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Part 2: Results & CTA
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Fermi Satellite .

LAT:© 10MeV-300GeV - o - . - . T8
BGO R | e i ———— . P/
GBM: 10 keV-1.MeV

> 5000 sources 50 MeV - 1 TeV
> 5000 GRBs

'z I m22.5 sr .
LAT: 10 MeV - 300 GeV
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NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky

PKS 1502+106

(o} o]
Sun Sun
October 30, 2008 August 4, 2008
PSR J1836+45925
Geminga
LS| +61 303 Unidentified PKS 0(757—115 . :
© -, - A R e [ ]
Vela [
Crab
NGC 1275 O
Unidentifled
& 3C454.3 O
47 Tuc
< —\/ e
S, ermi
Gamma-ray ' . .
Space Telescope Credit: NASA/DOE/Fermi LAT Collaboration

Satellite experiment: 100 MeV - 100 GeV

point sources, extended sources and diffuse emission, ...
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Fermi-LAT: 2-year catalog

Satellite experiment: 100 MeV - 100 GeV
point sources, extended sources and diffuse emission, ...







Gamma Ray Bursts
Fermi GRBs as of 171126

T o X K Sa
s - - ¥

2218 GBM GRBs

139 LAT GRBs

In Field-of-view of LAT (1163)

Out of Field-of-view of LAT (1055)




Fermi data reveal giant gamma-ray bubbles

The Fermi Bubble

. 4 Femnant of
recent activity
Of our galaxy z Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.

Gamma-ray emissions

\ " .'. .

X-ray emissions

|- 50,000 lightyears

"

Milky Way
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Distance from bubble center

Diffuseemission
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Bubble emission

Bubblespectrum

Spectrum of diffuse
gamma-ray emission
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Major gamma-ray flare from Crab Nebula
(April 2011)

I

Crab was always seen as the “standard candle

200 |

100 [

Flux > 100 MeV [ 10" cm2s]

55662 55664 55666 55668 55670 55672 55674

MJD

Flaore State
April 2011
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Crab Nebula
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Flux > 100 MeV [ 107 cm2 5]

E (GeV
z 5 E(GeV)
Flux
107
Spectrum varies with time. iy
Allows study of the \ g
“dynamic processes” . \i
of particle acceleration. \ \\
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Fermi:

LIV test: GRB

Fermi LAT+GBM:

QG energy scale > |.2 Epjanck

(linear dep. of the speed of light on energy)

... plus many more
exciting results.
|00s of papers...
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Time since GBM trigger (263607781.97) (sec)



Seaveh for “dark maatter” with ganuma rays.

DM particles should cluster in gravitational potentials
e.9. ln centre of galaxies

They could annihilate and produce gamma rays
L.e. line emission

XX =YY, V4, vh "

BR(XX — 77) ~ gy, ~ 107

e1n |

>




Understand the gamma ray sky ...

- =+

data sources galactic diffuse Isotropic

dark matter??

... before claiming Dark Matter



search Lwn several,
theoretically suggested,
regions for

emission from DM
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tndieation. of an enatssiow Ling frons the galactic centyre at
€ =130 Gév
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Blob of emeission frowe the galactie centre L the 120-140 GEV vange

Ferml80<E<1OOGeV Fermi 100 < E < 120 GeV
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FiG. 3.— All-sky CLEAN 3.7 year maps in 5 energy bins, and a residual map (lower right). The residual map is the 120 — 140 GeV map
minus a background estimate, taken to be the average of the other 4 maps where the average is computed in E2dN/dE units. This simple



HAWC High Energy Catalog

7 candidate sources, energy > 56 TeV, energy spectra forth coming

g

—

3143 165367
N 20 WC (PA R .
WG an

P T
>56TeV.

o : o
> 100 TeV | ; | E PRELIMINARY emiat
- : 3 1 x4 e : X, a) 3 38 TR . r ¥ .. 8 .

> Acceleration mechanisms: hadronic or leptonic?
»  Correlation with neutrinos?

> Prospects for testing Lorentz Invariance Violation.



