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HE/VHE Gamma-Ray detectors




MAGIC TELESCOPES

(17 m diameters) on La Palma in Canaries

MAGIC Telescopes (~1012eV)

B 17m dia. Cherenkov Telescopes
B Sensitivity 0.6% Crab Flux

B Angular Resolution 0.06 °

B Energy Resolution 15%

more than 170 HE sources are discovered with
HESS, MAGIC and VERITAS last 10 years
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S3 0218+35 (z=0.944) | Very fast flare of IC310
gravitational lensed ~1mins variation < BH size (25mins)

quasar is discovered




Imaging Atmospheric Cherenkov Telescope

# of Photons: 50photons/m2 at 1TeV

)
&

Gamma-ray

Air shower

) Cherenkov light

B Energy range 50GeV ~ 10TeV
B CR Rejection ~99.5%
— ® Angular Res. ~0.06 degrees
® Energy Res. ~20%
Detection by m Effective Area ~10°m?
in telescopes ®m Sensitivity ~0.6% Crab Flux

(10-13 erg/cm?2s)
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Development of a 2TeV Gamma Ray Shower
from first interaction to the Milagro Detector

et \ _ Viewed from below the shower front -
€ Color coded by Energy
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et .
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. ‘ } '4 This movie views a CORSIKA simulation of a gamma ray initiated
e i shower. The purple grid is 20m per square and Is moving at the speed
of light in vacuum. The height of the shower above sea level is
et/ | e~ + displayed at the bottom of the screen.
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Color coded by Kinetic Energy. The log base 2 of the
kinetic energy Is converted linearly to a color with red
corresponding to 2TeV and blue 10MeV.
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VHE Gamma Ray Astronomy

A New Window to the Universe and Energy Frontier in Astrophysics

HESS, MAGIC, VERITAS observed more than 170 sources

B CTA will expand the visible universe up to z = 4 with the superior sensitivity, and broad
band energy coverage, and will observe >1000 sources
B CTA will have 104 times higher sensitivity for the transient/flaring sources, like gamma

ray bursts and AGN flares.




Coma Cluster

Ta rgets e * i 3 : 0.5-2.0keV
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inaries

Cherenkov Telescope Array
High Energy Gamma Ray Astronomy

Origin of Cosmic Rays
High Energy Astronomical Objects

Super Massive Black Holes

EBL Study = Cosmology (Star formation rate)
Search for Dark Matter
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Cosmic Ray
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Fermi-LAT

Large Structure

pesid in our galaxy

(Fermi bubble)

AGNs
(M87)
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HESS Galactic Plane Survey

Deil et al. ICRC 2015 and Chaves TeVPA 2015

50
Unidentified

mostly sources with
multiple associations

Preliminary




E<10'%eV Cosmic Rays €= Shell type SNRs

Fermi-LAT
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B Different stages of SNRs as cosmic ray accelerator

B CTA will deliver more information on SNRs as cosmic ray wsio A

@51 (35,000yrs

accelerators
B We can survey most of SNRs in our galaxy = C.R. energetics




Super Nova Remnants as cosmic ray accelerators

1IC443 and W44, FERMI Collaboration (in Science)
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Crab Pulsar observation

with MAGIC in 2008

MAGIC result: Published in Science in 2008

a
Measuring the spectrum around cutoff
or at high energies is important to distinguish
the emission model
Polar cap: double exponent b
Outer gap: simple exponent
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Crab Pulsar with MAGIC Stereo

Crab Pulsar, P1+P2
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Abrupt acceleration with ultra relativistic cold wind,

Aharonial et al. 2012 Nature

R, = 30R, (this work)

Poynting-flux-dominated wind

I, ~103

R ~108m | /

Ry, =3x10'5m

Wind acceleration zone

I, ~ 106

Kinetic-energy-dominated wind

|

Termination shock

Non-thermal nebula

Flux (J m2s™)

Normalized flux

Pulsed y-ray emission of Crab
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Galactic Center Diffuse with HESS

PeVATRON?

