proton acceleration e SSC model: leptonic acceleration
. e High energy gamma rays
High-energy proton

) Gamma-rav e Strong synchrotron emission
i a-idy
\ e 1%-decay: hadronic acceleration
e High energy gamma rays

e High energy hadrons --> CR
e 10 TeV proton -> 1 TeV gamma
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Neutralino anihilation signal: Complementary

with direct searches

-

(b)

@

Indirect detection through y-rays.
Three types of signal:

» Continuous from n°, K9, ... decays
and

* Monoenergetic line
and

« Internal bremsstrahlung from
QED process.

Enhanced flux possible thanks to
halo density profile and
substructure (as predicted by
CDM)

Good spectral signatures!
Unfortunately, large uncertainties
in the predictions of absolute rates

Ll "77'7[

Ll L ""'f' L) LJ L B B B )

Neutralkino continuum gamma ray
flux towards galactic centre

NFW medel, AQ=10" sr

10
~ p. %
.. Bergstrom et al.

107

= . 2007

q oS “~

"3 10 ~ :

L So

'E o R

k'] ’ S

: 10 \

z New v\

§ 10" contribution: N <

‘% Internal N

.1 [ bremsstrahlung \\q
10 \
\
10-!; \
Background, E. " \
10 13 - = 300 GeV neulraino added \
------ 50 GeV neutralino added

1o \

1 ’ 10

100
Photon energy [GeV]

L.B., P.Ullio & J. Buckley 1998

T. Bringmann, L.B., J. Edsjs, 2007
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CTA’Q Complimentary with the direct
‘= search experiment

L. Bergstrom and J. Edsjo, 2008 L
Red points are excluded | Expected sensitivity

by Xenonl0. Green points 2 .
are allowed. ’.I / by Fermi

o
o

=
¢

Present approximate limit
from direct searches
(XenonlO experiment)

-
L
[=%
~
c
L
g
v
v
e
~
—
g
¥
a
2
=
o
v

S =(N,ov), M (107 em’s 'Gev Y)

comt
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Commercially available multi-junction
solar cells reach a QE of 41% now.
They cost between 10-30 Euros

for a power of 50Watt (2.5 cm”2)
One could use small telescopes

to concentrate light and produce the
power needed to run CTA.

Ok
b 3 kot atvil

Speciral Response

100

L
o =

)

B L G L B S
= o

%
-
[

Efficency st Maximum Power (%

)

il

g
28
24
22
F s

Comoentratan
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Emergy must be stored

@ Combination of Li-lon batteries
(short term, 90% efficiency) and

o hydrogen storage (long term:
40-50% efficiency) by usage of electrolysis cells, fuel cells
and high pressure metal-hydrid-storage
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Datacenter and operations center
for CTA

o Challenges:

v Huge data rates
(0.5 PBytes/Year)

v Observatory:
Automatic calibration
and analysis for users

o Qrganisatorial structure:
v Array operation center
v Data handling and analysis center
v Science operation center

v Maybe array control center and data handling in different
locations

o Lots of personal (local technicians, operation crew,
professional data analyzers for science operation)
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¥ “e11 GRBs observed by LAT

e IR .
>1oo MeV >1 GeV (arrival time) ission P
~o 6 GeV
080825C (~To+28 s) ? -
os0916C mmn ot --“ o st

~3 GeV
el e | 0 | 2 [ | < L [

0812150 dong | - | - | - | - | - | - |

~1 GeV
L2 N BT O -5 T T I

£ T S - A S

EOEIENENE: -SSR > -

B (0-829)

~33 GeV
mmn---m
s > 93GeV (82s)
~20 GeV
ousa | g | om0 | %0 |G | v | v | v Jam
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THE ACTIVE MIRROR CONTROL