Multisource Fitting Example:
Hunting for CR Acceleration in SFRs
with HAWC




Latest Survey: HAWC 11/2014-04/2018

>39 candidate sources, pivot energy ~ 7 TeV

]

PRELIMINARY

- PRELIMINARY

Crab at |70 in 8 years.

2 1 0 1 2 3 4 5 6 7 8 9

The Astrophysical Journal, Volume 843, Issue 1, article id. 40, 21 pp. (2017)



Galactic Plane Observations
over the Years

Milagro (2000-2008)

1
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HAWC Pass | (2013-2014, partial array, candidates
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HAWC Pass 4 (11/2014-04/2018)

Milagro was located near Los Alamos, New Mexico
e different sensitivity by declination along Galactic plane.
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HESS

Current imaging
Cherenkov telescopes




+180

Source Types
6 PWN
'm 6 XRB PSR Gamma BIN

6 HBL IBL FRI FSRQ LBL
AGN (unknown type)

background image: now: >200 sources (> 100 GeV) U
Fermi sky map (MeV-GeV) gal./ extragal./ unid. :Starbwst |
b DARK UNID Other
gamma ray emission is present ® 2 cgion Globuiar Custer
Cat. Var. Massive Star
wherever there are shocks and relativistic flows (lass unclean WR 1



TeV astronomy higl‘l“ghts from HESS, MAGIC and VERITAS

Descartes & Rossi Prize for HESS

Supernova remnants: Nature 432 (2004) 75
Microquasars: Science 309 (2005) 746 Science 312 (2006) 1771
Pulsars: Science 322 (2008) 1221 Science 334 (2011) 69
Galactic Centre: Nature 439 (2006) 695 Nature 531 (2016) 476
Galactic Survey: Science 307 (2005) 1839
LMC: Science 347 (2015) 406
Black Holes: Science 346 (2014) 1080
Starbursts: Nature 462 (2009) 770 Science 326 (2009) 1080
Active Galactic Nuclei: Science 314 (2006) 1424 Science 325 (2009) 444
EBL: Nature 440 (2006) 1018 Science 320 (2008) 752
Dark Matter: PRL 96 (2006) 221102 PRL 106 (2011) 161301
PRL 114 (2015) 081301 PRL 110 (2013) 41301

Lorentz Invariance: PRL 101 (2008) 170402
Cosmic Ray Electrons: PRL 101 (2008) 261104

D e~ - —————— S

+ many papers in other journals
... a booming field.
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~30 pulsar wind nebulae (PWN)

young (~10 ky) pulsars with large spin-down power
magwnetised relativistic winds

worphology
SED: GeV - TeV connection

SNR - PWN connectlon
electron cooling
Popu.l,atiow stuwoties

TeV PWNe GeVv PWNe

Spin Down Power/Distance? [erg/s/Kpc?]




€.9. HESS J1825-137F
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Gamma Ray Sources

RX J1713.7-3946 a supernova remnant shell



Supernova Remnant RX J1713.7-3946

100

10

1

2 2
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0.01




HESS:
gal . Centre Supernova Remnant G0.9+0.1

HESS J1745-290 (The Galactic Centre)

CRs with
mol. clouds

Emission along the Galactic Plane

Mystery Source HESS J1745-303




A PeV-atron in the
Galactic centre

Nature 531, 476-479 (2016

H.E.S.S. 2016:
diffuse emission in
Galactic Centre Ridge region

Presence of protons of = 101° eV

Dataset: 2004 - 2015
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untypical for extended emission densities from molecular line surveys. 34
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Time - MJD53944.0 [min]

