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Transient sky with CTA

* Imaging Atmospheric Cherenkov Telescopes
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Pair production telescopes | Atmospheric Cherenkov tels. Particle detector arrays

Milagro, Tibet array, HAWC
e " LHAASO

EGRET, F MAGIC, HESS, VERITAS, CTA SRS
01-100GeV | 30GeV-70TeV, ~300 TeV for CTA| 100 GeV - 100 TeV
Space borne: limited in area Large effective area Large effective area
Nearly background free Excellent background rejection Very good background rejection

Large field of view / high duty cycle | Small field of view / low duty cycle Large field of view / high duty cycle

All-sky survey and monitoring Study of known sources Partial (2/3) sky survey and
Deep survey of limited regions monitoring

Extragalactic (AGNs, GRBs), Morphology of TeV emitters (SNRs, | Extended sources

PSRs, MQSO PWN) Transients (GRBs) > 30 GeV

Dark matter High resolution spec. to 30 TeV Spectra up to 100 TeV

Adapted from Justin Vandenbroucke
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y-ray enters
atmosphere

0.1 km? “light pool”, a few photons per m&.
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- Stereoscopic-view improves:
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Energy resolution =
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10 nanosecond snapshot

0.1 km? “light pool”, a few photons per m?.
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100 GeV - 50 TeV sky

TeVCat 2

H.E.S.S., MAGIC, VERITAS
~180 sources
E>100 GeV

TeVCat Source Types (179 total)

Superbubble: 1.1 %

Blazar: 0.6% — —=1 ||

Composite SNR: 0.6 % — <\ ‘
.. {1 I
1 |
FRI: 2.2 %
LBL: 1.1 %
Starburst: L1 % PSR 11 %

i
FWH: 19.6 %
SNR /Malec. Cloud: 5.6 %

// HBL: 26.3 %

Binary: 3.4 %

Globular Cluster: 0.6 %
Massive Star Cluster: 2.2 %
IBL: 4.5 %

FSRO: 3.4 %

S~

UMID: 19.6 %

Sheall: 6.7 %

DARK: DB %

Credit : S. Vercellone
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Transient sky with CTA

* The Cherenkov Telescope Array

C. Boisson, 21/06/2017,TS2020 Transient Sky with CTA




Cherenkov Telescope Array

* CTA will — for the First time — deploy a large
number of telescopes across areas that are larger
than the size of the Cherenkov light pool,
resulting in:

- A dramatically increased rate of air showers contained

within the Footprint of the telescope array Change of GTA

detection

- An increased number of views of the air shower from

regime
different viewing angles, improving both the imprj?:;ves
reconstruction of air-shower parameters, and the rejection =701
of cosmic-ray induced air showers as the major source of N
sensitivity-limiting background ,

- A lower effective energy threshold since, for contained

showers, there are always telescopes in the region of VERITAS.
highest density of Cherenkov light. ;E;g

Adapted from V. Vassiliev
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A few large size

telescopes N
to cover the range _ v _
20 - 200 GeV B __ ~km? array of medium \ / ‘T ~4km? array of small size
/ size telescopes for the / telescopes, sensitive above
/ 0.1 - 10 TeV domain , a few TeV up to 300 TeV

--ﬁi’"‘

R

| s ad —_ f! B e i
4 LSTs [N & S] 1.[;. :' | 15 MSTs N]
Shap? o X 1; 25 MSTs [S] L\
: (24 SCTs [S])

Adapted from The CTA Consortium



Cherenkov Telescope Array
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SST and MST prototypes

SST-2M GCT | .. E e L
Paris, France.”% | ~ MST prototype ;:-;*S}ffé
_Berlin, Germany -

ST-1IM
akow, Poland

.

