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Science of HE Gamma-Ray astronomy is very wide
Energy Frontier in Astrophysics

Dark Matter Search (Discovery)

Super Massive
Black Holes
Extragalactic Sources

CoSmic Ray Origin
B Origin of Cosmic Rays (Big accelerators)

m Black Hole and S.M.B.H
B Dark Matter Search
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Binaries

Super Nova Remnants

> 220 high energy sources are discovered
CTA will observe more than 1000 sources.




HE/VHE Gamma-Ray detectors

Fermi GamimaRédy Satellite




Imaging Cherenkov Technique
it is established in 1989 by T. Weeks

# of Photons: 50photons/m2 at 1TeV




MAGICMovie







HESS Galactic Plane Survey 2015
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HESS Galactlc Plane Survey 2018

Planck CO(1-0) map
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Shell Type Super Nova Remnants
are identified as cosmic ray sources
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B We need 200-300 SNRs to explain the energetics of

galactic cosmic rays
B What is the maximum attainable energy with SNRs
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Crab Pulsar observation with
MAGIC in 2008

Emission in different energy bands

a k=
Measuring the spectrum around cutoff §
or at high energies is important to distinguish
the emission model
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rab Pulsar with MAGIC Stereo
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Nebula, MAGIC Stereo, this work

F = Nebula, MAGIC Stereo, ICRC 2011

" |—@— Nebula, Fermi-LAT (Abdo et al. 2010)
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B Cascading model: Hirotani et al.
B Pulsar Wind model: Aharonian et al.
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Crab Pulsar & VELA Pulsar
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!" MAGIC Geminga Light curve

* P2 detected at 60 level 80hrs of observation in 2016-2018
°* E range: 20 — 80 GeV

* Pulse width similar to the one seen by Fermi-LAT
* P1 not visible
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Supermassive Blackholes ~ 108 M,
Good Particle Accelerators
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SHOCK
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Plasma Jet is formed with the gamma factor
of several to a few 10s.




IC310 Radio Galaxy / Blazar

MAGIC Observation published in Science

Possible Model

Nov.12 2012 MAGIC obs.
Flare ~ 100 x Low State
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Study of Extragalactic Background Light
TEST101717 observed with MAGIC in 2014

actic Ba_ckground Light

A. Gonzalez
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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

Credential Certification: Razmik Mirzoyan (Razmik.Mirzoyan@mpp.mpg.de)

F, (10" photons cms”)

F, (10” photons cms™)

F, (10" photons cms™)

the MAGIC Collaboration
on 28 Jul 2014; 14:20 UT
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MAGIC Observed GRB190114C with 50 sigma

above 30069\’, Source distance z = 0.42

[ Previous | Next ]

First time detection of a GRB at sub-TeV
energies; MAGIC detects the GRB 190114C

ATel #12390; Razmik Mirzoyan on behalf of the MAGIC Collaboration
on 15 Jan 2019; 01:03 UT
Credential Certification: Razmik Mirzoyan (Razmik.Mirzoyan@mpp.mpg.de)

Subjects: Gamma Ray, >GeV, TeV, VHE, Request for Observations, Gamma-Ray Burst

Referred to by ATel #: 12395

The MAGIC telescopes performed a rapid follow-up observation of GRB 190114C
(Gropp et al., GCN 23688; Tyurina et al., GCN 23690, de Ugarte Postigo et al., GCN
23692, Lipunov et al. GCN 23693, Selsing et al. GCN 23695). This observation was
triggered by the Swift-BAT alert; we started observing at about 50s after Swift TO:
20:57:03.19. The MAGIC real-time analysis shows a significance >20 sigma in the