B fxcess map

HESS Deep Observation of 250hrs

Spectrum:
Parent proton could be 1PeV =» PeVATRON?

Radial distribution 1/r:
Consistent with the diffusion from the central BH
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Supermassive Blackholes ~ 108 M,
Particle accelerators

SYNCHROTRON
PHOTON

AMBIENT
PROTON - INDUCED
CASCADE

Pl ma Jet is formed with the gamma factor
gleto a few 10s.
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Study of Extragalactic Background Light

T1ES1011 observed with MAGIC in 2014

.- Extragalactic Background Light
. - / '_’
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IC310 Radio Galaxy / Blazar

MAGIC Observation published in Science

Possible Model
Nov.12 2012 MAGIC obs.

Flare ~ 100 x Low State
Time variation ~ 1T min

B.H. mass 3 x 108Mg

B Crossing Time ~ 25mins

Zoom x 580 000 m [ -factor of jet~5 MagnEtO-

sphere
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Discovery of Very High Energy Gamma-Ray

Emission From Gravitationally Lensed Blazar S3

0218+357 With the MAGIC Telescopes

ATel #6349; Razmik Mirzoyan (Max-Planck-Institute for Physics) On Behalf of

the MAGIC Collaboration
on 28 Jul 2014; 14:20 UT
Credential Certification: Razmik Mirzoyan (Razmik.Mirzoyan@mpp.mpg.de)
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Discovery of Very High Energy Gamma-Ray
Emission from the distant FSRQ PKS 1441+25
with the MAGIC telescopes

ATel #7416; R. Mirzoyan (Max-Planck-Institute for Physics)

Credential Certification: Masahiro Teshima (mteshima@mppmu.mpg.de)
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CTA: Big International Project

- m >1300 scientists from SON IR W In comparison with current
_countries. . | | {7 instruments, HESS, MAGIC
® MPI Munich, CTA- Japan | /| andVERITAS
. contribute mainly in LST Lo A e ik
onstructlon B ik caesin A o Sensitivity x 10
LN Y/ o Angular resolutions x 3
- Energy band x 10
B Gamma ray horizon (z<4)

) Objects X 10 | '




Two CTA Sites in South and North
decided July 2015

Spain
La Palma

Mexico
San Pedro
Martir

hemisphe!
emisphe]

Chile
Paranal

€orrdParanal
Very Large Telescone
o

-

® Under Negotiation @~ @ Back-up Sites




From current arrays to CTA

light pool radius
_~~ R=100-150 m
= typical telescope spacing

O ®
O/O

Sweet spot for
best triggering

and reconstruction:
most showers miss it!

OO0 O O O
O O O O O
O 0.0 .0 O
O O O O O
e @ @

large detection area — .

more images per shower
lower trigger threshold



The ideal solution




Scien'ce-optimizatioh_ under budget constraints:
= Array area increases with y energy
= Mirror area decrgases with y energy 5, budget (2006):

100 M€ capital inv. (S)
50 M€ capital inv. (N)

few large telescopes
for lowest energies,
for 20 GeV to 1 TeV

~km? array of E 5
. ; &

medium-sized |

telescopes for

the 100 GeV to

10 TeV domain

large array of small

telescopes,
sensitive about few TeV

7 km? at 100 TeV

»

~70 SSTs
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CTA Array Configuration

(Cherenkov Telescope Array)

CTA is all sky observatory consisting of
two stations in South and North

CTA South

-1000

-500 0

500

500

-500

CTA North

500

© LST (N4,54)

o MST(N15, S25)
« SST(N O, S70)

LST 23m




CTA Large Size Telescope

Major specifications
B Threshold energy >20GeV

B Telescope Structure

B Diameter of dish 23 m

B Parabolic optics 389 m?
m focal length 28 m

m Weight 100 tons
B CFRP mirror supp. structure
B Fast rotation 180°/20sec
B Tracking accuracy 14arcsec




