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Astrophysics at the Tera-electronvolt

University of Kyoto, 27/02/2023 David Sanchez, LAPP, Annecy



MAGIC
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VERTIAS
Arizona
Northern Sky

Imaging Atmospheric Cherenkov Telescope
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The major VHE experiments
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Northern Sky
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L APP Extragalactic science

Different types of sources

e Actives Galactic Nuclei
* GRBs
e Starburst

More fundamental physique
* Extragalactic background light

e Lorentz invariance violation
* Axion-like particles, DM

NGC 253

University of Kyoto, 27/02/2023 David Sanchez, LAPP, Annecy 4



cUAPP

Centaurus A: our close neighbour
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AGNs and Blazars

CUAPP
Blazars rQQ

* 10% of galaxies are Active

_ Narrow Line
Jet Region
* 10% of AGN have a jet

Broad Line //'/ ;
Region -

In TeV energies
Accretion
Disk

80 Blazars

4 Radio-Galaxies

2 Unknow types

Obscuring

Torus —

& 1ES0033+595

>

Blazars can not be resolve by IACTs.
How to locate the emission zone? MAGIC col.
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AGNs and Blazars

Blazars rQQ

Jet

Galaxies

. * 10% of galaxies are Active
Narrow Line

Region
* 10% of AGN have a jet

Broad Line //'/ ;
Region -

In TeV energies

Accretion
Disk

80 Blazars
4 Radio-Galaxies
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Blazars can not be resolve by IACTs.
How to locate the emission zone? MAGIC col.
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< CAPP Scale of Centaurus A
Centaurus A -

. o 1ee b | COLOUR COMPOSITE IMAGE |
Radio galaxy (NGC 5128) Distance: 165 000 gt Years ' OF CENTAURUS A JET ON
S £ - || GALACTIC SCALES

-> Nearest active galaxy at a
distance of 3.7 Mpc

-> Detailed morphological
analysis (1° = 65 kpc).

Distance:
4.000 Light Years

Moon for scale

Core l

Giant radio lobes

. . A « Distancé:
TANAMI Radio data | A @\)(165000 1 Light Year

Mdiller et al.
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cUAPP First Extended extragalactic source

Radio surface brightness
VLA contours (21 cm) VLA map * H.E.S.S.

« Large data set

: H.E.S.S. 5 o contour
 New analysis methods 42°56'00.0"

 Close to the instrument
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Extragalactic Background light
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Probing the Univers content

Extragalactic background light
* Infrared light from dust and galaxies
e Difficult to measure it from Earth

* Energy budget of the Universe
e Cosmology
* Galaxies formation and population

~
'

Gamma-ray photons

Frefjuency\v (GHz]|
10°

10°] T T
0.1 Tev

1TeV 10 TeV 100 TeV

aaaal

10° 10* 10°
Wavelength A
8 [MI Dole et al., 2006
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Probing the Univers content

Absorption in (infrared)
extragalactic background light (EBL)
v(TeV) + y(EBL) — e*e

E =

Physics of compact objects, Measurement of EBL
acceleration/absorption in jets,... (— Cosmology )
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(LAPP Probing the Univers content

Absorption in (infrared)
extragalactic background light (EBL)

E =

Physics of compact objects, Measurement of EBL
acceleration/absorption in jets,... (— Cosmology )
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EBL

First measurement of EBL at TeV by H.E.S.S.

e Assume EBL model
* measure scale of this EBL model

* 9 years of VERITAS observations
* Use a EBL grid models

EBL at z=0
Evolution with z ? M

v, [nWm?sr')

10°
ME 12 exclusion region [_J HESS. low energy
B H.ES.S. full dataset
v . ] HES.S. high energy
H.E.S.S. contour
(sysestat o)
v "

Direct measurements

10

AF, [nWm?sr')

VERITAS 68% containment
——e— BiteauvlWilkams 2015
—a— HESS 2017
MAGIC 2019
Gilmore 2012 Fiducial

A[wum]
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EBL

First measurement of EBL at TeV by H.E.S.S.

e Assume EBL model
* measure scale of this EBL model

* 9 years of VERITAS observations
* Use a EBL grid models

© MAGIC + Fermi-LAT —4— Best-fit value (stat. uncertainty)
o R

] Total uncertainty

EBL scale a (w.r.t. D11l)

v, [nWm?sr')

10°

ME12 exclusion region
B H.ES.S. full dataset
v . ] HES.S. high energy
H.E.S.S. contour
(sys+stat ,,)
v v
- Direct measurements
|-
7}
)
E
= :
c 10
u—«‘
<