BL Lac object z=0.116
bursts on minute scales
I' = 100 are required

135



Extragalactic Background Light

The Gamma-rRay Horlzonw  VYrov + Ve =—>  ete

z=5 — 'L
whole universe vistble LL e+
1 Beamed sources, timae varia bLLLtg
z=1 —
NI — 3C279
1 Gpc - ‘)e-
= ’
—  Mrk 421
(4] - .
0o 100 Mpc Precisiton stud Y of
3 local €4 sources,
e resolved worphology
C 10 Mpc -
()
()
Z — CenA
1 Mpc — o
Preclslon s’cudg of — M 31
galactic CR sowrces,
up to the kwnee
100 kpc — Cherenlkov
T eLescopes
<€ >
10 kpc =
P —  GC
| I I | | | | | |
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Mazin et al. 2012

s MKN 501, HEGRA, measured
e Expected spectrum to be observed
e e

- T Reconstruced intrinsic spectrum with "correct EBL’
- s Reconstruced intrinsic spectrum with EBLx1.3
E 10— = | =memeaa. Crab (MAGIC) _
5 I E
5 = _
> | 2
wn = —
g T € reconstructed
> 107 ;/a- R S e ]
— had B -~ ! ]
z = 2 98 e =
wi - ‘oo , - :
-11 : ARG % il
10" == Observation time: 50.0 hours i % E:][;] — measured (Heg ra)
—  AGN spectral form: dN/dE = N x (E ) s -
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analyse absovptlon features Lin the spectra of distant sourees.
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Gamma Rays are ubiquitous:

many sources / source types
complex structures in space, time and energy

test extreme end of high-energy phenomena

complement observations at longer wavelengths
with other particles

The Imaging Atmospheric Cherenkov technique
is not yet at its limit:

Big improvements are possible with existing technology.
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Science Scope:

Origin of the galactic cosmic rays
Also UHECR signatures
Role of ultra-relativistic particles in
in clusters of galaxies, AGN, Starbursts...
The physics of (relativistic) jets and shocks

Dark Matter annihilation / decay
Lorentz Invariance violation

15

Hydrogen and

uasars o) F
- 5 Helium gas

cosmic FIR-UV radiation,
cosmic magnetism
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cta

cherenkov telescope array

The future with

An advanced facility for ground-based gamma-ray astronomy.
CTA is the global, next-generation project
with largely enhanced performance and energy range

two observatories (South and North),

probing the extreme universe with huge potential for
high-energy astronomy and fundamental physics.

www.cta-observatory.org 14



Boosting sensitivity & resolution:
Arrays of Cherenkov telescopes

Shower
Light pool
° o o o
sweet
spot
o o o
o o
Single telescope o o
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Core armg:
mCrab sensitivity
Ln 0.1-10 TeV range
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Not to scale !
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Not to scale !



Not to scale !
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Low-energy section

energy threshold

of some 10 Gev

(a) bigger dishes or

(b) dense pack’im@ /
high-RE sensors
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!, & ' A 5 10X more sensitive than current instruments

+ much wider energy coverage and field of view
substantially better angular and energy resolution

telescopes: ~100 (3 sizes)

Design: 2008-12,

g Prototypes: 2013-16,
| Construction: 2016-2|
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From current arrays to CTA

© O O O
©O O O O O
© O0.0,0 O

large detection area _—

more images per shower
lower trigger threshold

O O O O O
O O O 0O O

O



CHERENKOV IMAGING IMPROVEMENTS

Improved imaging: larger fov, finer pixels
Large dish
Stereoscopy
Large arrays
High-QE PMTs, silicon sensors
Novel optics concepts
Extremely detailed simulation models
Atmospheric monitoring and modeling
Use of pixel waveforms
Image fitting
Deep neural networks
Run-wise simulations




The Gamma-Ray Horizon Y, e+ Yy — ¢te
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One observatory with two sites
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mid Latitude, Large, flat avea,
~2 kw altitude,
good seeing, easy access, ...
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Iquique
ly

N Paranal, Chile (ESO site, Atacama desert)
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Baseline Arrays

South: 4 LSTs 25 MSTs 70 SSTs North:4 LSTs 15 MSTs
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Sensitivity to point sources
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O >
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10713

Differential flux sensitivity
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3 telescope sizes for a wide energy coverage

Sensitivity (in units of Crab flux)
for detection in each 0.2-decade energy band
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Angular Resolution:

< 0.l for = 5 images
or for E> 100 GeV (= 4 images)

angular resolution [deg]

Run: 106 |
local trigge

Run: 106 Event: 65408 Type: 0 (0) Tkg:_g AP
local trigger: 123456789 10111213 14 15 16
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Hydra A

«.. allows study of morphologies

CenA

SN 1006
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CTA observation modes -‘ |
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CTA QM Mi (Steady sources)
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= Good complementarity,

= = covering 6 orders of mag.
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Variability and Short-Timescale Phenomena

(flares, GRBs, ... all sorts of transients)
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Performance: Sewsitivity
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(degrees)

Angular Resolution r

Performance: angular and energy resolution
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Current Gal:

VHE sourc
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CTA will be the
ultimate instrument ...