OPTIMIZED FOR THE 100 GEV TO ~10 TEV RANGE

MEDIUM-SIZED 12 M TELESCOPE ( Cta

100 m? dish area
16 m focal length
1.2 m mirror facets

7-8° field of view
~2000 x 0.18° pixels

25 MSTs on South site
15 MSTs on North site

-» Stefan Schlenstedt

Achieve the best sensitivity of ImCrab at 1TeV and
survey our galaxy



OPTIMIZED FOR THE RANGE ABOVE 10 TEV

SMALL TELESCOPE ( Cta

ASTRI Design
4.3 m mirror
9.6° foV

0.25° pixels

Multiple options under study:
Conventional single mirror, PMT camera
Single mirror, silicon sensor camera

Dual mirror optics, silicon & MAPMT camera

70 SSTs on Southern site

=» Tim Greenshaw

Look for PeVatron in our galaxy




CTA (Cherenkov Telescope Array) covering 20GeV-100TeV

An order of magnitude better sensitivity More than 1000 sources will be discovered

Wide energy coverage
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Ultimate Survey instrument

B All sky survey with
two stations in
south and north

Supernova remnants

17h15m
L




Simulation for RXJ1713

T.Nakamori et al.

(a) CTA leptonic dominant case (A2/A1=0.01) 3 (b) CTA hadronic dominant case (A2/A1=100)

(c) CTA leptonic (A2/A1=0.01) — hadronic (A2/A1=100)
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Fig. 1.— Simulated ~-ray images of (a) As/A; = 0.01 (leptonic dominant case) and (b)
As/A; = 100 (hadronic dominant case) with I', = —2.0 and E? = 300 TeV. The green
contours show (a) X M M-Newton X-ray intensity (e.g., Acero et al. 2009) and (b) total
interstellar proton column density (Fukui et al. 2012), which smoothed to match the PSF of
CTA. The subtracted image of (a)—(b) is also shown in (¢). The white contours correspond
to the H.E.S.S. VHE ~-rays (Aharonian et al. 2007a). The unit of color axis is counts/pixel
for all pannels.



Supermassive Blackholes ~ 108 M,
Particle accelerators
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Pl ma Jet is formed with the gamma factor
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CTA:

Ultimate Survey Instrument
we can see up to 1.6 Byr from
Big bang

418+35 (z=0.944)
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GRB: Simulated light curve

(template: GRB0O80916C)
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Gamma ray emission process

from DM Annihilation

Dark Matter Annihilations

Heavy Elements:

Neutrinos:
0.3%

Stars.
0.5%

Free Hydrogen
and Helium:
4%

Dark Matter:
25%

Dark Energy:
70%

Bergstrom et al.

(@ (b) (c)

T T T rrrrg T LA L B LN | T T T T TTTY

Neutralino continuum gamma ray
flux towards galactic centre -

NFW model, AQ=10" sr
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Search for DM

m,~ 50-2000GeV

thermal freeze-out (early Univ.)
Indirect detection (now)
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Gamma rays as secondary particles

and Gamma Energy Spectra

Low-energy photons Positrons
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Galactic Center

HESS Observation

new analysis 2015

HESS made the observation of inner 300pc from GC
for 254hrs in 2004 — 2014. New analysis in 2016
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Discovery Timeline: Milky Way Satellite Galaxies

= 50
Dwarf Sph. Galaxies 0 .
SDSS & DES ul |
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Dwarf Sph. Galaxy Segue |

with Fermi and MAGIC
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Dwarf Sph. Triangulum Ii
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Global upper limits and expected limits

by S. Funk 2015
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complimentarity
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LST Project : International Effort
BR, CH, DE, ES, FR, IN, IT, HR, JP, SE

FPI/Elec (JP/IT/ES)
Camera body (ES/DE)

CSS (FR/IT) o)

MIR (JP

Interface PL (DE/BR/JP)
Actuator (JP/CH)
CMOS-Cam (JP)

StarGuider (SE)
CalibBox (IN/IT)