[ ] HES.S. low energy

VERITAS 68% containment
——e— BiteauvlWilkams 2015
—a— HESS 2017
MAGIC 2019
Gilmore 2012 Fiducial
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Eo 1 | | MAGIC measured the EBL
% 01 02 03 04 05 06 07 08 09 1 up to a redshift of z=1
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The Transient sky @ TeV energies
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The detection of Gamma-ray burst

US military VELA program
7 pairs of satellites: 1963-70 - 1984

BATSE 4B Catalog
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CUA\PP A long journey towards the detection

e MWL observation

— From Radio to GeV energies

|”

— “canonical” light-curves in X-ray

Prompt and afterglow phases

— More than 169 GRBs seen by LAT (>100MeV)

University of Kyoto, 27/02/2023 David Sanchez, LAPP, Annecy 18



CUA\PP A long journey towards the detection

e MWL observation

— From Radio to GeV energies

|”

— “canonical” light-curves in X-ray

Prompt and afterglow phases

— More than 169 GRBs seen by LAT (>100MeV)

* No TeV detection ...
— Difficult detections by IACTs
— Fast even, could be at very high z

University of Kyoto, 27/02/2023 David Sanchez, LAPP, Annecy 19
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The detection of Gamma-ray bursts

* GRB 190114C (MAGIC Coll., Nature, 2020)
— 50 sigma detection

* GRB 180720B (H.E.S.S. Coll., Nature, 2020)

« GRB 190829A (H.E.S.S. Coll., Science, 2021)
— For 3 nights, low lum GRB?

« GRB 201216C (MAGIC Coll. ICRC021, S.Fukami)
— Large value of z=1.1

« GRB 221009A (LHAASO, GCN 32677)
— 18 TeV photons ?

University of Kyoto, 27/02/2023
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C()APP The detection of Gamma-ray bursts

GRB 190114C (MAGIC Coll., Nature, 2020)

GRB 180720B (H.E.S.S. Coll., Nature, 2020)
GRB 190829A (H.E.S.S. Coll., Science, 2021)

GRB 201216C (MAGIC Coll. ICRC021, S.Fukami)

GRB 221009A (LHAASO, GCN 32677)

50 sigma detection

For 3 nights, low lum GRB?

Large value of z=1.1

18 TeV photons ?

Dec (J2000)
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GRB 190829A by H.E.S.S.
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The detection of Gamma-ray bursts

GRB 190114C (MAGIC Coll., Nature, 2020)
— 50 sigma detection
GRB 180720B (H.E.S.S. Coll., Nature, 2020)

GRB 190829A (H.E.S.S. Coll., Science, 2021)
— For 3 nights, low lum GRB?

GRB 201216C (MAGIC Coll. ICRC021, S.Fukami)
— Large value of z=1.1

GRB 221009A (LHAASO, GCN 32677)
— 18 TeV photons ?

-8°36' |
48'

-9°00"

Dec (J2000)

12' g

24' B

1) All detected GRB are long
2) Detection of afterglow days after TO
3) Extrem energies reached

leceoloonslanesla. sl , SRR - odtl
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GRB 190829A by H.E.S.S.
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Flux (erg cm™2 s77)

The detection of Gamma-ray bursts
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The detection of Gamma-ray bursts

1077
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X-ray spectrum extrapolation to the VHE domain
Synchrotron only ?
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Multi-messenger astronomy

University of Kyoto, 27/02/2023 David Sanchez, LAPP, Annecy

25



([APP Multimessenger: UHE Cosmic Rays and Neutrinos

IC 170922A / TXS 0506+056

September 22 2017: IceCube alert
September 28 2017: Fermi-LAT detection of a gamma-ray flare from TXS

0506+056
consistent with the location of neutrino event IC 170922A (Atel #10791)

October 04 2017: MAGIC report detection at VHE (obs 28 Sept) (Atel #10817)

TXS 0506+056, first neutrino-blazar link

e Models has to include hadrons

e source of RC?
* Hint of hadronic component in

(A)

o

original GCN Notice Fri 22 Sep 17 205513 UT

b | azars 68 refined best-fit direction IC170922A 68
IC170022A 50% - area: 0.15 square dogreos
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Multi-messenger

Link BNS mergers sGRBs

Gamma rays, 50 to 300 keV GRB 170817A

Gravitational-wave strain GW170817

University of Kyoto, 27/02/2023
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Multi-messenger

Link BNS mergers sGRBs

Gamma rays, 50 to 300 keV

GRB 170817A

Gravitational-wave strain GW170817

Declination
(J2000)