SST-2M ASTRI
Sicily, Italy g s
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Effective Collection Area

10 km? [~
SST
1 km?=
© MST
o
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'.g 0.1 kmZp=
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0.01 km? =
Decreasing gamma-ray flux
( E-2-3) compensated by
1000 m2 = increasing effective area.
| | 1 l |
10 GeV 100 GeV 1 TeV 10 TeV 100 TeV

Photon Energy

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Telescope lay-out
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Credits: The CTA Consortium
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Telescope

Number North Array

Number South Array
Minimum Energy Range (TeV)
Effective Mirror Area (m?)
Optical Time Dispersion (ns)
Pixel Angular Size (degrees)
Field of View (degrees)
Readout Rate (kHz)

Time for repositioning
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LST domain MST domain  SSTdomain
'f’njtations.: limitations: limitations:
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Expected performance

G y
* Sensitivity gain x 10 g0
* access VHE populations across entire ; -
Galaxy 3 L g
« sample fast variability (AGN, GRB) = F :
* FoV > 8° '
10" =3
° measure diffuse emiSSionS § Differential flux sensitivity é ;
- efficient survey of large Ffields 10 o 1 10 Emgg s
- Arcmin angular resolution T A L IR
= i CTA South i
* resolve extended sources (SNR, g o2 -
starbursts) 5 |
€ 0.15 1
- Broad energy coverage £
* <100 GeV to reach higher redshifts 0.1 —;
« > 10 TeV to search for PeVatrons cul 18
i
- ] -
Instrument response functions at the following URL: e I e e
https://www.cta-observatory.org/science/cta-performance/ Energy E_ (TeV)
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https://www.cta-observatory.org/science/cta-performance/

CTA Science
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CTA main scientific themes

Probing the “non-thermal” Universe at GeV-TeV using gamma-rays

* Cosmic Particle Acceleration
- Origin
— Acceleration site & mechanism
- Feedback of accelerated particles on star fFormation and galaxy evolution

* Probing Extreme Environments

- Physical processes at vicinity of neutron stars and black holes
— Characteristics of relativistic jets, winds and explosions
- Exploring cosmic voids

» Exploring Frontiers in physics

- Nature of Dark Matter
— Test of Lorentz Invariance

More information on Astroparticle Physics, Vol. 43, 1-356 (2013)
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CTA as an all-sky Observatory

Credits: The CTA Consortium

South + North

Known sources:
¢ TeVCat
Galactic targets:
® Supernova remnants
® Pulsars
Extragalactic targets:
® Blazars

South

BLOAT TG eE
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& Barstd
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@ Sypmteem ternnts
® Fuleaz

Edtrapal et largate
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Galactic plus extragalactic science Mainly extragalactic science
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CTA —a transient Factory
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* Huge advantage over Fermi in
energy range of overlap for
~minute to ~week timescale
phenomena

- Explosive transients
- AGN/XRB flares

- Binary systems

- FRBs...

Disadvantage over Fermi

- Limited FoV (compared to Fermi)

- Prompt reaction to external trigger is
critical

Transient Sky with CTA



CTA in numbers

32 countries
~ 180 institutions

’i ~ 1300 scientists
' 203 O j Contribute ~420 FTEs

o

|~

»

-

L

Open observatory with a projected lifetime of 30 years - initial commitment of partners to
operate it fFor 10 years

Cost estimate is €297M + 1480 FTE-years ~ €400M

CTA operations cost estimated to be €20M/year

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Schedule

Pre-Production Production

2018-2020 2020-2024

First Pre-Procduction
| Telescopes on Site
I {earliest 2018)

Current Phase |

Pre-Construction

Collect International Agreement Financial L5T Prototype
N Signatures & Secure Financial — Threshoid Completed on
Imverstment Reached La Palma

Oct 2016 . . Jan 2017 . . Apr 2017 . . jul 2017 . . Oct 2017 . . jJan 2018

Site Infrastructure q Sie CTA Offices Open - Final Legal
S sreparations '“"’;‘-‘;:—::—:4'5 in Bologna G Entity Definec
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CTA France

3 instituts :
CNRS/INSU, CNRS/IN2P3, CEA/IRFU

12 laboratoires CNRS & 4 services CEA
214 personnes

(scientifiques, ingénieurs, techniciens,
administratifs)

79 ETP
(18% des ETP du Consortium CTA)

Credit :Knddelseder, TGIR 2016
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CTA Observatory

» Total amount of science observation time for each of the two CTA Observatory sites :
2000 h/year to 2600 h/year total

- from about 1000 h/year (prime time, moon well below horizon)
- to about 1300 h/year (including moon time with somewhat degraded performance).

For part of the observation time, telescope arrays may be split up into sub-systems,
effectively increasing the available observation time by another 20-30%.