. for surveys
~400x faster than H.E.S.S.

... for transients
at 25 GeV,

104x better than Fermi

Two observatories (S+N)
for full-sky coverage.
visibility for 1% Crab sources



CTA prognosis: >1000 new sources

galactic disc
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300 280 260

CTA prognosis:

~600 sources

S P g

galactic + extragalactic: = 1000 sources
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SOUYCES

Source Number

Gamma-Ray Astronomy
goes “mainstream”
10000
Adapted from
Tadashi Kifune Fermi
CTA
1000 | e AL
/
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/
X-ray !
Satellites ’
100 | O
HE y-ray
Satellites
io|, J 4
Ground-based
VHE y-ray obs.
T 4l /S
1960 1970 1980 1990 2000 2010
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existing telescopes
of different sizes
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MPIK Heideleg

DESY Zeuthen

France / Spain

MST Prototype

717 pixels

Rotation




SCHWARZSCHILD COUDER :
TELESCOPE (SCT) it

Single-mirror

Dual-mirror
SCT

(Simulated events)
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Large Size Telescope Prototype

Ground breaking on La Palma

: Large Size Telesc
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SST Prototypes

dual mirror telescope

at Cracow
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Number North array
Number South array

Optics
Optics layout

Primary mirror diameter (m)
Secondary mirror diameter (m)

Eff. mirror area after shadowing (m?)
Focal length (m)

Focal plane instrumentation

Photo sensor

Pixel size (degr.), shape
Field of view (degr.)
Number of pixels
Signal sampling rate

Structure
Mount

Structural material
Weight (full telescope, tons)
Max. time for repositioning (s)

Tels. technical data

4

Parabolic mirror

23
368
28

PMT
0.10, hex.
4.5
1855
GHz

alz-az, on
circular rail

CFRP / steel
100
20

e PR
MST SCT SST-1M ASTRI SST-2M W
15 TBD 0
25 TBD 70

Davies-Cotton Schwarzschild- Davies-Cotton Schwarzschild- Schwarzschild-

Couder Couder Couder
13.8 9.7 4 4.3 4
— 5.4 - 1.8 2
88 40 7.4 6 6
16 5.6 5.6 2.15 2.28
PMT silicon silicon silicon silicon
0.18, hex. 0.07, square 0.24, hex. 0.17,square  0.15-0.2, square
7.7/8.0 8.0 9.1 9.6 8.5-9.2
1764/1855 11328 1296 1984 2048
250 MHz / GHz GHz 250 MHz S&H GHz

alt-az positioner alt-az positioner alt-az positioner alt-az positioner alt-az positioner

steel steel steel steel steel
85 ~85 9 15 8
90 90 60 80 60

| 74



Technological challenges:

CTA: - 30 years of operation *#%
— in a desert environment, exposed to wind & weather
— earthquake proof

— Opt. & mech. precision (not too good)

- minimal operating costs (< 10% invest/yr) “**
— robust, quick construction,***
error-free operation, easy to maintain R
— cheap, light-weight, long-lived mirrors

— cheap, efficient photo sensors

— low-power electronics, cooling, computing

*%% improved wrt.
existing instruments
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CTA Consortium

A

33 countries

88 parties

202 institutes

1308 members (438 FTE)

Argentina, Armenia, Australia, Austria, Brazil, Bulgaria, Canada, Chile, Czech Republic, Croatia, Finland, France, Germany, Greece, India, Italy, Ireland, Israel,
Japan, Mexico, Namibia, Netherlands, Norway, Poland, Slovenia, Spain, South Africa, Sweden, Switzerland, Thailand, UK, Ukraine, USA 176



Main Science Themes:

