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and predictedthe main featuresof a specialemissiorwhen
an e movsin a transparent mediumwith a speecdhigher
than that of light.

A Thework of the genius who advancedhis time by half a
century, was notappreciatedby contemporaryscientists
and wasforgotten. In 1912 hecalculatedthe geometryand
the angleof emissiorrelative to the axis of movementof
the charge(1888, 1889, 1892, 1899, 1912a,b)

A Pleasenotethat during the endof 19th century scientists
believedthe spacewasfeeledin with Ether.
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Cherenkovight: the beginnings

A It took almost50yearsuntil the effectwasexperimentally
discoveredand later on got the nameCherenkov

A Also Sommerfeldtudiedthe problemof a chargemoving in
vacuumwith aspeedv > ¢ (1904). Theelativistic principles
prohibit such amotion in vacuumbut in a mediumwith
givenn then his equationsgive valid solution ( $onic
boomo) .

A First observationof ghostly bluish glow of bottlesin the
dark cellar, containing radium saltsdissolvedin distilled
water, by Marie Curie in 1910 (E. Curie, 1931).was
thought to bea type of fluorescence
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de carbone soumis au rayonnement ganuna. Note (') de M. L. Macrrer,

présentée par M. Ch. Fabry. pu blished3 articleson the
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est disposé de telle maniére que I'on puisse utiliser divers trains de prismes, 1 9 2 6
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ul.ili.sé sous émergence normale. La ‘lenLillu du collimateur est une simple AM aI Iet re CO n g n isedh e
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focale. L'appareil ainsi disposé¢ donne des spectres peu dispersés mais trés

: Jumineux ;-on peut sans difficulté, obtenir les spectres de corps faiblement CO n tl n u O u S S p e Ctr u m Of

phosphorescents ou fluorescents.
Nous avons pris.comme source de rayonnement y deux tubes de verre con-

tenant chacun 250™ de radium élément (sous forme de So*Ra) qui ont été e m iSS i O rth at WaS

placés dans une gaine de 2" de plomb. Le rayonnement émergeant était
constitué par des rayons vy, sans aucun rayonnement (3 primaire. Le foyer

radioactif a été placé, soit dans un récipient de bois muni d’une fenétre de ; CO ntrad i Cti n g th e

. celluloid et rempli d’eat distillée, soit dans un récipient en. pyrex substance

. ésent, 1 égligeable. ' -
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,trogra,phe, dont la largeur a pu étre rédmte & 0™ 2 sans augmenter exagé-
niptes rendus; 183, 1926; p: 374

——— failedto offer any deep
-pnr{e‘zl“s"ernI)rochélngmentdé?rmtdﬁv“.i":;lr;}ltl?ré'r@vc\ueil. i eXplanatlon

ance du 17 Jul“et 19"8
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Cherenkovight: the beginnings

A Pavel Cherenkovborn July 28th 1904 in goor
peasantfamily in village Novaya Chigla Voronezh
province

A 19241928studying in Voronezhsateuniversity.

A 1930:postgraduatestudent of SergejVavilov at the
Institute of Physicsof SovietAcademyof Sciencesn
Sankt-Petersburg [ater on FIAN).

A Had to find the fluorescenceaature of solventsof
uranium salts emitting bluish light

A Big washis surprisethat also puresolventsand even
water wereemitting the annoyingbackgroundlight
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Cherenkov, Tamm and Frank awarded Nobel
Prize in 1958

AS. |. Vavilov has
passed away in
1951 (after ~10
heart attackes).

ANobel prize is
awarded only to
scientists who are
alive
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Cherenkov Effect Cherenkov Effect

Medium, refractive index n

v < e v<em v>ein
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00Q 0P c0g polarization oT medium 00Q0pc0g 95 OCOODOO o
. cos @=1/pn
Reorientation of electric Similar to sonic boom ifv > c.. .
dipoles results in (very faint) v>c/n acouste
ap i diati Y ==> radiation from different points along the
Isotropic radiation trajectory arrive in phase within narrow

light-cone at the observer ==> bright light

Alnitially complaning about his boss: he had to
spend >11,5 hours in a dark, cold cellar, for
accomodating his eyes

AHe noticed that the emission is not chaotic, b
IS related to the track of moving particle.
A19341938 conducting a series of brilliant
expeirments.