Related

for high-energy

12395 GRB 190114C: Search

neutrinos with IceCube

GRB at sub-TeV

12390 First time detection of a

energies; MAGIC detects

the GRB 190114C

first 20 min of observations (starting at TO+50s) for energies >300GeV. The relatively

high detection threshold is due to the large zenith angle of observations (>60
degrees) and the presence of partial Moon. Given the brightness of the event,
MAGIC will continue the observation of GRB 190114C until it is observable tonight
and also in the next days. We strongly encourage follow-up observations by other
instruments. The MAGIC contact persons for these observations are R. Mirzoyan
(Razmik.Mirzoyan@mpp.mpg.de) and K. Noda (nodak@icrr.u-tokyo.ac.jp). MAGIC is
a system of two 17m-diameter Imaging Atmospheric Cherenkov Telescopes located
at the Observatory Roque de los Muchachos on the Canary island La Palma, Spain,
and designed to perform gamma-ray astronomy in the energy range from 50 GeV to
greater than 50 TeV.
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The most intense, purest signal in VHE gamma-ray astrophysics:
GRB190114C detection by MAGIC at E > 200 GeV

800
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Gamma-rate from GRB190114C & Crab Nebula by MAGIC
for the first ~100 s after start of data taking

Please note the Y-axes scale difference of x 10 for the GRB190114C
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Observed and EBL corrected Energy Spectra
GRB 190114C by MAGIC
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GRB 190114C compared to other long GRBs
It is not too special

55.0| Atteia+, ApJ 837, 119 (2017)
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MAGIC Hint From GRB 160821B
at ICRC2017

TS value map |

* Short GRB (T90 ~¥=0.5s) at z=0.16, § creteosctbom  Prefiminary R
triggered by Swift-BAT S z
* Swift-XRT: t < 300 s extended emission + 1
steep decay, t < 30 ks plateau? . 0
* No LAT detection. HST: hint of a kilonova? %
-2
* MAGIC: 24 s - 4 hr. Bright moon 3
61— m——

(3_9 X dark LONS) 18.8 18.7 18.6 F{g'sh]

* 3‘1 Sigma (pOSt-triaI) z§ 185_ Preliminary RT?;;-:Z:-mﬁt 1.0

N, = 12.4

hint at E 2 600-800 GeV

{ { Significance (Li&Ma) = 3.09c




~5 months after MAGIC GRB Detection
At CTA Symposium in Bolognha on 8t of May 2019
H.E.S.S. Reported on GRB 180721B

The GRB180720B detection

* 10 hours after the Swift trigger
Quentin Piel ICRC2019

* Redshift z=0.653 (ESO-VLT/X-shooter )
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H.E.S.S. Detection of Afterglow From
GRB180720B

The GRB180720B detection

. 103 ¢ H.E.S.S. (100 GeV - 440 GeV)
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H.E.S.S. Detection of Afterglow From GRB190829A

GRB190829A: Detection of VHE gamma-ray
emission with H.E.S.S.

ATel #13052; M. de Naurois (H. E.S. S. Collaboration)
on 30 Aug 2019; 07:12 UT
Credential Certification: Fabian SchAAYssler (fabian.schussler@cea.fr)

Subjects: Gamma Ray, >GeV, TeV, VHE, Gamma-Ray Burst

The H.E.S.S. array of imaging atmospheric Cherenkov telescopes was used to carry
out follow-up observations of the afterglow of GRB 190829A (Dichiara et al., GCN
25552). At a redshift of z = 0.0785 +/- 0.005 (A.F. Valeev et al., GCN 25565) this is
one of the nearest GRBs detected to date. H.E.S.S. Observations started July 30 at
00:16 UTC (i.e. TO + 4h20), lasted until 3h50 UTC and were taken under good
conditions. A preliminary onsite analysis of the obtained data shows a >bsigma
gamma-ray excess compatible with the direction of GRB190829A. Further analyses
of the data are on-going and further H.E.S.S. observations are planned. We strongly
encourage follow-up at all wavelengths. H.E.S.S. is an array of five imaging
atmospheric Cherenkov telescopes for the detection of very-high-energy gamma-ray
sources and is located in the Khomas Highlands in Namibia. It was constructed and
is operated by researchers from Armenia, Australia, Austria, France, Germany,
Ireland, Japan, the Netherlands, Poland, South Africa, Sweden, UK, and the host
country, Namibia. For more details see https://www.mpi-hd.mpg.de/hfm/HESS/




telescope

Big International Project

Constructing CTA
(cta

.m 1400 scientists from 31 countries = | \ Comparlson with HESS MAGIC, .
| . i ' ) ' ' ) \/ ~ VERITAS .
N\ Sensitivity x 10
Angular res. x 3
Energy range x 10 -
Energyres. x 2.
m Number of sources x 10
- (more than 1000 objects)
Visible distance z< 4
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== CTA North