Execution of observations will take place in service mode

Data prioritary period of one year

Flare/burst advocate role to be defined

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




CTA Observatory

* The guest observer (GO) programme

- by which users can obtain access to proprietary observation time, submitting proposals in response
to announcements of opportunity (AOs). Typical GO proposals will require between a few hours to
100 h of observation time.

- ToO proposals

* The key science projects (KSPs)

- Large programmes that ensure that the key science issues for CTA are addressed in a coherent
fashion, and generate legacy data products; they require from several 100 h to beyond 1000 h of
observation time.

- Legacy programmes as long term monitoring

* Director’s discretionary time (DDT)

- a small fraction of observation time reserved for, for example, unanticipated targets of
opportunity.

* Archive access

- under which all CTA gamma-ray data will be openly available, after a proprietary period.

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Key science program

* Production of legacy data-
sets of high scientific value

@- " e to the wider community
Science » KSP rather than GO
with the o program:
Cherenkov o
- - very large observing time
Telescope - needed
. "ff.:rﬁ-"."w;‘ e : !
Arr,a‘y_ e | - potentially systematics limited
> { I data set requiring CTAC
expertise

- need of coherent approach
across multiple targets or
pointings

To be published end of the month by World Scientific

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Transient sky with CTA

 CTA —a transient fFactory
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CTA - Variable universe

* Ability to probe short timescales at the highest energies

- explore the connection between accretion and ejection phenomena surrounding compact objects
- study phenomena occurring in relativistic outflows,
— open up significant phase space for serendipitous discovery

* CTA will be able to respond very rapidly, both to external alerts and in
delivery of alerts to other observatories.

- The repointing times (to and from anywhere in the observable sky) will be 20 s for LSTs and 60 s for the
MSTs and SSTs.

* Wide field of view (> 8 °) and unprecedented sensitivity of CTA make the
serendipitous detection of transient or variable VHE emission likely.
- CTA is equipped with a low-latency (real-time) analysis pipeline which will monitor the field of view for
variability on a wide range of timescales.
- The detection of a gamma-ray event in the field and the issuing of an alert will be possible within 60 s.

- CTA will itself respond to such alerts by repositioning and modification of the observing schedule, as
well as alerting other observatories to allow rapid follow-up.

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




CTA - short timescale capabilities

* Transients — a programme responding to a broad range of multi-wavelength and
multi-messenger alerts, including GRBs, gravitational wave transients and VHE
neutrino transients as well as self trigger. Rapid feedback to the wider community
on the VHE gamma-ray properties of transients is a key element.

« Active Galaxies — where flaring activity forms a key part of the science case, with
rapid bi-directional information flow again critical. Blazars exhibit the Fastest
known variability (1 min timescales) at TeV energies and blazar flares can be used
to search for Lorentz invariance violation, as well as cast light on the physics of
the ultra-relativistic inner jets of these systems.

 Galactic Plane Survey — multiple observations of every part of the Plane allow
the identification of objects variable on timescales from seconds to months,
including for example the expected discovery of many new gamma-ray binaries.

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Transients

— | * Transients are a diverse population of
“Neawo | reeeenr | W\ astrophysical objects. Some are known to be

J N N prominent emitters of high-energy gamma-
0 E:> | rays, while others are sources of non-photonic,
. o multi-messenger signals such as cosmic rays,
= v esprnd neutrinos and/or gravitational waves.
Murase+ 16

* Possible classes of targets:

- Gravitational wave transients

- High-energy neutrino transients
- Serendipitous VHE transients

- Gamma-ray bursts

- Radio, optical, and X-ray transients (TDEs, SN shock
breakout events, FRBs, new transients)

- Galactic transients (microquasars, PWN flares, novae, etc)

- Transient survey with divergent pointing / tiling

Credits: The LIGO Scientific
Collaboration
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Follow up

- Gamma-ray bursts

- based on external alerts from monitoring facilities

* mostly Swift, Fermi-GBM, SVOM
e can also expect from Fermi-LAT, HAWC, LHAASO
* GAIA, LSST etc?