AObtained doctorate in 1940
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The ExperimentalBeginning

1953

By usinga garbagecan,

a 60 cmdiametermirror

In It anda PMT Inits focus
Galbraith and Jelly had
discovereahe
Cherenkovight pulses
from the extensiveair
showers
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Gammaray Astronomy,
the bedinning
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Alexander Chudakov and the
Cherenkov Technique for
Gamma Ray Astronomy

1921-2001

fL = 7 =

e _

A .1.' 3

o .‘ / L »

f~ Crlme Experlm‘ent 1959965 ,
— Chudakov, et al(sSNR, radio galaxies)
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The PioneerTrevor Weekesand his10m @

Whipple telescopagavebirth to gray
astrophysics 9s from CrabNebulain 1988 !

e o LT I 0SftSac
a few s evaporate a solid
piece of steel, it can also
YSI adzNBE 3l YY
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Last year we celebrated the 30 year jubilee of
ground-based VHIgray astronomy

A The first9s detection of the Crab Nebulaarked
the birth of the VHErray astronomy as an
Independent branch of astronomy

A This detection was reported lize 10m diameter
WhipplelACTteamin Arizonalead by the pioneergy
of VHEgray astronomy Trevor Weekes, in 1989 [ el

A With the detection of the first gigantic signal from
the GRB190114C (in the first 30 s the gantaya
rate was x 130 Crab!) one year ago we celebrated
the 30 years jubilee of VHEay astronomy !
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CT1 started to collect data in summer 19¢
The Ftsignal from Crab Nebula fall 1992
-

2 X larger reflector, 1997

M. CT2i CT6: 5 more telescopes
. \ were built until 1997.
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The Fttelescope of
HEGRA, the CT1
(installed spring 1992)
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The HEGRA detector, including

6 air Cherenkov imaging telescopes
Location: ORM @ La Palma
Operation 1992 2002




Gamma Ray Bursts

engine

Promp

A Most powerful, violent, distant explosions in the Universe

A 2 different populations, short and long bursts

A Long GRBs: T > ~ 2s; massive star collapse salitaistic jet

A Recentdetection of a gravitational wave signal consistent with &
binaryneutron star merger and associated to a ShHGRB

A Until recently BotHong and short GRBs have been detecied
< 100 GeV

A No strict division in time between prompt and afterglow
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A From GRB 920925c one expected
0.93 events while 11 were
observed.

A.dzi GKS dGar3ayl té
WATCHrigger by< 1minute and
was ~9 awayfrom itslocation

A Evidence ~2.% (posttrial) from
AIROBIC@&bove 20TeVfrom GRB
9209250was reported

\izr PastHintfroma GRB®29  xTeW n
AIROBICC & GRB 920925c

Padilla et al., 1998
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Keepingn mind the unknown
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-~ PastHints from GRBs @ sT&V
R/ Milagrito & GRB 970417a

A GRB 970417a was a weak, soft GRB as obsbywBATSH he
fluencein the 5@300keVrangewas 1.5 x 10ergscm? and
the T90 period was 7.9 s.

A Milagrito, a prototype of Milagroconsisted of a planar array
ofHHY tactcd 27F vy Dealghttght®ated dzo Y S |
reservoir witha size of ~ 42 x 42 4rMilagrito reported
evidence for emission above 650 GeV from GRB 970417a,

with a (posttrialg probability of 1.5 x 1®of being a
background fluctuation (Atkins et al. 2008tkins et al. 2003)
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A The VHEfluencemust

be at least an order

of magnitude greater
than subMeV fluence
measuredby BATSE

A A way out: if theactual
peak ofthe SED malie
below theenergy rangef
BATSE ?