Observatorio del Roque de los Muchachos

array




= CTA South

ESO site Chile Paranal




telescope

cta o= Two sites for
=~ all sky observatory

Roque de los Muchachos Observatory Paranal. Chile
La Palma, Spain ’

- Northern Hemisphere . Type: Southern Hem |sphere . Type:
23-mLST @ I - =, . " - 1 BMLST @
) 12-mMST o i ° . 12-MMST  ©
F ) - (MAGIC) o© . = ° . " 4-MSST =
(<]

.
: - 5 L] o " s
P —— Pty s [}
/ o ® @ o © ®
o oy L] . B =
1513
[

- MST3 @ ist4 MSI'.IU . . B ° ° ° © ©e@%° © - - - 14
[} ‘ 4 maict L] e _© L e e s
1ST2 [ . " e
1sT1 O wmsto . @ (6] :
°
isTi MAGIC2 e @ o
250 m " N
° . - . s
MST2
‘ L L [] n 1000 m
° ° MST 11 @
MST1 MST?7 L] b " L
L B s [}
o [}
MST12 [ B
° s ® : °
MST13 o r 1Y
MST 14 Circle:
- 400m = Circles:
o - - 400m

- 800 m
-1200 m

1 1 1 1 1
. | | | 4LSTs, 25 MSTs, 70 SSTs

4 LS4 LSTs, 15 MSTs



Sensitivity x10,

( cta == Angular Resolution x2

E2 x Flux Sensitivity (erg cm?s™)

Energy Range 20GeV~200TeV

L _ _ 10-3
z o oq04 L, :
101 -3 . ».;gffrml-LAT —— E = 25 GeV
= g8 c 10 See,
- 13 o
- g 8 10°
g w
- _§' E 10-7
3 pra
1072 = — 8 o 10%
= 3% w
- 18 5 10°
B 7] E o -10
B | g E 10
1078 — g 5 10"
- 1% £ 107
— ) . _| o
B Differential Iﬂ:.llxlsensnllvm{ o o o ] 10_13
102 107" 1 10 102
Energy EH (TeV)
B CTA-LST array contributes to the sensitivity in low energies
m >20GeV Threshold Energy
B Distant AGNs are observable up to z=2, and GRBs up to z=4
B X10000 sensitivity for GRBs and AGN flares than Fermi
B First observation of GRBs from ground



CTA-LST Project: big International Effort
BR(Brazil), DE(Germany), ES(Spain), FR(France), IN(India), IT(ltaly),

Focal Plane Instr. g HR(Croatia), JP(Japan), PL(Poland), SE(Sweden)
Electronics (JP/IT/ES/FR) ‘

Camera body (ES)

Camera Supporting
Structure (FR/IT) Mirror (JP)

Interface Plate(JP/BR)
Actuator (JP)
CMOS-Cam (JP)

Camera Access : Star Guider (HR/JP/SE)
Tower (ES/DE) 2 7 2 Calibration Box (IN/IT)
N\ " Cabling (DE/FR)

Flywheel, UPS (JP) 7
Computers, network (JP)

INFRA (ES) Structure (DE/ES)

Access Tower (DE/ES)

<
)

¥ P b
T

i T

Drive (ES/FR/DE)
Bogie (ES/DE/IT)
Rail (ES/DE)
Foundation (ES)




cherenkov

tlescope LST1: Mirror dish installation

Dish installed on the understructure, Dec 4, 2017




LST1: Mirror installation

Special offer for you: .
We can put your name with 5kEuro ¥

here is 'Martin' mirror as well ;)



cta == LST1: CSS installation
™ 22 June 2018
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cta == e LT 121 Camera rolled in
— 25 Sep 2018

fﬁ ',,.v_&,
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ctq o LST1 Inaugurated
on 10 October 2018

array




cta == Fast Rotation of LST1 for

array

— GRB observations (April 2019)




Active Mirror Control and PSF

telescope

(Image of Arcturus) May 2019

PSF < 0.1 degrees in diameter =» D80 =0.05 degrees reached

- Teflon Target . Teflon Target
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Cal Lazar
s e y

credit : M. lori

Pulse shapes before calib.