Cosmic Particle Acceleration

— Particle acceleration

— Particle propagation

— Impact of rel. particles on their environment

Probing Extreme Environments

— Processes close to neutron stars and black holes
— Processes in relativistic jets, winds and explosions
— Cosmic voids

Physics frontiers

— Nature & distribution of Dark Matter
— Lorentz-Invariance at high energies

— Axion-like particles

— Exotics
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CTA Key Science Projects

Key Science Projects

Dark Matter Gca MG Galactic LMC Extra.- 1 . Cosmic Ray | Star-forming ACtM‘f Galaxy
Programme e Plane Survey Survey galactic Vs PeVatrons Systems Qalactic Clusters
Survey Survey Nuclei

Understanding the
Origin and Role of
Relativistic Cosmic
Particles

Probing Extreme
Environments

Exploring Frontiers
in Physics

Surveys Targets



CTA is a new, powerful observatory
for ground-based gamma-ray astronomy

— has a huge science potential (for a moderate price)
— offers an attractive mix of discovery potential and
a wealth of “guaranteed” good astrophysics,

— complements data from other wavelengths / messengers

— is almost production ready,
— first funding is in hand / construction start very soon ...

CTA will considerably advance our

knowledge on high-energy astrophysics
and cosmic accelerators.

https://www.cta-observatory.org
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More Details:

Design Concepts for the

Cherenkov Telescope Array
CTA

An Advanced Facility for Ground-Based
High-Energy Gamma-Ray Astronomy

The CTA Consortium

May 2010

‘“Design Concepts for the
Cherenkov Telescope Array”’

120 pages
Exp. Astronomy 32 (2011) 193-316

general info: www.cta-observatory.org

ELSEVIER

ASTROPARTICLE

PHYSICS

“Seeing the High-Energy Universe
with the Cherenkov Telescope Array”’

24 articles, 356 pages
Astroparticle Physics 43 (2013) 1-356

I C R The Astroparticle
Physics Conference

July 30 - August 6, 2015 ’
The Hague, The Netherlands

CTA Contributions to the
34th ICRC 2015, Den Haag

60 papers
arXiv:1508.05894
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Key Science Projects

arXiv 1709.07997 2017

World Scientific 2019
https://doi.org/10.1142/10986

210 pages

Contents

1.
2.
3

s

1S 00N U

12.
13.

14,
15,

Introduction to CTA Science
Synergies
Core Programme Overview

Dark Matter Programme

KSP: Galactic Centre
KSP: Galactic Plane Survey
KSP: LMC Survey

KSP: Extragalactic Survey
KSP: Transients

. KSP: CosmicRayPeVatrons

KSP: Star Forming Systems
KSP: Active Galactic Nuclei
KSP: Clusters of Galaxies

Capabilities beyond Gamma Rays
Simulating CTA

Cta

cherenkov
telescope
array

' PR -'_’: '
Scuen ce
‘with the ' -l .““ -

Cherenkov
T elescope

TﬁéCTAConsor’g um: -

. “ p' -F .
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Synergies with other existing and upcoming instruments

N 5 & A % 9 Q \ ) » 5
I N P P N S AN PN AN AN SN N

| Low Freiuency Radio |

)

[ MWA [ MWA (upgrade) )

( VLITEon JVLA --> (~2018? LOBO) J

Mid-Hi Frequency Radio ( Tt : , . )

_JVLA.V BA, eMerlin, ATCA, EVN,JVN KVN, VERA LBA GBT...(many other smaller facilities) )

) : - :

xaﬂ->Mea-KA'r -> SKA Phase 1 i ' ) ; ;

. : ' ( SKAI&Z (Lo/Mid) }

sub Mllllmeter Radlo ; ; :

~ JCMT, LLAMA, LMT, IRAM, NOEMA SMA, SMT SPT, Nanten2 Mopra,Nobeyama . (many other smaller facilities) )

— AT J

_( EHT (prototype —> full ops) )

Optical Transient F_?ctories/T ransient Finders | . : : : : : :

alomar Transient Factory —> (~2017) Zwicky TF ) (LSST (buildup to full survey mode) ):