Fig. 9t Spectral energy distribution for GRB 970417a, showing a single pawdit to
the BATSE data, upper limits at 1 and 10 MeV fromBG&RET TA8Etector, and three
possiblespectral forms consistent with thiglilagrito observations.




Observing Transients witfeVInstrumenis

A All the majorTeVinstruments likeVeritas, H.E.S.S., HAWC,
a! DL/ ¥ [ &ré puréumgitense programs for following
transient alerts: GRBs, Gravitational wave sources, Neufodp
Fast Radio Bursts, Novae, etc.

A Whilefor a wide angle detector like HAWC the transient just
needs to happen in their field of view, the narrow field of view
IACTs need to possibly fast slew and track the algytsiion

A All the IACTs optimized their operation for possibly fast sluing tc
the alerted position and starting observations

A Despitethe really large number of followed GRBs by the above
collaborations over many years, until recently only upper limits
were reported



Newsé& Views |20
November2019

Bing Zhang

Extreme emission seen

¥ NP -My bursts
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4 publicationsappearedin Nature In
November 21st 201%sue

Teraelectronvoltemission from the' -ray burst GRB 190114C
Acciari et al., MAGICollaboration

Observation®f teraelectronvoltenergy -rays starting about one
minute after the' -ray burst GRB 190114C reveal a distinct
component of the afterglow emission with power comparable to
the synchrotron emission.

Observation2 ¥ AV BSNES [/ 2 YLII 2 yV-rapbYirkt &
MAGICCollaboration et al.,

AmultiF NB1lj dzSy Oé 26 a S NDHhaymirstGRB LJI
190114C reveals a broadband doublkeaked spectral energy
distribution, and theteraelectronvoltemission could be attributed
to inverse Compton scattering.

Avery-highS Y SNH& 02 Y LR V Srdyibur® St&dldw A
Abdalla, et al., H.E.S.Eollaboration

Veryhigh'S y' S N#yS observed ten hours after the prompt
SYA &aA 2 yay Bust 180K28B can be attributed to either al
inverse Compton or an extreme synchrotron process.
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https://www.nature.com/articles/s41586-019-1750-x
https://www.nature.com/articles/s41586-019-1754-6
https://www.nature.com/articles/s41586-019-1743-9
https://www.nature.com/articles/d41586-019-03503-6
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d ¢ diameterof the telescope

2~ X (r + d/2)¢ circumferenceof ring

= d/r + d/2¢ arclengthof >
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VHEg-astrophysicwith IACTss possible
thanksto exponentialatmosphere

L

n(h)=1+0.00029 exp (-h/h,)
n(h) — refraction index
h, —scale height, h, = 7.4 km

Exponential atmosphere

_hn.

B, =0.5°

wimagein the O, =0.7°
camera
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Gamma/lladron separation

MC Simulation of Shower Hadron Rejection by Image Shape
T + Orientation ~ 99.9 %
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GammaRay EmissioRrocesses
Astrophysical process

Electron acceleration

X-ray(synchrotron)
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VERITAS, H.E.S.S. & MAGIC: pushingthe VHE
grastro-physicsto Iits limits
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The 17m@ MAGIC IACT project for VHIE
astrophysics at E ~ 30 Gel00TeV

Laser beams of the
Active Mirror Control

system become
visible on foggy night
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Fast Motion of the MAGIC Telescopes
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FullyyAutomatic System for Following the
Transient Alerts with MAGIC

A When obtaining an alert the software checks several criteria
If the alert should be followed

AT &8Sazr GKS GSfSao2LISa aul NI
slue to any given position in the sky and start tracking it

A While the telescopes are in fast motion, the software closes
data-taking files of the previous observation, downloads the
look-up tables for the aimed for elevation angle and by using the
AMC system radjusts the individual mirror positions, adjusts the
discriminator threshold$o the estimated brightnessf the position
A We usedto issuefakealertsonceper observationakhift for
debugginghe system



