Transient observations
in the VHE gamma-ray band by
MAGIC/CTA and Cherenkov Telescopes

(MAGIC/ICTAREDF T LY AT7EEKRICK S
- RAXAFORIRIVF—7 > VirEiil)

Masaaki Hayashida
(Institute Cosmic-ray research,
the Univ. of Tokyo)




Outline of this talk

1. Very-high-energy gamma-ray band
— Imaging Atmospheric Cherenkov Telescope

Neutrino event follow-up (all IACTSs)
GRB observations (MAGIC)
AGN flare observations (MAGIC)

CTA status and plan for transient
observations
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Very-high-energy gamma-ray band
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TeV (>100 GeV) gamma-ray sky

-90 http://tevcat.uchicago.edu



TeV (>100 GeV) gamma-ray sky
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Detection of E>100 GeV y-rays

Y ray Profon,
100 GeV 300 GeV

Particle
shower

v showers hadronic showers

* Narrow images e Spread images

* Aligned towards e |sotropic arrival
source direction direction

« Cherenkov light is emitted by
relativistic particles in the shower

- number of hadron/gamma
more than 1000 times
-> need to reject hadron events
2017/02/23 Masaaki Hayashida (ICRR)




Stereo observations

2 — 3 ns flash!!!

Cherenkov light

-
. — Light pool
Detection by
fast cameras

in telescopes

y-ray(signal) /hadron (background) > 1000

2017/02/23



event (real) display (MAGIC)

Event: 10 (17377), 6°=0.86 degd’, total size= 385.8 pe
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IACTs in currently operation

MAGIC-II &
3 (28d45'43"N 17d53' 24"W)

“(23d16.28'S,16d30'E) . |
HESS-II :



The MAGIC telescopes
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« observational performance: (Aleksic+16, APh)
— Energy threshold (trigger): 50 GeV (LZA), 100 GeV (at 40°)
— Energy resolution: 15% - 23 % (LZA: low zenith angle)
— Angular resolution: 0.05° (>1 TeV), 0.09° (> 90 GeV)
— Sensitivity : 0.67+0.04% C.U. (at 290 GeV LZA ) Crab. Unit (@290Gev)

[50 hr obs.] ~107%cm= s




Camera Field of View (FoV)

VERITAS: ~ 3.5deg

MAGIC: ~3.5deg

R

HESS: ~5deg
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Zenith angle dependences

» observing energy range (energy threshold: E;,) has
dependency on zenith angle (zd) g
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Gamma rays absorbed by EBL
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EBL SED (nW / m? sr)

v-ray attenuation

EBL spectrum

Megaparsec
425 13.44 425 134 425
o ° F T T T T 7
100 . __
: Optical depth :
i dN/dFobs = dAN/dFint e#%E)
3 ol -l
= _
[©2JNY E N S W : ---- Intrinsic
O : : LLI —
- U Observed
LL] > \
0 1 -4 3 : Z \~s
107 F b - Franceschini & Rodighiero O I
} i A&A submitted | 83 “~..2=0
‘ ‘ ‘ 0001 ool ot K — :
o ad Wavelenlg(:‘.; (um) w’ redSh ift Z=0.6 Z=0.2

log E

14



Observation strategy

* Fixed (normal) observations
— scheduled in period by period
— time allocation (source selection) once a year
— time critical observations (MWL campaign, phase)

 ToO observations

— multi-messenger (v, GW) alerts
— GRB alerts
— multi-wavelength alerts (known sources)



v event observations by MAGIC

3 "archival”’ events + 2 real time alters

O lceCube events observed by MAGIC
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Archival HESE events by MAGIC

Flux Upper Limit Skymap (1 deg radius, E120 GeV)

HESE-37 Preliminary Preliminary )
*7.5 hin Jan/Feb 2016 sa0°’g
* zenith 8 -30 deg 3
* E> 120 GeV aap
* Flux UL (95% C.L.,a=2.3):
(0.7-4.0) x 10-"" ¢m 25 !
(~1-10% C.U.) .

112 11.15 ‘ . 11‘1 .
11.25 11.2 11.15 11'1RA[h] RA [h]

TS Value map | Flux Upper Limit Skymap (1 deg radius, E>120 GeV)

- Sralieni
Preliminary reliminary

Dec [deg)

* 5.7 h in Feb/Mar 2016

* zenith 15 -50 deg

* E> 120 GeV

* Flux UL (95% C.L.,a=2.3):
(0.9-3.9) x 10-"" ¢m 25!
(~2-10% C.U.)