Wave length 355nm
Pulse Width 2nsec
Lazar Stability 1%
Uniformity <2%

2500

2000 4

1500 4

1000

PMT gain calibration

Gain vs HV relation

IP3-134 ch 0 HV Gain Curve

i 1
1000V 1200V 1400V

HV

10

Gain

T Illllll] T IIITIIII

7T lll”ll

lllll

std.dev. 2%

FHEEHT Drin

PR T T O SR

hGain_before
Entries 1853
Mean 1.019
RMS 0.1562
hGain_after
Entries 1853
Mean 1.005
RMS 0.02283

PR B

without|2 ouf

tliers

04 0.6

Charge

14 1.6

[a.u.]



array

(cta e LST-DAQ System

Camera 10 Gbps x6 10 Gbps x4 Infini Band x2

|

|

Select Low gain or High gain ch,
and reduce data volume

Camera Rate/Hz
g

:

At 7.5 kHz trigger rate 5% deadtime
At 15 kHz trigger rate 10% deadtime

O Raw data = 356 kBytes /events = 2.85 Mbit
L Limit of data transfer: 60 Gbits/sec
O Trigger rate can be up to ~20 kHz

(d Deadtime 7.5 usec / events

—f— Camera Rate
------ Deadtime

F-Y

(%]

E3
Relative Deadtime

20%

15%

10%

5%

0%

5000 10000 15000 20000 25000
Input Trigger Rate / Hz
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Y position (m)

Charge: Event ID 106457

1.0

0.5 -

0.0 -

-1.0 4

-1.0 -0.5 0.0 0.5 1.0
X position (m)

ERE

4000

3000

tion (m)

2000

Y posi

1.0 A

o
wn

0.0 -

—-1.0 -

Test Observation August 2019
Trigger is not optimized yet

Peak Slice

-1.0 -0.5 0.0 0.5 1.0
X position (m)

RAIVT



array

(Cta cherenkov TeSt Obsel‘vatiOn

Number of events

10° -

103 .

107 -

10* 1

10° 5

Intensity distribution

Fitting region

b === Threshold of image cleaning
"'1L Fitted function
I | [ obs data
L -
L_]‘
i
~ | &8
200 p.e. b
1|_1
L_l__l_\_\

n_events : 96559
effective time : 48.1 £ 0.1 [sec] ||

Z

L—-threshold (=12 ph.e.) ]

10! 10¢ 10° 10¢ 10° 10°
Intensity [phe]

Trigger is not optimized yet

Run#:1321
Event rate : 1837 Hz
Pedestal: 50Hz

Size(p.e.)(Med) : 200 p.e. =>
Eth for gamma: 60 GeV
dlog N/dlogSize o« E*-1.39

Acceptance o« E*0.25 (from M.C.)

dlogN/dlogE < EA-1.65
=>» Consistent with P + He spectrum
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- Science e
with the '

Cherenkov
Telescoga -+

Array

Read this document!!

=t 211 pages, >500 authors

It will invite you to support this project,
and then to work on that!!

arXiv:1709.07997



(Cta awee  Super Massive Black Holes ~108 M,
array

Candidates Sources for >1018eV Cosmic Rays

77 m What is the Maximum Energy?
F /. m Can reach to 1020eV?
: e Sl e B Energy source is accretion disk or

& R WErRTH
" 4* rotation energy of Black Hole?