COUNTERACTS SOME SMALL DEFORMATIONS
OF MIRROR SUPPORT FRAME

SOURCE 1000mtr AWAY

EXAMPLE OF MIRROR FOCUSSED TO A LIGHT

.—";'” y ;i\\‘
SCREEN ON BOTH SIDES
reference LED OF CAMERA

IR laser beams not interfering
with photosensors

mirror panel
with laser

M Auator 3 by b7

IR sensitive

CCD

Calnera / s adan ot
Ay " | 4
X poin h o Xk )
S\ actuator with Propction oa the y-Azis |
\\“_‘\ freegdomm one axs ' l";’ —1
‘;f_)'n"_l . I > - : FA | .-;":‘!Z'*'n" B
electronics e - . f 0000 7 1\ frires
» _\'I b o et 1 { f \‘ e
{ \\ } { ‘ s
. ! » » » | 3
\ P A o 4 e f | it Lol o N b
J } Ohsst 2MTelM M
f k . - ¢ j L | Anpitede 2O%M06 D
- { ) L | Wean 2603: 00
} pOasr ' 1 - . ‘“";pe estal \ | Sigme 1127 : 00
LaLz s |- Y ;- 4 t J
/ // l((ﬁ:— ¢
Q‘//‘\/' —— — 7" ! Va \
N = E L o M
000}
compuiErwth IR el T 62 electronc boxes - R
RS4B5 interface and 0.1
frame grabber carc L <
= S “ 40 o . X
fgnw

o PSF 0.03° AFTER MANUAL

ADJUST. (0.02° AUTOMATIC)
WILL DEGRADE DURING
RUNS IF NOT FREQUENTLY
READJUSTED
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LAYOUT OF MIRROR SEGMENTS

SAAAA .-
P V. V\V.\V.\V.\V\V,\V
AMMMMQUU%%V
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~w Increased statistics (incr. coll. area)
=% Test on Lorentz Invariance Violation

E L

CTA has not only an increased
sensitivity but also an increased
collection area which results

In an increased statistics by a
factor of ten and for lower
energy threshold even more

QG C

w
“w ‘-

#’“&V w’wfﬂl%%wsmss

"o
o
E
o
L~ oJ
o
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s
-~ 25
-
(&)
o~
s

o -
w - w »
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in)

The best limits on
LIV are now: Pre-Flare

HESS: 0.04 M,
MAGIC: 0.02 M,

F (150-10000 GeV) [cm? s]
F (150-10000 GeV) [cm? s

I I I | I I I I ; I I I | | I I B LI I I I | . 1 1 1 1 1 1 1 1 1 1 I; I 1 1 1 1 1 1 1 1
21:50 22:00 22:10 22:20 22:30 22:40 22:50 21:50 22:00 22:10 22:20 22:30
Time Time
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Lorentz invariance violation
Modification of gamma ray horizon

v

Gamma ray horizon for Eqac= Ep, 0.1Ep, 0.01Ep

S
o
)
o
o
e
@
-
w

a=1
¢ = +1 scenario

Redshift (2) Theory extremly difficult...
(LIV breaks gauge invariance)
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Image quality and F/D
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Figure 7: Range of reasonable f/d ratio for a given FOV for 23 m parabolic
telescopes (blue), 12m Davies-Cotton telescopes (red) and 7m Davies-

Cotton telescopes (green). The telescopes used in the MC productions are

shown with circles.
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Impact of Pixel size
to the Angular resolution

.
&

91a |, 1387 pixels, 13-8 cleaning |

in degrees)
&
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9 1a., 1951 pixels, 9-8 cleaning
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9 tal., 2791 pixels, 9-6 cleaning
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Competing high energy
telescopes:HAWC

100 MeV y -1/50 photons shown

HAWC Design

Array of 900 water tanks
5 m diameter x 4 m deep
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CTA”5 Competing high energy
i telescopes: LHAASO

Large High Altitude Air Shower Observatory €D: $337. 1. tem-2cm
Yangbajing, 4300m a s 1., 606g/cm’ MD _1(1m ;)m 63 2¢m
J0m spacing

SCOA: 5000m’ (2:80m)
“ WCDA: 4-900
= 2170m-<4m
300m spacing

IACT: 2
100m spacing

8

3

5.
HESS aTev

(s;wo/na1) (3<)4 3
i

1000m
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« Above 60TeV . o .
CR BG-free(10°5) Y /p discrimination

e Y survival rate ) 5 o
310°E T - v :

