Running Cherenkov telescopes
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CHERENKOV TELESCOPES

Measurement of Cherenkov light produced by the interaction of TeV photons
with the Earth’s atmosphere

km
0.3 TeV 1TeV
photon 20 proton - Estimation of incoming direction and energy

- Background subtraction & identification of gamma-like showers

- Reconstruction of spectra, sky maps, light-curves
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- Energy band: ~100 GeV - 100 TeV
- Energy resolution: ~10% at 1 TeV
- Angular resolution: <0.1% at 1 TeV
- Field of View: 30 - 590
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CHERENKOV TELESCOPES

Observational constraints:
1) we observe with DARK sky only

| Mrk 421 (Mrk 421) |
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0 observations into moonlight.
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Date (days) VERITAS Collaboration 2017 & 2015
Visibility plot of Mrk 421 from MAGIC site HESS too (no publication yet)
(tevcat.uchicago.edu) FACT camera can observe under moonlight
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http://tevcat.uchicago.edu
https://ui.adsabs.harvard.edu/abs/2017APh....94...29A/abstract
https://ui.adsabs.harvard.edu/abs/2017APh....91...34A/abstract
https://ui.adsabs.harvard.edu/abs/2015ApJ...808..110A/abstract

CHERENKOV TELESCOPES

Observational constraints:
2) the lower the zenith angle, the higher the energies
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https://ui.adsabs.harvard.edu/abs/2016APh....72...76A/abstract

CHERENKOV TELESCOPES

Observational constraints:
3) the Universe is opaque to TeV photons

Observed spectrum

Gamma-rays
from jet of Quasar
I;:ﬂ: ubu,'-r.uunn
." R i MRy RS ) ' RN Most distant published detection:
4 : e S3 0218435 (2=0.95)

Emitted spectrum

Most distant preliminary detection:
GRB 201216C (z=1.1)
PKS 0346-27 (z=0.99)
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https://ui.adsabs.harvard.edu/abs/2016A&A...595A..98A/abstract
https://pos.sissa.it/395/788/pdf
https://www.astronomerstelegram.org/?read=15020

JACTs IN THE MULTI-MESSENGER NEWS

Most significant association (30)
of a high-energy (290 TeV) neutrino with an astrophysical source
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IC170922A 50% - area: 0.15 square degrees
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http://adsabs.harvard.edu/abs/2018Sci...361.1378I
http://adsabs.harvard.edu/abs/2018Sci...361.1378I

JACTs IN THE MULTI-MESSENGER NEWS

First multi-messenger campaign on neutron star mergers
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https://ui.adsabs.harvard.edu/abs/2017ApJ...848L..12A/abstract
https://ui.adsabs.harvard.edu/abs/2017ApJ...850L..22A/abstract

JACTs IN THE (MULTI-MESSENGER) NEWS

GRBs in the TeV band (not multi-messenger yet)

Fig.1: Multi-wavelength Iight curve of GRB 180720B.

a EI | T LU | T T T T T E
T FemiLAT (100 Mov10 G0y 3
104 e
g O°F 1
§ 10 \ E
(&)
F - 4, 3
g 07 L, 1
X 10 r + ! ‘..:_N ! Fig. 1: Multi-wavelength light curves of GRB 190114C.
-
4 of ~~~o_ o q T T T
3 10 F ~~ee b " } 104 r \ GBM(10—1 000keV') 3
S 10710 gy WO : N E
mlo-,—! 12 TS~ ' k R o ]
- _J
1OJ‘E - °, os v 'g 10 !' k‘ LAI 0.1-1 GeV) \ ‘5
LS " E
ot ¥ o 3 ool ey e ]
. 3
b _ Q R R Ras B B B I L O o‘n«m{ — *; - 3
24 * " s T: 107 +r"'r, ’ L 1
c 2 ,.¥'Q"Niili;~4b-~.n‘-u. N\ ' m o ]
S o ol ¢ 't ] ¥ : *4&\ |
E L el o vienad e aoneial e oaveed o aeendl o il § 10%F - . 3
100 10' 102 10° 10° 10° 100 o e (MeerKAT, G\MRT,:W )
) v
< 10°F — | 13GHz  §
) T T T T S ‘ 1
I GRB 190829A ™ ]
o | HESS. (200 GeV - 4.0 Tev) T~ F ' s % qo0f 3 ]
_ 107% £ Fermi-LAT (100 MeV - 1 GeV) 5 3 w\ E
a Swift-BAT (15 keV - 50 keV) ORT R ] 2, XMM-Newtoh (2410 keV) 3
n Swift-XRT (0.3 keV - 10 keV) 5e f 1011k NuSTAR _!
~ - o ° E -
£ 10°F - & o+ | 14 r_\ o 12710 keV 3
—— o S S— N .V o ]
g 10712 "y r - AR
g o
x 10-10 L ' s K ' L]
= 13 aaasal Al al PR LAl
> 1
g 10° 10* 10° 106
€ 10711 |k S = E
il Quess =1.09 +/—0.05 o -
E aypr=1.07+/-0.09 g e
A f ——
10712 +——————+ — +———+ 1
—_—