ARy m Explore Black Hole sub Horizon
SYNCHROTRON yray
PHOTON |

AMBIENT

_,Eﬂ?gagO?gON -» PROTON - INDUCED Red closed circles are Super Massive Black Holes
;:%%%TON. | CASCADE observed MAGIC, HESS, and VERITAS

“BlLACk. | INVERSE - COMPTON
HOLE ~ / SCATTERING

Plasma Jet haé a speed of 99% light velocity
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CTA: Ultimate Survey
Machine

~200 VHE gamma ray sources have been discovered

Observed Universe at V.H.E

Visible Universe with CTA

218+35 (z=0.944)

] Fiate
-0.55 3C 270 (220 5362) & +F PG15534113 (2=0.5)

1

15 1
9 Byr after Bigb Bang Early Universe
1.6Byr after Big Bang

275 15 1L,



E2F(E) [erg cm~2 s71]

E2F(E) [erg cm~2 s71]

telescope

array Neutrino from photo-pion process?
Smm— = UHECR Sources (>10'8eV)

cta o= IC170922A / TXS 0506+056

original GCN Notice Fri 22 Sep 17 2055:13 UT
refined best-fit direction IC170922A

10

Ice Cube Observation (~300TeV)

. pe = |C170922A 50% - area: 0.15 square degrees 9
o8, — |C170922A 90% - area: 0.97 square degrees 8
: 4 - 62 TQ
7 P
- } o c .
L3-8 & _ g . : Fermi LAT
. 1 £ 5 O
- : 5 G
= § 1 £ 3 (>100 MeV)
H ¥
. » . 3 E)
i 50 4
: 3 3 1
. 9
46 0

. . 7
Lepto-Hadronic Scenario 65 .
Frequency [Hz]
109 10" 10% 108 107 10 102 102 10 107 10® 103 10% 5
T T Ep max = 1016 62 4 E
10"t = e-sync. jet & § MAG IC
I == e-sync. sheat S 3 S
o] - = . £ (>100GeV)
'] 7]
R 0 . W 0 . W LT yn cascade
10735} Hsync. ™ 54 1 g
BH cascade 0 <
= total EM =
10-17 Vy -1
" Al - PKS as«::a.mp
b -2
1071} ¢ 7
MAGIC PSF -3
® MAGIC 58057 46
1078 ® MAGIC 58029- 78.4 78.0 77.6 77.2 768 764
¢ MAGICLS Right Ascension
5 ¥ Fermi-LAT
10° ®  NUSTAR 58025 .
o usTaRsas GTC Observation z = 0.3365
10—17 )

10"" . ld’z ‘ 160 - 162 I 164 l 1(‘)“ : 1(‘)8 I 1610 I 10rl-‘2" ldl‘ ‘ 1615 ‘ 10‘18 H
Eneray [eV] S. Paiano et. al 2018




Cta cheronkov GRBs: good targets for CTA-LSTs
Q./ = Study the newborn baby black holes

CTA Simulation

(mF;lrgglsglts?;r) L s (Template GRBO08091 6C)
External L Time from GRB [sec]

Internal

150 :_ \ | | z=4.3, E>30Ge\:, 0.5 sec time bin _E

T \ | :

Gamma-ra 0 ]

S Aerglow - so_ﬁli lmmﬂ'}\t i mm o A AUI]E

: C .d Y” h,,tlll q!,,t t' IJ mﬂ'qf

Bulk Lorenz Factor 100-1000 | of SN

z=4.3, E>30GeV, 0.1 sec time bin ]|

_ l . l . S 4oL ]
1500 [- ' T S r ]
i z=4.3, E>30GeV, 0.5 sec time bin ] § 20 . |
§1000: /\ i 3 T H h Wi ‘ i i
o E A A LYY, VR e A )
8 ‘1 ) 10° 3 z=4.3, 0.5 sec time bin E>30GeV
m — = E>50GeV
8 500 . . i:% E>100GeV
% f . = 10
] g \*W S A Mt A s ] g f‘ V***%” [A L “’\*'
00 : 50 100 ’ i" ‘\ Hf |\ }# i "i“ ﬂ,"
B T Al Hu Jm il lf.|
Time from GRB [sec] 100