B E
0 2 E
~99% :
10’ =
» Angular -
resolution 0.5¢ E
104:""""','""I“"1- : 1015_
: 20, p (25104 events) a
- Op 5 ¢ P
103}~ ) N | I
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H ig h QE Geigermode APDs/
photosensors SIPM

Hamamatsu
GaAsP HPD: [
50% PDE

Q
>
=
O
™
-«
>
2
<
=
o

£ 231/ MPI Halbleiterlabor Munich

‘ BOX
Wavelength [nm)]

About 60% effective
PDE might be realistic
in the future

Hamamatsu &
PYhotonis reach

45% QE
==>0%-+DE
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% PKS 2155-304

CTA% Spectral Energy Distribution

® Time-averaged
SED is well
described by a
single zone SSC
model:
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Highest energy electrons (y,>2x10°) produce the X-ray emission,
but contribute relatively little above 0.2 TeV
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CTA% MILAGRO Galactic plane
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CTA% Anisotropy pattern

Declination (deg)

Abdo et al., Phys Rev. Lett, 101, 221101, 2008 Right Ascension (deg)
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CTA% Un-IDs (Dark Sources)

Category Source Discovery Observation HESS J1616-508

Un-ID TeV J2032+4130 HEGRA

PSR J1614-5048
v

Un-ID HESS J1303-631 HESS

Un-ID HESS J1614-518 HESS

Un-ID HESS J1702-420 HESS PSR J1B1T5055

v

Un-ID HESS J1708-410 HESS

G3l2404

Un-ID 3EG J1744-3011 ? HESS J1745-303

- - - - T ~ — - ~ n - - - '—1'-1 Mhie ShAie BRALL BRALLL BALLL ALl Bl Bl Bl )
Name Possible counterpart  Type® T S5 Ng I% ff frev/fxc Reference \

HESS JO852- 463 RX JO852- 4622 SNR 21 b ~10 ~ 0.7 B=10uG HESS
HESS J1303-631 ? 24 , N 3 ;

HESS J1514-591 PSR B1509-58 PWN 23 16 86 20 32 0.3
HESS J1632-478  AX J16319-4752 HMXB? 21 ) 16

HESS J1640- 465 G338.3-0.0 SNR
HESS 1713-397  RX J1713.7-3046 SNR
HESS J1804-216  Suzaku J1804-2142 '
HESS J1804-216  Suzaku J1804-2140

HESS J1813-178 AX J1813-178

HESS J1837-060  AX JI838.0-0655

TeV J20324-4130

HESS J1616-508

\a- 146

Suzaku

s F \B-o.mc

s s ssmnd 4 el Liand Liaad and Laad aanl oL aal ool ol
1 10 100100010* 10° 10° 10" 1o‘ 1o°1o’°1o“1o"10"
Photon Energy (eV)

24
0.065
19
11

E*F(E) (eV em™® 57Y)

G e ] -] o

ol - o e N N o o

-—

Suzaku (Matsumoto et al.
1002\
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MAGIC Coll.,

3C 279: A Famous Blazar Science 320 (2008) 1753

Flat Spectrum Radio Quasar at z=0.536 ® MAGIC observations:
o 2006 January—April during
Apparent luminosity = 10*8 erg/s WEBT campaign

Brightest EGRET AGN

Gamma-ray flares in 1991 and 1996:
High dynamical range in EGRET data

Fast time variation: AT ~ 6hr in 1996 flare é ﬁeb 2006 +

MAGIC:
g

23 Feb 2006
20

% 1991 (flare) (Wehrle+98) — e = {u

A 1998 (Nare)
|‘l ' 4

lux incompatible with const.: 5.04 ¢

— Off-data
— On-data
- -~ Theta-cut

Have seen it again in January 2007!
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MAGIC Caoll.,

3C 279: What,s the Relevance? Science 320 (2008) 1752

#® z=0.536! Major jump in redshift of VHE sources
® First FSRQ in TeV gamma-rays: All source classes of the
,blazar sequence” detected in VHE