- thought to be triggered by special types of stellar collapse and merger events involving
NS and/or BH - light curves and spectra with high statistic per burst

» Strategy:

- Expected rate ~ 12/yr/site - full array, LST crucials (Fermi-GBM with localisation errors
> LST FoV — tiling observations

- ~20s for LST on source, <60s MST, ST

— All alerts in dark time accessible FoV with zenith angle < 70° followed for 2 hr
- |If detection —» observe as long as the target remains detectable

- Real Time Analysis crucial (30s latency)

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Follow up

* Galactic transients

- based on external alerts from monitoring facilities

- compact objects with different types of jets and winds — sporadic
outbursts —includes Crab nebula up to 100 TeV

Flares from pulsar wind nebulae (PWNe; relativistic outflows driven by
rotating NSs), jet ejection events from microquasars and other X-ray
binaries (NS or BH accreting matter from a stellar companion) , novae
(explosions on the surfaces of white dwarfs)

e Strategy:

- Trigger criteria still to be defined — source by source basis though

- Continuation is contingent on the discovery of new sources with fast
variability

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Follow up

» X-rays, optical/IR and radio transients

based on alerts from “transient factory” facilities

Includes tidal disrution events, supernova shock breakout events, fast
radio bursts...

» Strategy:

Expected rate for sources of interet as eg TDE ~ GRBs

Explicit strategy not easy to determine in advance — actual latency of
optical or radio TF as the extent of information that will be available are
unknown — pb for fast transients as FRBs

In any case will help to test the alert system

Filtering criteria based on optical mag, nova type properties of the HE
gamma rays detected by Fermi... to be added — optimal methodology for
selecting the interesting TF prior to early science

- As For GRBs — go for 2hrs then exposure extended if RTA reveals a

transient system

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Follow up

* High-energy neutrinos

— Based on alerts from neutrino observatories

- Follow up of selected alerts — search for the electromagnetic
counterpart, to identify neutrino origin and possibly give insight on
extragalactic and/or Galactic cosmic rays as well

* Strategy:

- Expected rate ~ a few/yr/site

- Follow-up for alerts from IceCube and high energy neutrino
observatories of candidate muon neutrino-induced track events
(already the case with current IACTS)

— Alerts to IACTS are issued whenever IceCube sees increasing rate of
upgoing neutrinos candidate events from a predefined source list

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Follow up

« GW transients

- Based on alerts from GW observatories — MoU with Ligo-Virgo

- Follow up of selected alerts — TeV emission from black hole or neutron
star mergers, including those producing gamma-ray bursts

* Strategy:

- Expected GW NS-mergers < a few/yr/sky = < 1/ few yr / site , GRB ~ <
0.03/yr/site

- Follow-up of low latency GW alerts — large areas of sky — tiling or
divergent pointing

— Sizable uncertainties

- As for GRBs — go for 2hrs with additionnal exposure extended in the case
of positive detection

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Alert

* Transient survey

possibly effective for surveys of persistent point sources

 GRBs from onset :prompt emission physics (crucial but poorly understood)
 Lorentz invariance violation (big improvement over Fermi)
* Unbiased transient survey e.g.FRBs

Transient occuring In the FoV (not necessarily detectable)

GRBs: all of sky ~1000/yr (BAT+GBM)
GRBs: all of sky ~6000/dy
if FoV~300 deg?

~ 8 GRBs /yr = 1 /1000hr

~ 45 FRBs /yr—= 2/ 1hr

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Alert

* Serendipitous VHE transients

- identified via the CTA real-time analysis during scheduled CTA observations

- The RTA can recognize new transients or flaring states of known sources at very
high energies anywhere in the FoV and automatically issue alerts within 30 s

- On site analysis (~ 10 hr after data taking) could also provide serendipitous VHE
transients in the FoV — follow up could be conducted during the subsequent
night

» Strategy:

- Observe as long as possible after detection, take decision next day

—» alerts to other observatories/facilities

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Crab pulsar wind nebula
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Power-law acceleration by shock- driven
plasma wave turbulence within a ~1-day
timescale?

Several tens of theoretical papers!

C. Boisson, 21/06/2017, TS2020

Crab is highly variable (a
factor of 5-10) in the
AGILE and Fermi-LAT
energy band.