GRB followups

A Since 2005 we observed 105 GF
A On average 40 GRB/year ;
A Afterglow observations since 207
A 24 with < 100 s delay & stereo,

4 outof whichwith z <1.5

Redshift distribution

of GRBs
= [

Number
w
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GRB 160821

mmm Redshift distribution for MAGIC GRBs (stereo mode)
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List ofMAGIC GRBsbserved under good
technical and weatheconditionswith
z< 1 andly < 1h

Event redshift Taelay (S) Zenith angle (deg)
GRB 061217 0.83 786.0 59.9 short
GRB 100816A 0.80 1439.0 26.0 short
GRB 160821B 0.16 24.0 34.0 short
GRB 190114C 0.42 58.0 5H.8 long
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MAGIC capability to observe at the presence o
partial Moon and atlarge zenith anglesvere of
key importance for this detection

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

ATel #12390: Ra=-mik ‘lﬁ'-"n_rnrl Gl J:-.?l'l.ﬂi!l'".ﬂ::l‘”l‘l'l.: [AGIC Collaboration .
on 15 Jan 2019; 01:03 UT | €— ATelissued 4h
Credential Certification” Razmik Mirzoyvan (Razmik Mirzovan/ampp.mpg.de) after GRB onset

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

Referred to by ATel #: 12303
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 i the first 20 min of observations (starting at T0+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 1s observable tonight and also in the next days.
We strongly encourage follow-up observations by other mstruments. 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 GéV to




The most intense, purest signal in VHE
gray astrophysics: GRB190114C detectio
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grate from GRB190114C & Crab Nebula by
MAGIC for the first ~100 s of data taking; during
the first 30sthe VHEgrate is ~130 x Crab

Please note the Yaxes scale difference of x 10 for the GRB190114C
©300 @ 30[
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@ CTA symposium in Bologna in May 2019
H.E.S.S. reported on GRB 180721B

The GRB180720B detection

* 10 hours after the Swift trigger

Details in Gall0a by Quentihel
* Redshift z=0.653 (ESO-VLT/X-shooter )
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H.E.S.S. Detection of Afterglow From

* Fermi-LAT
detection up to
700 s after trigger
wit a photon index
close to -2.0.

* Coincident optical
and X-ray temporal
decay

* H.E.S.S. detection
until 440 GeV and
same level as X-ray
domain

QQQ

H.E.S.S\J
30.09.2020, SINP @ LMSU,
Moscow, Russia> Ether

GRB180/20B

The GRB180720B detection
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TheOriginal Goals of the MAGIC Project:
Measure GRBs, Pulsars, Distant AGN
above the threshold energy 10 GeV

MAGIC Design Study, 1998

QTN

3
; ‘A; i,
b B

» the magic telescope «

Design Study for the Construction of a 17m Cerenkov
Telescope for Gamma Astronomy above 10  GeV

MAGIC is a pioneering IAC

paving the road down to
a¥fSg mnQa 27

Introduced multiple novel

techniques & technologies

Into the field

A Fast slew for transients

A ActiveMirror Control

A T° controlled camera

A Analog signal via optic
fibers, ~2ns fast signals

A CarbonT A 6 SNJ &

J
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After 15 years of successful operation of MAGI(
we thought we are ready to measure the next
best GRB above the lowest threshold

A With time we improved the performance of the MAGIC
telescopes and learnt to measuggay signals from sources

I 0 9-306e\i@iCeribellagd NI 6 t dzf & I36J 3

Pal Vd N o Vd

Gemingapulsag = I OOSLIOSR F2NJ LMzt A O

A We succeeded to measure the spectrum of a renfefRQ X
PKS1440 1 T n ®po U (Ahinen @t alppApJi2G15)D S +

A So we were preparing and training ourselves to measgure
NI éa |d f 2 g S3 GeVIghieRextDast GRB H