# Modeling of 3C 279 non-trivial:
% FSRQ — bright emission lines:
External photon fields important

+ P1 (June 1991 flare)
+-+ P2 (Dec. 92/ Jan. 93)

% External-Inverse Compton * June 2003

~ Modeling required, more 2o v Jan. 15, 2006
= Feb. 23, 2006

“ VHE provides vital input!
“ Follow-up models & papers...

vF, [Jy HZ]

25

10° 10" 10" 10” 10" 10" 10" 10™ 10
Bosttcher, Reimer, Marscher 08 v [Hz]
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MAGIC Caoll.,

3C 279: What’s the Relevance? Science 320 (2008] 1753

#® z=0.536! Major jump in redshift of VHE sources
® First FSRQ in TeV gamma-rays: All source classes of the
,blazar sequence” detected in VHE

# Modeling of 3C 279 non-trivial:
% FSRQ — bright emission lines:
External photon fields important

+ P1 (June 1991 flare)
+-+ P2 (Dec. 92/ Jan. 93)

% External-Inverse Compton e June 2003

- Modeling required, more v Jan. 15, 2006
= Feb. 23, 2006

* VHE provides vital input!
“ Follow-up models & papers...

vF, [Jy HZ]

# Can be used to limit EBL models

® Stecker fast evolution excluded
25

#® Complications may arise from

9 11 13 15 17 19 21 23
lines (strong absorption 10- 10 10 10~ 10 10" 10 10" 10

Bosttcher, Reimer, Marscher 08 v [Hz]
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EBL Studies with TeV Gamma-Rays

®
Primack et al. (2005) @ Determine spectral cut-offs

—  Stecker et al. (2006)

Kneiske et al. (2002) modified at dlﬁ:e re nt I’edShIftS

—_
o

®
@ Approaching maximum of
star forming rate

[
¢’ Beacons before max SFR at z<2:
future instruments

Gamma-Ray Energy [TeV]

MAG'CEnergyThreShold |||1|..||||| LI B B I B B I B B

Universe Transparent to Gamma Rays

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Redshift z
Science 320 (2008) 1752

Maximum visibility for given TeV energy
Probe evolution of EBL

Star and galaxy evolution largely unknown
Madau 98

i I i1 i
2

1 1 I 1 1 1 1 I 1 L 1 | I 1 1 | 1 I 1

i
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! . The first LAT catalog (1FGL)
Fermi 11 month data

. 4

~1UUU SOUTCES 101 1 o = < AIOGIRCITNO04q) =~ D (40 TOor 4 L -

. 'ypical 997 error raaius Is 10 . Absolute accuracy Is pbetier than 1
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KVA optlcal telescope at La Palma

[Mkn 180, z=0.045] MAGIC,
500
:":C“lt — OFF dala

March 2006
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Thomas Schweizer
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KVA optical telescope at La Palma [Mkn 180, z=0.045) MAGIC
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o ON dala

- % cut — OFF data
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Morphology studies with CTA
ngh angular resolutlon

Displaced nebula
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Lots of past experience
HESS / MAGIC / HEGRA as prototypes

HESS II: 28m
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4.5 TONS, EXTRA HEAVY FOR PREVENTING
TELESCOPE LIFTOFF DURING STRONG WINDS
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[I-BEAM EXAMPLE FOR THE AZIMUTH RAIL
OFFER ALREADY AVAILABLE
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POSSIBLE USE OF ACTIVE BENDING CORRECTION
See contribution from LAPP/Annecy ACTUATORS RELEASE TENSION

ACTUATORS PULL

FIXING DURING
STORMS

CCD
DETECTING
DISPLACEMENT =
OF CAMERA

SENDS COMMANDS
TO ACTUATORS |

SAGGING DUE TO
GRAVITY

/

,
W e

¢
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\ \
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/
4

bl [ T il

)
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23m telescope SPECS:

«Mirror Diameter: 23 m

Mirror Area: 410 m?