H.E.S.S. observations
Use of tilling methods
No TeV detection of this event

13"15"0" 13M0"00" 13%05™00"
Right Ascension (J2000)
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Multi-messenger

16h

. IPN Fermi /
\_INTEGRAL

Large uncertainty region

Large than the IACT FoV (5 deg)
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Multi-messenger

CUAPP

LIGO
30° Swope +10.9 h
LIGO ™ :
virgo - ~ . Large uncertainty region
— I~ - N
Fermi/ | = = Large than the IACT FoV (5 deg)
o GBM =
16h 12h 8h
DLT40-205d
IPN Fermi
INTEGRAL >
» i o
30 . 30 E—

HaI|m Ashkar phd
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Need to use “clever” mapping methods to cover
the large area

More events for O4

Aim : have a joint detection GW-TeV




cUAPP

Current generation operates since early 2000
* 1 source per publication

* Few objects detected

Last 15 years has seen a change in paradigm
« Catalogs

 Transient sources
« Exploring other topics in physics

University of Kyoto, 27/02/2023 David Sanchez, LAPP, Annecy

31



CUAPP

Multiwavelength, multi-messenger...
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LST-1 results

MAGIC-II

N
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Detection of several blazars and Crab pulsar
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LST-1 First results

BL Lac (2021)

by IACTs

Reforned 1 by A

NGC 1275 (2022)

Detection of enhanced very-high-energy gamma-ray
mission from the radio-galaxy NGC1275 with the LST-1

ATel 915819
on 21 Dec 2022; 22229 UT

Crodential Certification. Juan Corting (JAuan Corting @ Cemat. es)
Subjects: Gamma Ray, TeV, VHE, AGN, Transient
Redorred 1o by ATel #

gamena-ray fhux rom the radio-galaxy N

J2000.0). The LST-1 cbserved NGC1275 on the night of December

2022 (MUD 59634), triggered by an increase in gamma-ray Sux detected by MAGIC and
Formi-LAT. In the preiminary offine analysis of the LST-1 data, NGC1275 has been
dotected with a signifi 3t More than 10 SIgMa with an average fux of approximately
3.0 x 1010 cmA-2 sA-1 above 100 GeV, Le. 70% that of e Crad Nebula, varying from
140% 1o below 30% at the beginning and at the end of the cbservaion, respectively Note
though that this is the result of a quick-look analysis. The LST-1 cbsenvations were
periormed during commissioning which began in 2018 LST-1 s a prototype of the Large:
Sized Telescope for the Cherenkov Telescope Array and s ped on he Canary sland of
La Paima, Spain. The LST-1 is desigred 10 perform gamma-ray astonomy in the energy
range from 20 GeV 10 3 TeV. LST-1 cbservations on NC nue during the
next few nights, multi-wavelength cbservations are encouraged. The preliminary offline
analysis has been performed by Chaltanya Priyadarshs a0.03) and Sewya
Nozaki (nozaki@mpp.mpg.de). The LST-1 contact persons for These cbservations ane
Juan Cortina (juan.cortina @ciemat es), Masahiro Teshima (mteshima@mppmu mpg.de)
and Mirela Nievas (mnievas®iac.es’

Detection of very-high-energy gamm
from BL Lac with the LST-1

First detection of this flare

on 13 M 2021; 2103 UT

Crocentiel Cortfication: Jun Corting (Aan Corting @ clemat o4,

Subjects: TeV, VHE, Requast for Obsarvations, AGN, Blarar, Translent

1 tlescope has 0beerved an INcroase in the very high-energy (VHE

Sux from DL Lacentse (RA22.02:43.9, OEC
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Detection of TeV photons

Primary y
y-ray enters the atmosphere

Electromagnetic cascade

¢

10 nanosecond snapshot

0.1 km? “light pool”, a few photons per m?

University of Kyoto, 23/03/2023 David Sanchez, LAPP, Annecy




The sky at VHE

o
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CUAPP

EBL effet at TeV

Frequency v [GHz|

Absorption is used to Gamma-
Gamma interaction

» Effect if z-dependent
* Non-linear effect -> footprint

#(0) = ¢(N,T,z) = N x (E/Ey) " x e ™2
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Astronomy with photons

CUAPP
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E2.dN/dE(erg cm~2 s71)
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CE)APP Evolution of the EBL with redshift

A, [NnWm 2 srad ']

g LI MAGIC + Fermi-LAT —4— Best-fit value (stat. uncertainty)
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