" UL value [em?s)

15 6.25 6.2
RA [h] RA [h]

Satalecka@AMON16 17
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(archival) multi-PeV track (Atel#7856)

% 5 h observations in March 2016
* zenith 21 -38 deg
*x E> 120 GeV

detected on 2014 June 11

2.6+/-0.3 PeV
reported on 2015 July 29

* Flux UL (95% C.L.,a=2.3): (0.9- 3.5) x 10-'' em2s-! (~2-10% C.U))

TS value map

Preliminary

DEC [deq]

Dec [deg]

Flux Upper Limit Skymap (0.6 deg square, E>120 GeV)
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Archival HESE events by H.E.S.S.

i = |lceCube 18
 Track like events o
 angular uncertainty < FOV ARl

 southern source
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Archival v events by VERITAS

57 hours for 18 events
(3 HESE, 15 through-going track)

45

D
o
Max. elevation [deg]

no significant excess

Santander+16 (arXlIv:1612.0430)

ID Observation time [min] | UL (99%) [cm~2s~'] | UL (99%) [C.U.]
C5 180 8.33x 10712 2.3%
C13 574 4.01 x 10712 1.1%
C37 275 7.30 x 10712 2.0%
UC2 25 2.12x 10711 5.8%
uc3 180 6.31 x 10712 1.7%
uc4 122 9.89 x 1012 2.7%
ucs 90 6.66 x 10~ 12 1.8%
Uce 25 9.53 x 10~12 2.6%
ucC7 15 3.96 x 10711 10.9%
UCs 60 9.31 x 10712 2.6%
uco 40 1.52x 1011 4.2%
UC10 90 9.40 x 10~12 2.6%
UCI1 209 4.4 %1012 1.2%
UC12 25 9.53 x 10~12 2.6%
uCl5 90 7.40 x 10~12 2.0%
UCle6 40 8.57 x 10712 2.4%
UCl17 150 441 %1012 1.2%
UC19 210 3.92 x 10712 1.1%

3-10 hours for each HESE (C) events
and UL of 1-2 % Crab (>100 GeV)
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Alert-1: 1St HESE

1st notice: 05:53:53 UT
 RA=239.66deg, Dec=+6.85deg (8.9deg@90%, 1.6@deg50%)
« VERITAS observed it from 05:55:45 UTC for 71 min

2nd notice: 23:24:24 UT, a refined position (offline analysis)
« RA=240.57deg, Dec=+9.34deg (0.6deg@90%)

« VERITAS observed it on the next night (28™") for 118 min
 MAGIC observed for ~2 h with ~42 hrs delay.

No excess..

GCN#19377
VERITAS Santander+16 (arXlv:1612.0430) — MAGIC

IS value map

Soft cuts

HESE-160427 Preliminary

DEC [deg]

UL: 5.7e-11
"2 (cm2 s TeV)
¢ at0.2- 0.28 TeV
=% at position of the
~  refined v event

¢° | PRELIMINARY - ICHEP2016 4 8-
244° 242° 240° 238° !
Q2000 1 61 1 6.05 1 6

Zd: 18-26deg
+ Eth: ~120 GeV

' '
w n
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Alert-2: 2nd HESE/1st EHE

2016-07-31: 01:55:58 UT (the 2nd GCN alert)
from both HESE and EHE (the 15t EHE alert)

» Initial HESE pos. = 215.11deg, Dec = -0.46deg

* Initial EHE pos. =215.09deg, Dec = -0.42deg

* Not visible at the time of alert. Observed in the next night.

« H.E.S.S. for ~1 hr, MAGIC: 1.3 hrs (started 21:25 UT.),
* Refined postion: RA=214.544deg, Dec:-0.335deg (@Aug 1, 02:35:54 UT)

Atel#9301
H.E.S.S. | schuessler@AMON16 MAGIC | Atel#9315

« Zd:45-65deg

+ E;:~600 GeV

* no significant excess
no excess..

(VERITAS can not be operational during summer)

22
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GRB observations with MAGIC

Dedicated alert system from GCN | |
<Galactic coordinate>

Automatic response 7
(upgraded in 2013)

— Zenith < 60° J .: el
— Moon distance > 30°

— Sun zenith > 103°

up to 4h of observations
after prompt emission (since 2005)

Fast movement of the telescopes




GRBs observed with MAGIC
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GRB131030

GRB140430

GRB140709

GRB140930
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20:56:34

20:33:51

01:14:02

19:42:02
02:38:09

20:56:45

20:52:06

03:17:15

21:10:05
02:38:27

GRB observation status
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Magnitude

GRB 090102 limits from MAGIC

GRB090102 (z=1.547), afterglow observations

ULs both LAT and MAGIC
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GRB: Late time observations
GRB130427A (Ackerman+14)

1071 F 0.01 B
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 Many LAT GRBs show late time (delayed) emission in
the (early) afterglow phase

 GRB observation strategy of MAGIC has been
updated to observe events even +2-3 days. 27



AGN (blazar) flare
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Flare alert system

VHE self-trigger

— Under “MAGIC/HESS/VERITAS/HAWC/FACT flaring AGN agreement”
* When one find a flare, one inform others by e-mail.