HESS Collaboration 2019 & 2021

20} B+ =3 o i MAGIC Collaboration 2019 .

o 1 ! . — @ Université (N
10 10 10 10 de Paris )‘ "

Time since T, trigger (s)

Photon
index



https://www.nature.com/articles/s41586-019-1743-9#citeas
https://ui.adsabs.harvard.edu/abs/2021Sci...372.1081H/abstract
https://www.nature.com/articles/s41586-019-1754-6

Exposure [h]

RECEIVING ALERTS: NEUTRINOS

Follow-up of IceCube alerts:
- public alerts on high-energy single events
- Gamma-ray Follow Up (GFU) program
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IACTs+IceCube ICRC 2021
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https://pos.sissa.it/395/960/pdf

RECEIVING ALERTS: GW

Follow-up of gravitational alerts:
- large uncertainty region requires automatic tools to optimize the mapping

1: Calculate P, ., for each galaxy 2: Coordinate grid using low res maps 3: PESY. o cOmputation 4: PES/MAX FoV selected then masked
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https://ui.adsabs.harvard.edu/abs/2021arXiv211208307H/abstract
https://ui.adsabs.harvard.edu/abs/2021JCAP...03..045A/abstract

RECEIVING ALERTS: GRBs

GRB reaction time

Delay versus observation angle
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https://www.icrc2019.org/uploads/1/1/9/0/119067782/grbs_hess_icrc2019_piel.pdf
https://pos.sissa.it/358/010/a1.pdf

RECEIVING ALERTS: LST

A new running IACT: CTA - LST1

CTA-LST Collaboration ICRC 2021
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To Top z Starttime Zefiith Delay®, Trigger VHE
[UTC] [s] [UTC]  [deg.] [s]
GRB 201216C | 23:07:31 48.0 1.1 20:57:03 40 79200 Swift Y®
GRB 210217A | 23:25:42 4.2 - 23:40:22 44 880 wift N
GRB210511B | 11:26:39 6 - 03:37:54 1i-GBM N
IC210210A 11:53:55 - - 05:41:54 >Cube N

Matteo Cerruti

A
@ Université /NS
de Paris 2A 4%


https://pos.sissa.it/395/838/pdf

SENDING ALERTS

All IACTs have Real Time Analysis tools

Significance map in real time and capability to send alerts to the world
For bright and out-of-doubts signal reaction time can be fast

[ Previous | Next | EiY ]
First time detection of a GRB at sub-TeV energies;
MAGIC detects the GRB 190114C

ATel #12390; Razmik Mir on bek c aboration
on 15 Jan 2619; 01:03 UT
Credential Certification: Razmik #/irzoyan (Razg¥l:Mirzoyan@mpp.mpg.de)

Subjects: Gamma Ray, >GeV, TeV, VHE, "Wt or Observations, Gamma-Ray Burst
Referred to by ATel #: 12395,

W Tweet

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 obse!
alert; we started observing at about 50s after &%t TO.

s triggered by the Swift-BAT
03.19. ThR&MAGIC real-time

MoU among IACTs on pre-defined list of
known TeV blazars and pre-defined thresholds

Communication by email among shift crews

14 Matteo Cerruti

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

ATel #13052; M S. S. Collabo
on 30 Ay '2019; 07:12 UT
Credential Certification: Fabian SOgaAYssler (fabiapsefiussler@cea.fr)

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

W Tweet

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 25585) this is one of the nearest
GRBs detected to date. H.E.S.S. Observations started July 30 at 00:16 UTC (i.e. T ' + 4h20),
lasted until 3n50 UTC and were taken under good conditiiga:A.praliminangaSite analysis of
the obtained data shows a >5sigma gamma-ray excess compatible with the direction of
GRB190829A. Further analyses of the data are on-going and further H.E.S.S. observations
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CONCLUSIONS

All running IACTs have very active transients programs with specific focus on
multi-messenger follow-ups

TeV data included in major multi-messenger campaigns in the last years

* On the receiving part, we can react down to sub-minute time-scales if the
alert is received and visible during data taking

* On the sending part, we rely on real time analysis tools that need validation
by humans. Fastest ATel ~4 hours after beginning of data taking
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