Tlme from GRB [sec]



(cta == Dark Matter Search

Mass Scale M,: 100GeV - 10TeV

Surprisingly Physicists, Astronomers and

Professors do not know well the Universe!! e N T
el
Heavy Elements: Q
/ Medium-energy ~ Electrons
gamma rays
Neutrinos \ ': :
0.3% 7»

Leptons

Stars:
0.5%

Supersymmetric

neutralinos Bosons Wrotons

Decay process )

Free Hydrogen
and Helium:
4%

Dark Matter:
25%

Dark Energy:
70%

Known Matter ~ 5%
Dark Matter ~25%
Dark Energy ~70%
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cta

Dark Matter Search

Sensitive M,: 200GeV - 10TeV

Low-energy photons
Quarks

P05|trons

Medium-energy Electrons

gummu rays

/

I Leptons

Neutrinos

Supersymmetric
neutralinos

Antlprotons
/\/\/W\/\/v\/\/\ﬂ/\» rotons

Decay process =)

Bosons

Y prompt spectra
10.0000 E T T
F bb

e (T

W*W-

10000}

0.1000 f

x>dN/dx

0.0100

0.0010}

0.0001 L . ,
0.001 0.010 0.100

x:E/mX

1.000

d® 1 < > «— dNY
7 = — 5 Jama¥ YB; x / dQ’ / p2di(r,0")
dE, 47 2miypup dE,
o , %Q los |
’Particle Physics’ ’Astrophy;i,cs’ orJ(E)
Particle Physics  Astrophysics
108 = XX — bE ,
: /o
C / :
— 102 / LAT IGRB
e = |
g - \ oS L
é 10'255— ___________
S & 5 Canonical-o
aese T 10 years, S5 D CTA GC Halo (500 hours)
0-27 1 1 1 1 L1 11 I 1 1 1 1 L1 11 l 1 1 1 1 L1 11
10 10? 10°

Gamma rays from Annihilation produce the bump
around 1/10 -1/20 Mx = 20GeV-1TeV domain

CTA gives the stringent upper limit.

M, [GeV]

Stefan Funk 2015

10*



(cta = Summary

* The new window to observe the Universe,
“High-Energy Gamma Ray Astronomy”

* Energy Frontier in the Electro-Magnetic window

* Four GRBs are recently reported by MAGIC and HESS
* MAGIC one is quite prominent.

* Dark Matter (increase our knowledge on the Universe from 5% to 30%)

e MWL and MM observation with GW and PeV/subPeV Neutrino!!

 CTA is under construction

* The new generation gamma ray observatory CTA with all our
experiences and new technologies

* In three years CTA-LST North will start the operation and offer the
world best sensitivity for H.E. Gamma Observation
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Multi-wavelength light curves of GRB190114C
measured > 20 space-born and ground-based
instruments

4 T |-||||||| T T LB LR | T T T L L R | T T T TTT11T

10* - 5
* MAGIC detected the | A
++ﬁ_ ) LAT (0.1-1GeV)
afterglow phase of o e _
the GRB - ;;—fil\i (10-1000 keV)
e Asignificant share T Ll Vo _
of GRB energy is emitted % _ wer T _
. ki —o—
in the TeV energy range | = .| 1 _
NOT XMM-Newton
OASDG 1T ronD ! NUSTAR
102+ - NTT |
1(;’_ 10' 10° 10° 10* 10° 10°
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Since 2005 we observed 105 GRBs

On average 8-10 GRB/year

Afterglow observations since 2013

24 with < 100 s delay & stereo,
4 out of which withz< 1.5

Red-shift distribution

Number of GRBs
w IS »

GRB 1608218B

Redshift distribution for MAGIC GRB: ereo mode)
llllllllllllllllllllllllllllllll (mono mode)
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N
o
|

GRB follow-ups

30°

-30°

Major Atmospheric
Gamma Imaging

@

Cerenkov Telescopes

750 90°
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