— Usually, onsite analysis can shows a results in a few 10 minutes
HE (Fermi-LAT) trigger
— Self monitoring. Communication between LAT and IACTs
— About 6 - 8 hour delay at fastest (until LAT data becomes available)
X-ray/optical trigger
— many “monitoring” programs are on going
« On-site optical telescope in each group
— The Astronomer's Telegram
— informed by individuals



FSRQ PKS1441+25 (z=0.94)

Initiated by high flux with a hard-index in Fermi-LAT (e.g., Atel7402)
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QSO B0218+357 (z=0.944)

QSO B0218+357 is a gravitationally
lensed blazar at z=0.944 with a spiral |

galaxy B0218+357G at z=0.68
11-days is the time-delay

Image credit: NASA

In 2014, Fermi got the first flare, and

11 days after, MAGIC detection

First gravitationally lensed VHE vy

rays ever observed
— 2hours, 6 sigma significance

Flux >100 GaV jom™ 57
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(need less power but higher proton energies

Hadronic origin y-ray scenario: 3C 279

than photomeson (py) origin)

Data : Orbit-D (red: simultaneous UV, X-ray and y-ray data)

(L(GA)\T collab.16, MH+16)
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GeV y-ray origin: proton synchrotron
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Towards the next generation IACTs

The Cherenkov Telescope Array (CTA)

— S

. Artis‘tic,‘impressjon of the GTA, image courtesy G. Perez, SMM, IAC




KA#ZE
low energy threshold

. 42
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CTA Consortium

CTA-Japan
30 institutes.
118 members
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32 countries

209 institutes
1346 members (456 FTE) 35




: Two Array Sites
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CTA performance

(compared to the current Cherenkov telescopes)

1. energy range is extended: 20 GeV to >100 TeV

2. increased FOV
— (50-80 (cTAl VS 30-5°[now])

3. better angular resolution
—  (0.05° [cta1vs 0.1° [now])

4. better energy resolution J—-.

— (1 0-20 Y%ictavs 15-30% [now]) Energy E, (TeV)

Funk & Hinton 2013
— E =25 GeV
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more feasible than Fermi-LAT
for short time observations
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Differential sensitivity (C.U.)
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LST (Large Size Telescope)

Diameter : 23 m
Dish Area: 368 m?
Focal Length : 28 m

F/D : 1.2
Dish profile : Parabolic
(<0.6nsec)

segmented mirror : 198
Camera FOV: 4.5°

1855 pixel (0.1° /50mm/pix)
dish structure : CFRP

total weight : ~ 120 ton
re-pointing : < 20 sec
Active Mirror Control (<147)




Organization: observatory
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Science Working Group coordinators

Consortium Board

Spokesperson
Co-spokesperson

Science Coordinator
Deputy Science
Coordinator
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Stefan Funk

Stefano Vercellone

cta

cherenkov telescope array

Science with CTA

SWG1 Coordinator SWG2 Coordinator SWGn Coordinator
Deputy SWG1 Coordinator Deputy SWG2 Coordinator Deputy SWGn Coordinator
. . )
: Six Science WG’s :
Galactic SWG Transient SWG
- Jamie Holder (Coordinator) - Susumu Inoue (Coordinator)
- Roberta Zanin (Deputy) - Catherine Boisson (Deputy)

Cosmic-ray SWG
- Stefan Ohm (Coordinator)
- Sabrina Casanova (Deputy)

Extragalactic SWG
- Elina Lindfors (Coordinator)
- Fabrizio Tavecchio (Deputy)

Dark Matter and exotic physics SWG
- Fabio Zandanel (Coordinator)
- Aldo Morselli (Deputy)

Intensity interferometry SWG

- Dainis Dravins (Coordinator)
- Michael Daniel (Deputy)

Key Science
Program (KSP)
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Transient KSP

 GRBs
« HE neutrino transients

« (Galactic transients
— microquasars, PWN flares, novae, etc

« X-ray/optical/radio transients
— TDEs, SN shock breakout events, FRBs, new transients

 gravitational wave transients
« serendipitous VHE transients
* VHE transient survey via divergent pointing

Related KSPs:
 AGN (flares), LIV studies



GRB light curve: Fermi vs. CTA

based on GRB 080916C
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Test UHECR origin, LIV

expected detection rate of GRB ~0.5 GRB yr’
(very model dependent, though,,)
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Divergent pointing

, L~
Normal pointing mode Divergent pointing mode

1.« Wide FOV at expense

" F 25

. . of sensitivity
1= (only MST/SST?)

O divergent
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Gérard+ 2015
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Fov-20degaia. o fast scanning of large
region, e.g., GW follow up
Survey mode: Su rvey.
eyl GRBs from onset prompt
: emission physics

(crucial but poorly understood)
* unbiased transient survey

e.g. FRBs
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Summary

* |ACT trainset follow-up programs (ToO program)

— can start observation in real time (auto) and the next night (manual)
— duty cycle ~15% (~1200 hr) including moderate moon time.
- multi-messenger (v) alerts (auto/manual) = no detection, yet
— archival HESE/track events, HESE/EHE alerts
- GRB alerts (real time) = no detection, yet
— MAGIC observed 90 GRBs (and several within prompt)
- multi-wavelength alerts (manual)
— successful for blazars - extended the y-ray horizon to z~1

« CTA: transients’is one of the key sciences
— pre-defined ToO program within the consortium
— plan: 18t LST: 2017 Nov., Scientific operation starts: 20217?