No variability in the soft
and hard X-ray

Tavani+11
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Crab pulsar wind nebula
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Transients- Simulations

Crab pulsar wind flare
Assuming that the Crab nebula

high-energy flares are due to Grab SEDd\ring Hae

synchrotron emission, to detect = | Eachpointinglastsah b egesi
the variable inverse-Compton 5 --_ffl_"fﬂl o Aen oo
component at multi-TeV - - U =M oy

energies, we would need to
monitor the source for 4 h/night

during approximately 10 nights. o] | N

With this strategy we could unveil - Time-dependent ' \I\
. spectr oy during

the nature of these Flares. ;!E ﬂ;i';m u 1\

Inverse-Compton component of 1 e —

L
Enargy [TaV]

the 2011 April Crab flare assuming
'=70. The variable tail from 10 to
100 TeV is clearly detectable.
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Transients - Simulations

Gamma-ray bursts

CTA is potentially capable of
resolving GRBs light curve in
much detail for such bright

60 —— B — T ——T
bu rStS. GRB DB'UWBC | z=43, E::-GﬂGeh: 0.1 sec time bin l;
E A0 High-statistic measurements
s above a few tens of GeV §
The assumed GRB template is the g | ;
. . 5¢ 20 -
measured Fermi-LAT light curve & m Tn
!“L %! ;lﬂ'ﬂ i {-l 'J-l ”

above 0.1 GeV, extrapolating the
intrinsic spectra to VHE with ¥ (T CRB 86 "
power-law indices as determined

by Fermi-LAT.

We expect to detect ~1 GRB yr/
site
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Gamma-ray Burst motivation

* Physics of GRBs:

- Probe particle acceleration and radiation processes for prompt emission and
afterglow (total energy radiated in GeV, SED...)

- Jet velocity and emission site from intrinsic yy absorption and variability
- Explore jet composition and test UHECR origin (hadronic spectral signatures?)

* Tools to pobe the universe:
- Extragalactic Background Light (deeper than AGN)

- Intergalactic magnetic fields

(v F

» Test of UHECR, fundamental -hys*ms | e ﬂ
Search for signatures of |

Inverse Compton

- Accelerated hadrons Scattering

— Lorentz Invariance Violation
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Simulated burst LC
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Active Galactic Nuclei

AGNs are known to emit variable radiation across
the entire electromagnetic spectrum up to multi-

TeV energies, with fluctuations on time-scales from
several years down to a few minutes.

VHE observations of active galaxies harbouring
super massive black holes and ejecting relativistic

outflows represent a unique tool to probe the
physics of extreme environments, to obtain
precise measurement of the extragalactic
background light (EBL) and to constrain the
strength of the intergalactic magnetic field (IGMF).

Credits: ESA/NASA

AGNs also useful to investigate fundamental
physics phenomena such as the Lorentz invariance
violation.
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AGN Flare monitoring motivation

« Sampling VHE fluxes below the light-crossing timescale of the SMBH
affords valuable insights into the inner workings of AGN.

* To date, observations of a few extreme flare events have:

- Highlighted the severe limitations of standard emission models (eg. HESS
observations of PKS 2155-304)

- Suggested more sophisticated models (eg. MAGIC observations of IC310)

- Suggested multi-zone emission models (eg. Fermi-LAT observations of
PKS 1510-089)

* Beyond understanding the intrinsic properties of AGN, flares are
needed to study the EBL and IGMF at redshift > 0.5

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




AGN Flare monitoring motivation

« Sampling VHE fluxes below the light-crossing timescale of the SMBH
affords valuable insights into the inner workings of AGN.

* To date, observations of a few extreme flare events have:

- Highlighted the severe limitations of standard emission models (eg. HESS
observations of PKS 2155-304)

- Suggested more sophisticated models (eg. MAGIC observations of IC310)
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AGN - Flare monitoring strategy

« 2 complimentary approaches to catch flares
- External triggers from eg. Fermi-LAT, HAWC, LHASSO or future instruments eg SVOM,
ASTROGAM, ATHENA, LSST, SKA, GAMMA400 - ~25 flare alerts / yr

- Internal triggers from CTA subarray snapshots of ~80 AGN (both known and potential VHE
emitters)

— Astronomer's Telegrams, VOEvent, alerts within MoUs,...