Flywheel, UPS (JP)

Structure (DE)
Access Tower (DE/ES)

Drive (DE/FR/ES)
Bogie (DE/ES)
Rail (DE/ES)
Found. (DE/ES)
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CTA-LST

1510mm Mirrors, Active Mirror Control, Fast Power

23m dish consists of 200 segmented mirrros

fast rotation Area 2m>

1MW >30sec Weight 47kg
Life >10 years

Reflectivity >93%
Multi-layer coat

Actuators

Active Mirror Control X ‘ 7 ’m |

B CMOS Cameras read out the direction
of segmented mirrors with the
accuracy of 5 arcsec

B Actuators will control each segmented
mirrors with 5 arcsec

CMOS Camera



L./Cta weee Production of
Segmented Mirrors

FY2014: 13 mirrors
FY2015: 30 miirGis
2016 July: 60 mirrors

Scheduled
FY 2016: 400 mirrors
FY 2017: 600 mirrors
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PMT + CW-HV

® 1855 PMTs /cam Cockcroft-Walton HV
1.5"PMT

developed with HPK
R11920-100

Low power consumption 50mW/ch
HPK, 850-1500V (15t Dy: 350

High Q.E.

Low after pulse rate

Req. average Average Req.
- >32%  41% ~0.0045% <0.02%
ol IIIIIIIII ) | ASIC . Spain
R After pulse (>5p.e.) rate [%] D esign : Japan 56




Analog-memory DRS4 chip from PSI
LST Readout 1G Sample/s X 4 usec depth

PMT side . Backplane side
DRS4 Gbit Ethernet PHY
Frontend (analog Switching regulators/
amplifier memory) ADC FPGA Linear regulators
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assembled and qualified

28

gualified SCBs



_ 1855 PMTs

O}
&)
c
@©
=
c
L

Camera Structure
Cluster structure

Cluster: 7 PMTs + Readout
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Schedule for LST1-8

| LST Construction (May 2016) |

2012 | 2013 2014 2015 2016 2017 2018 2019 2020 2021
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PP-Period

Design Phase Design Phase

Prototype of Elements Prototype of elements

Preliminary TDR

Second Review

Internal Reviews

Tech. Design Report

Critical Design Review L0

External Engineering Review EER

Validation Review

lst'l'elescope FIroto ) . DNS1 0 2IeSCODE

Production of 1st LST Production of 1st LST elements

Quality Control Quality Control |

Integration Integration Tests I

Shipment L Shipment
Foundation Ready

Installation on site Installation

Comissioning Commissioning

First Light

Evaluation Evaluation

Construction

Production Tel. 2 Praduction Tel. 4 Production Tel. 6 Production Tel. 8
| | Pproduction Tel. 3 | Production Tel. 5 | Production Tel. 7 |

Element Production

Integration I Integ. 2 I ] Integ. 3 Imeg.4[ ] Integ. 5 Integ. 6 ] ] Integ. 7 Integ. 8 I

Shipment | ship.2 | ship.3 | Ship.4 | Ship.5 | Ship.6 | Ship.7 | Ship.8 |

Installztion on site I Inst. 2 Inst. 3 Inst. 4 Inst. 5 Inst. & Inst. 7 Inst. 8

Comissioning c3|] C.4 .5

Partial Operation

Site Decision
Finance
Finance

For the full construction
1




First LST at ORM
Summer 2017

ko LST-1 Summer 2017
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4 LSTs in CTA North

2017-2019, ES + JP +FR (35 MEuro) ;
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CTA North around 2022




Chile Paranal Site

South Reference Sate Layout

Cerro Paranal
Very Large Telescope

© Mare-André Besel




B CTA will study with an unprecedented sensitivity
B Cosmic Ray Origin

summa ry B Super Massive Blackholes, their environment and evoluation

B Dark Matter at G.C. and dwarf galaxies

B MPI Munich and CTA-Japan make a major contribution to CTA-LSTs

B Construction 2016-2020 o