PuSTARRSl —> PanSTARRS2 i " . v Y :
B BlackGEM (Meerlicht single dish prototype in 2016) )

Op calllRLa ge Facilities

HST

: : : f : . . - ' ' : : :
: IceCube (SINCE 2011) IceCube-Gen2?
ANTARES KM3NET-1 it‘MNET-Z (ARCA) w

|LJFI;IE Cosmic Rays [ : - : : ; : : ; : :

Telescope Array = _upgrade to TAx4 )
[ Pierre Auger Observatory = _upgrade to Auger Prime )
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Sichuan, China, 4410 m asl

intillators

5195 Sc

P -

1 m? each
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- 30 m spacing
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SOUTHERN
GAMMA=-RAY
SURVEY
OBSERVATORY
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200}

SGSO
E of
T
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—100}- of HAWC in the South
-200} Dense core area = LHAASO
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SENSITIVITY (STEADY SOURCES)

GeV challenge

PeVatron
challenge

digging deeper

|

y (o g

E2dN/dE = VF,
lerg/cm?s] 412

Illllll

HAWC w OR
5yr

Current Cherenkov
telescopes (50 h)

| lllllll

" Fermi 4
— Pass 8
= 50 h lyr O
= 1 1 1 llllll 1 1 1 llllll 1 1 lllllll 1 1 1 Illlll 1 =
1072 10~ 1 10 10°
adapted from
www.cta-observatory.org; LST Energy E [TEV]

J. Goodman, COSPAR 2018;
Z. Cao, La Palma 2018

MST

SST




The Gamma-Ray Horizon Y, e+ Yy — ¢te

Z=5 =
z=1 =
3C 279
1 Gpc -
= )
Mrk 421
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Q
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1 Mpc —
M 31
100 kpc —
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Multi-Messenger Physics:

Radio LOFAR,ALMA, SKA ...
optical VLT, GMT, eELT, LSST,...
X-rays SWIFT, XMM, SVOM, ...
Gamma rays (keV-GeV) Fermi, DAMPE, ...

(TeV) HAWC, LHAASO, CTA
neutrinos lceCube/Gen2, KM3NeT
gravitational waves Adv Ligo, KAGRA, Ligo-India

many complementary / contemporary experiments
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28 high-energy Vs

Clear evidence for
astrophysical origin
(>50)

worid

BREAKTHROUGH
 OF THE YEAR
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Nov 2013




Neutrinos create charged particles
which in turn produce Cherenkov light.

Muon-tracks
good pointing (<| degree)
large event rates due to long muon tracks

10 TeV

signature of v,
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Particle cascades
Veyr Vr
good energy resolution,
little background

.........
- v G & &% P
Tead o

signature of v, signature of v_
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Science paper:

7
6
5
4
3
2
1
0

MAGIC significance [¢]

|
-

PKS :@.r;quf@

(I
w N

76.87 76.4°

Right Ascension

[ Previous | Next| ADS| ]

First-time detection of VHE gamma rays by MAGIC from
a direction consistent with the recent EHE neutrino
event IceCube-170922A

After the IceCube neutrino event EHE 1709 detected on 2! 2017 (GCN circular #21916),
emission from the blaza (S 0506+056 (05 09
Astron. J., 139, 169 2 (2010)]), located 6 Il

lceCube + MAGIC + VERITAS + H.E.S.S. + Fermi-LAT

ID: 50579430
Date: 2017 Sep 22

Energy:22.00 TeV

L1 |

y-ray intensity

n (ATel #10791) observed this source

from other observatories have been reported in ATels: #10 7
#10799, #10801, Gt #21941, #21930, #21924, #21923, #21917, ) e M o
observations 2 i Q
{.Satalecka (konstancja.satalecka@ v.de). M 0
g Atmospheric Cherenkov Te v
de los Muchachos on the Canary island La Palma,
astronomy in the energy range from eV to greater than 5



The W
KX neutrino event in IceCube TXS 050&6+56

Event 130033/50579430-0 Fermi-LAT detection of increased gamma-ray activity of
Time 2017-09-22 20:54:30 UTC TXS 0506+056, located inside the IceCube-170922A
Duration 22468.0 ns - =

s i o 5 o error region.