* Snapshot program using subarrays of CTA to take short exposure of ~80
AGN at ~20% crab flux sensitivity

- Both known and potential VHE emitter
- FSRQs through to UHBLSs, Fermi-LAT detected radio galaxies & NLS1s

» ~20 sources per week per site, ~1 hr per night total per site

- Assuming flaring probability of ~1%, based on current duty cycle knowledge, expect around
20 flares per year per site
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AGN - Simulations
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Blazar monitoring at HE/VHE

[HAWC, >1TeV i | ]|

FACT, >0.75TeV ) | ] ]

; &
g | | E
; | o [|

T i“ d A" A 1 ig. V1 1A i |I
‘I | |' | | I'* i v r i -h'||'~|”'|ll-F I.'h-_l]!.“?1 |Ii~|| || "| '|||I |I

|
i “I

http://www.fact-project.org/monitoring, H. Anderhub et al. JINST 8 P6008 |

~ Fermi-LAT, 0.1 - 300 GeV v

S : : :{
s Jf [ 1 ' ; l l, - I 1 . (o

ol | 1l 9 T | M L il * ['Il l ] v I| | l'] Ay ; ;

. wei Ay ! P A R R e i el b s : _‘]]' i,JI

oD _-; ._..l'[‘.] Il- . ' -ﬂﬂ-'lhlil.h.].:’L' .1‘*}-““._.”*' " ® '.".1‘1:? ‘.I-h ‘I"J }_*ru.l'd,l" ]"1“ -*Id'q | l‘ ‘q:...i}' . 1.1 U; " ]‘Ji i L». "T' .+l. ,\.ﬂf L }' lL, )’I
1 http: errmu Esft nasa. wasscfdatafaccess!latfmsl Ic |

SWIFT-BAT, 15 — 50 keV | +_swirr.eat |
1’“‘“”4" I| } -h\x’l{.lhﬂ it h (! || LL‘ | { ] } Jf" .}; L by ‘
| W|Hm iy ﬁ ' uj i n gt Tk Ult |$€W ﬁk Hﬂﬁﬂﬁ“|ﬁ

1
| l|. } ul }l
" Iﬂit 5| AN 1||{ ﬁl"|1| rH f‘- LT ] | I.‘H -ﬂlf “L‘ |1f1|'+||d::‘f ﬁiiﬁha

htto://swift.esfc.nasa.gov/results/transients, Krimr et al., 2013 ApJSS 2{]9 =l

57050 5710( E7150 57200 B350 S73000
MID [daye]

Lauer+16

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




FSRQ — PKS 1441+25
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FACT — VHE alerts

__Mrk 501 (2013) 1-hour-binning
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ToO programme

* Already an important part of the current IACT observing
programs

- Handling of alerts
- Filtering of alerts
- Triggering criteria
- Processing and follow-up
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CTA

* The time domain challenge

- Discovery & follow-up
- Technology for alerts and politics (VOEvent - prioritarization / MoU...)
- Alerts but also SHARING

* Importance of real-time analysis
* The multi-messenger landscape
* Importance of multiwavelength

* Optical dedicated telescope
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Synergies during CTA operations

radio microwave infrared | I uv X-ray Y -ray
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These are just a few of the MWL facilities available during the CTA era.

Next slide shows...
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C. Boissd

Synergies during CTA operations
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CTA / Synergies / MWL

SKA, LOFAR Virgo/LIGO SVOM

=
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MWL - CTA

Rely on self-organising external community ?
— Many competing transients
- Leadership elsewhere than consortium
* Rely on standard or DDT proposal to TACs ?
- Unreliable for long-term monitoring or fast response
e Buy time on complemenary facilities ?
- (If they exist) e.g. $1m for 1000 hours/year on LCO (1-m/2-m)

Mine LSST database in real time then follow up?
- Photo-z and light curves, but no polarization

Build dedicated on-site facility?
* ~250k€ per telescope

 Liverpool Telescope dedicated GRB programme as exemple
What kind of polarimeter for CTA?......
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CTA- MWL

» Time-domain astronomy (transients, etc)

- Arapid pointing intermediate size (1.5-2m) optical telescope
with multiband capabilities

- A space-borne facility

* Blazars, etc

- Small but not too small (0.6-1m) optical telescope with
multiband capabilities (possibly simultaneous) imaging
capabilities