Cartoonof a pulsar

A
Light =
Cylinder
Gaps represent
deviations from
f f Daugherty &
orce.-.ree Harding (1996)
conditions
Cheng et al. (1986)
Romani (1996)
Dyks & Rudak (2003)
Null charge / Arons & Scharlemann (1979);
surface « Muslimov & Harding (2003, 2004)
rB=0
™ VB =4 (p— pci)
V4 — —p
/ (-B
SG: r,, <0.95R¢ Py = — -
TPC: r,,, < 0.75 Rc
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MAGIC established the Crab pulaarthe
mostcompactacceleratorof TeVgrays
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Discovered pulsed emission from
Crab, spectrum extending =2 1.2 TeV

Challenging the emission models

MAGIC-Fermi fit shows IC emission
from~10 GeVto=1 TeV

Emission from the neighborhood of
Light Cylinder (r ~1600km)

TeV pulsation is used to put
quadratic limits for Lorentz
Invariance Violation (LIV):

EQG2 > 4.4 x 10" GeV: thisis only
factor 3 below current best limit from
Fermi
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Counts

Measuredoy MAGICpulsedsignalfrom
the Gemingapulsarl 0 9Ge¥ Mp

{a) Fermi-LAT = 5 GeV

Acciariet al, A&A, 2020

{c) MAGIC = 15 GeV
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MAGICdatahintson powerlaw
behaviourof the Gemingaspectrum

Acciariet al, A&A, 2020
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The Surprise with the GRB 190114C

A But the reality looked quite different

A The burst of GRB 190114C happened latge zenith angle
of ~60° and moreover,the Moon was up

A Both effects together increased the threshold energy to ~200
300GeV

A Why GRB happened at high zenith angle ? Because the
observation chance is proportional to the solid angle

A Why at the time when the Moon was up ? Because the partial
Moon observations seriously increase the duty cycle of IACTSs

A Despite the high threshold we were surprised to measure in a
shortest time a truly gigantic signal, the most intense signal in
the 30 years history of VHE gamma astronomy



MAGIC Partial Moon Observationere
Crucial for Discovering the GRB 190114C

A Hence from the beginning of the project MAGIC is regularly
observing at the presence of partial Moon, at Dusk and Dawn

A These provide significantly longer observations, albeit at
somewhat higher threshold energy

A The Moon observations were inherited already from the HEGR/
CT1 operation; back in 1997 we observed {404 for 244 h dark
time and 134 h at partial moonlight. The latter was crucial for
finding quasiperiodic gray emission from
Mrk-501, se&Kranichet al., 1999

A MAGIC& Moon observ: Albert et al (2007):Ahnenet al (2017)

A During the GRB 190114C observations the partial Moon
Increased the anode currents of PMTs by tmesc fully O.k.



GRB 190114C signal footprint

A Very strong signal, almost backgroufrde

A Signal detected up to ~40 minutes

A Energy flux emitted @ub-TeVcomparable within factor
of two to theone emitted inX-rays(between 602000s)
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GRB 190114C lighurves in thekeV, GeV

and TeVbands
MAGIdetected the afterglow phase of the GRB
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Spectrum above 0.2eVaveraged over the
period betweenlO + 62s &
T0 +2454s for GRB 190114C
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Distribution of TeMbandgrays In energy
versus time for GRB 190114C

MAGIGdetected an energetic component ngét seen
In GRBs, different from synchrotron

Bottom curveshow the
ot g @ expected maxphoton
: | : energy®,, maxOf electron
o 2 | synchrotronradiation
< 103 2| E 3 :
g S s |inthe standard afterglow
> ol 1 10t ©
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Multi-wavelength light curves of
GRB190114C measure@0 spaceborn
and groundbased instruments

A MAGIGletected the
afterglowphase of
the GRB

A A significant share

of GRB energy is emitte

In the TeVenergy range

30.09.2020, SINP @ LMSU,
Moscow, Russia> Ether
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Dynamicf multi-wavelengthspectraof
GRB 190114C

Areallyunique

event the spectra

havebeenmeasured

duringthe

A 1st time binfor
only42 s,

A 2nd time binfor
70s

A 3rd time bin 180 s
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