i1 f?.fé‘!&'iﬂﬁ&‘%’i&i‘} Further Swift-XRT observations of IceCube 170922A

ATel #10792; P A. Evans (U. Leicester) A. Kexvam (PSU} J. A. Kennea (PSU), D. B.
ettt T — msyester), and F. E. Marshall

IC170922A b & bt ASAS-SN optucal Ilght-curve of blazar TXS 0506+056 be collaboration:
R I BusRidllocated inside the IceCube-170922A error region, shows
Alert sent SR L i increased optical activity
Sep 22, 2017 RARLIR O RUBRHA 71 #10794; 4. Franckowiax (0 AGILE confirmation of gamma-ray activity from the
via Realtime stream RS i o W--S;{,{.gg’;e;;,g,; IceCube-170922A error region

ATel #10801; F. Lucarell: (SSDCIASI and INAF/OAR), G. Piano (INAF/IAPS), C.
arars MALIOAR), M. Tavani (INAF/IAPS, and Univ

.2 B - Bo), P. Munar-Adrover, G. Minervini,
,. F|rst tlme detectlon of VHE gamma rays by MAGIC from [~ s st oo e

a direction consistent with the recent EHE neutrino |(cirs and inaFi1aPS), M. Cardilio
beti, M. Trifoglio (INAF/IASF-Bo), A.
event IceCube-170922A ptti (INAF/IASF-Mi), A. Chen (Wits
onte, Y. E lista, M. Feroci, F.
ATel #10817; Razmik Mirzoyan for the MAGIC Collaboration :};i:ta S?;’;gb;:‘::;l V. Vitforr")icr:i
on4.0ct 2017, 17.17 UT ENEA-Frascati), G. Di Cocco, F.
(INAF/IASF-Bo), A. Pellizzoni, M.

Coincident R R R  Joint Swift XRT and NUSTAR Observations of TXS  |ir r vatiess (1vis teiem) s
— 1 1 4% 8 g1 brselli, P. Picozza (INFN and Univ.

Obse rvatlons by 0506+056 Ilnati Il’nl;zpan lz)Z Zanello (INFN and

I Q\Te1 #10845; D. B. Fox (PSU), J. /1" M AXI/GSC observations of IceCube-170922A and TXS

Fermi-LAT and MAGIC 1V Ig L"é’ii’éf:i’&.iﬁi‘:ﬁiﬁﬁf’ﬂf 0506+056

onl2

ATe1#10838 H. Negoro (Nthon U.), S. Ueno H. Tomida, M. Ishikawa, Y. Sugawara,
=—xki, S. Nakahira, W. Iwakiri,

| VLA Radlo Observatlons of the blazar TXS 0506+056 ), N. Kawai, S. Sugita, T.

= ), A. Yoshida, T. Sakamoto,
d associated with the IceCube-170922A neutrino event %, = 00 = T oma
Hl ATel #10861; A. J. Tetarenko, G. R. Sivakoff (UAlberta), A. E. Kimball (NRAO), and["" Al iy X Mty A
1. CA. Miller-Jones (Curtin-ICRAR)
on 17 Oct 2017; 14:08 UT

Science 361 (2018) no0.6398, eaat1378

DESY. | Neutrino Astroparticle Physics | Summer Blot | PRC86 1 93



IC170922A / TXS 0506+56 - 4AFTN

. 9 °

-log1o(p)

Archival search

» Check historical IceCube data for pileup of neutrinos from
direction of TXS 0506+56

« Look for clustering in time

78.36° /1.36% 76.36°

Right Ascension

T. Kintscher

IC40 IC59 IC79 IC86a |IC86b |IC86¢c

5 1 1 1 1 1 -
- ==+ IceCube-170922A A R

o 47 Gaussian Analysis \ :
o34 — Box-shaped Analysis | \ Las

@ u

O o .
| - 20
1 - ___/_J_' 1o

04~ _‘_‘—_-"’_'—L‘_".'" e e = . = — —

20IOQ 20I1O 2011 2012 2013 2014 2OI15 2016 20I17
Science 361 (2018) n0.6398, 147-151

Inconsistent with background-only hypothesis at the 3.50 level

Independent of the 2017 alert when looking in this specific direction!