-Focal length: 28 (f/d = 1.2)

-Weight = 50 tons (needed for GRB studies), 50 tons possible for CFRP
-Foundation: Concrete ring with steel I-Beam ring with protection against

wind lift-up of telescopes during storms

‘Bogeys: 6 (4 wheels each, similar to version of PETAL)
-Substructure: similar like HESS/MAGIC, but CFRP frame with some steel components
-Dish spaceframe: 3 layer space frame, with tetraeders as basic elements
-Space frame material: CFRP (high strength fibers) + Al knots
-Reduction of wind resistance: cover of space frame by panels as in radio telescopes
-Tetraeder elements: rods of 153-155 cm, detailed length following mirror profile
Mirror profile: main curvature: parabolic, locally with deviations up to 2-3 cm
-Gross mirror shape: hexagonal
Mirror elements: hexagonal, 152-153 cm width (width across flats)

. Production technique similar to MAGIC 1x1 m2, central hole
. allow for a small zone of imperfection (change of diamond)
. individual mirror elements: = 2 m?2
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-Area of individual mirrors: = 2 m?
# of mirrors: = 220, weight < 30(40) kg/ mirror
«Mirrors with dielectric coating for high reflectivity ??
R> 95% between 300 and 550 nm,
R > 85% between 550-650 nm
‘PSF: < 1cm FWHM, > 90% of light within 1 cm radius
«Active mirror control: permanent, fast response. IR lasers (not disturbing PMTs)
project a spot on a screen outside camera, viewed by IR CCD
alternatively: 1 CCD camera per mirror
viewing an LED at the camera position.Inclinometer?

AMC will be a key element to cut costs (allows a softer frame, cheaper)

SEE TALK A. GADOLA, U. ZURICH
«Camera support by 2 CF-masts like in MAGIC.

-SEE TALK G. DELEGILSE, LAPP ANNECY
-Reasonable limit of camera weight: 2 tons (1 ton preferred)

*Motors: 2 for azimuth (10 KW /motor), 1 for declination (10 KW/motor),like for MAGIC
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First estimate of weight of moving part

Bogeys and wheels (8-12t) 12 t
Substructure (CF+ Steel)(10-14 t) 12 t

Support dish (7-9t) 8t
Mirrors and AMC 10 t
Camera masts, declination drive ring camera support frame 6t

Camera 2t
Auxiliary stuff 77?

50 % x tons

HESS I (12 m@) : 68 tons
MAGIC (17m@) : 70 tons
HESS II (28m®) : 560 tons

Raw costs for CF tubes for dish = 250 k€
Raw costs for CF tubes for substructure = 270 k€
Mirror costs /m**2 = 3000€ / m**2
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MIRROR

Parabolic mirror profile
220 (240) elements
400 (420) m? area
Obscuration < 3%
Mirror elements: hexagonal, lightweight sandwich construction
either all aluminum diamond turned = 18-20kg/m**2 (PADOVA MPI DEV.)
or cold slumped glass sandwich mirrors = 12-15 kg/m**2(INAF DEV.)
Diamond turned mirrors: at least 30% more expensive but little aging
Test of MAGIC prototype mirrors: drop in reflectivity < 1 %/year

Total weight of mirror surface including AMC and link elements = 10 tons ??
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A MIRROR ELEMENT

2 m? area

80-100 mm HEXCELL

3-4 mm FRONT/BACKPLATE

ALUMINIUM DIAMOND TURNED, (ELECTRO POLISHED to remove small rims ?),
DIELECTRIC COATING

< 30 KG WEIGHT/unit

A
3 ¥
v

150 cm
AREA OF BAD SURFACE:

CHANGE OF DIAMOND

Central hole, 50 mm diameter
For laser pointer/CCD camera (hole needed for
Large diameter surfaces diamond fly cutter)

Backside fixing points
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MIRROR (BLUE) AND TOP LAYER SECTION OF SPACE FRAME (BLACK)

AVAVA

MIRROR FIXING POINTS, CLOSE TO IDEAL POSITION, 2 ACTUATORS

~__
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