- Radio coverage

- Polarimetry: ~1m optical telecope if accuracy and rapidity are
not an issue, else 2-3m telescopes needed

* Monitoring the current observation (as for SKA)
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Optical Telescope Case

* Things we want to rate for telescopes For which MoU’s would
in principle be available:

- Location (shared sky)

- Availability of time per year

- Guaranteed operation until 2025 and beyond

- Size/sensitivity

- Multi-band photometry

- Polarimetry

- Robotic followup, fast reaction time for transients
- Ability to cover a large (30-50%) of CTA's needs

- “Symmetric” solution, i.e., options that cover both North and South to the
same level

C. Boisson, 21/06/2017, TS2020 Transient Sky with CTA




Optical monitoring prelude

* H.E.S.S. and MAGIC have dedicated optical support telescopes:
ATOM and KVA are particularly useful For blazar observations
* Photometric long-term monitoring: to study the long term

behavior, to define the flare conditions

* Before the Fermi era, the optical telescope was the main
source of alerts for flaring AGN: e.g. with MAGIC >50% of
blazar discoveries result of optical trigger

* Polarimetric mode ?
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Optical monitoring for periodicity

PG 1553+113: Fermi-LAT quasi-periodicity quasi-periodicity in other bands?
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Optical monitoring for triggering

 MAGIC has been 100
triggering from
optical

. " : Discovery of
observations since VHE garzqyma-rays
2005 10 |

« Many discoveries
(Mrk180,
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Optical monitoring For physics

Common optical-radio variability To constrain two-zone models
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Conclusion

 Crucial advantages over Fermi, current IACTs

- -large effective area
- all sky coverage, versatile pointing, real-time analysis...

» Exciting new prospects for:

- GRBs: prompt - detailed spectra, light curves...
afterglow - new components beyond sync.

- FRBs: test of origin(s)

- GW: localization, SGRB/FRB connection, merger physics...

* Unbiased transient search via tiling or divergent pointing

e Others: neutrinos, Galactic transients, etc...
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Conclusion

* CTA early science expected~ 2020:

Improved sensitivity, resolution, pointing accuracy, fast
slewing, RTA = truly versatile telescope for a very wide
range of science projects

* CTA represents new transition from experiment to
observatory: opens door to community access, end user
support

But CTA's fFull potential will be reached only with strong

synergy across the EM spectrum - multiwavelength /
multimessenger
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Transient Alert Mechanisms workshop

https://indico.astron.nl/conferenceDisplay.py?ovw=True&confld=62

26-28 th Sept 2017, Amsterdam - organized by ASTERICS

* Connect people from different instruments and
collaborations

to develop standards for the generation, dissemination, distribution, and
reaction to multi-messenger events.

to investigate potentia

| scientific synergies for implementing methods for

automated follow-up observation

effort must be enhanced to include the exchange of instrument status

information

define and implement
reliable handling of fol

a critical focus area wi

nandshake protocols to allow predictable and
low-up, or joint, observations

| be on tools that can distil the most promising

triggers for a specific Facility. This implies a major effort dealing with the
receiving system, authorisation, prioritisation and identity methodology.

C. Boisson, 21/06/2017, TS2020
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XX: DESCRIPTION OF THE MISSION

____*__Maincharacteristics
* |n operation from XX to XX
* |Implication of french laboratories:

Band sensitivity _— .
Instrument 1 (Gamma/X-ray ...) Description of the instruments

Space

Ground

MISSION IN TIME ASTRONOMY

* Target transients sources (ex GRBs)
* Expected scientific return (ex: afterglow of XRFs, ultra-long GRBs, ...)




XX: ALERTS XX: TOO

* Rate: ° Rate:
* (ex. procedure to ask ToO, delay of the
observations)



https://indico.astron.nl/conferenceDisplay.py?ovw=True&confId=62

XX: ALERTS AND OPEN DATA

* Format of the alerts and tool used
e Public data ? YES/NO
* Tools to be defined for TS2020 ?



XX: TRANSIENT SKY IN 2020

* What do you expect for the follow-up of your events in 2020?
(challenges/opportunities)

* Suggestions/advices for the other communities to optimise the follow-up of your triggers/
external triggers
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