% DESY. | Neutrino Astroparticle Physics | Summer Blot | PRC86 | 94

* _______________________________________________ 4.69°

Declination



| |
Insplral Merger Ring-

Gravitational Waves:

SXSTT

event GWI150914 : Merger of two black holes 1.0l _
29 and 36 solar masses T 0.5 ﬂ )
9 ligh = i~
1.3 x 107 light years away Soof
5-0.5
° ° m
New messenger in the multi-messenger approach -1.0 T Numerical refativity | i
. . = Reconstructed (template)
to high-energy astrophysics. i
S 06} 14 &
2 0.5 H == Black hole separation -3 .5
Do grav. events produce also other measurable outputs S .4 |L==Btack hole relative velocity 12 %
. . . o 41 ®©
(light, neutrinos, gamma rays)!  Some might ... >10.3 pem— Lo &
0.30 0.35 o.4o 045

Time (s)

location

LIGO Hanford

N

=
>
v
c
@
-
o
@
—

r

LIGO Livingston

0.7 0.8
Time (sec)
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Another first: neutron star merger (NS-NS)

2017 LIGO detected the first binary Neutron-Star merger:
GW170817 - this time with an electro magnetic counterpart

Gamma rays, 50 to 300 keV GRB 170817A

Gravitational-wave strain GW 170817

Time from merger (seconds)




The follow-up of GW170817

LIGO
Swope +10.9 h
LIGO/ "
Virgo » A

IPN Fermi /
INTEGRAL

3000 astronomers / 70 observatories - Astrophys.J. 848 (2017) no.2, L12

|97 F



Energy Flux (Upper Limit) [erg / (cm?s)]

Real-time Multi-Messenger Astronomy @ DESY

[
« DESY PhD students happened to be on shift in Namibia, they scanned the uncertainty region within
three nights
« 3 of the lead authors of the H.E.S.S. paper (Abdalla et al 2017) from DESY
10° '‘GW170817 detection 1 Circulation of initipl J !
(GCN 21509, Fermi-GBM detection of SGRB 1 BAYESTAR map VLA Radio detection
10 LVC 2017, in prep.) inl.25s<t;<3.25s - (GCN-21513) @3GHz (Adams et al. 2017)
(GCN 21528, Goldstein et al. in prep)
107 i I
GCN 21507. Savche announcement
10_9 : (GCN 21507, Coulter et al. 2017a)
10710 _ T H.E.S.S. upper ljmits (95% CL)
Fermi-LAT limit (95% CL) - .
10 (GCN 21538) " -5 250" 3T ke
10712 : 3
16°%
107+ f .
-15 L 1 L 1 L w L L L
TR 10° 10! 10° 10° 10* 10° 10° 10’
Time since detection of GW170817 |s]
DESY

H.E.S.S. first ground-based pointing telescope on target, 5 hours after the event

198
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sSummary:
Gamma Ray Astronomy

— 1948: first ideas 41 years!

— 1989: first source (thawnkes teo Very dediecatedt ‘PMHS’LOLS’CS)
— 2000: ~10 sources ~|10 collaborators

—2010: ~100 sources ~1 00 collaborators

— 2030: ~1000 sources ~1000 collaborators

— Cherenkov Telescopes are the best means of
studying Y-rays at energies 50 GeV ... 300 TeV

— Astrophysics in the GeV ... >300 TeV range
will see major scientific progress with

Fermi, CTA and many other experiments
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Astroparticie Physics

- Astroparticle Physics is an exciting field.

- Highest energy particles are rare & difficult to detect
... but new experiments (with increased sensitivity) are getting better
in detecting these particle and identifying their sources.
- The most-energetic CRs, gamma rays & neutrinos
come likely from the same, most violent environments
in the universe. (Multi-messenger approach)

- Four new windows in Astronomy:
TeV gamma rays, Neutrinos, Gravitational waves, Cosmic rays

Bright future with many challenges for
bright young scientists.

200



