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e O Imanging Atmospheric Cherenkov
Telescope (IACT)

Imaging EM-cascades initiated by
high energy gamma-rays inside
the atmosphere with Cherenkov
photons.

From obtained images, rejecting
hadronic background and
estimating energy and direction of
primary gamma-rays.

By observing the same cascade

0.1 km light pool", a few photons per m with multiple IACTs, the senstivity
improves dramatically.

Q Cherenkov Telescope Array (CTA)

- Deploying tens of IACTs ~km?
area.

- 3 different sizes of telescopes

« One array in each hemisiphere.

Seyth Site(Paranal, Chili}-
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ICRR, ), CTA and multi-messenger (Cta

Type Il Supernovae Supernova Mechanism v, LowE-v
Supernova Reminants (hadron) CR acceleration Y,V

Pulsar Halo CR propagation Y, electron
Galactic Diffuse, Center CR accel. & propagation. Y,V

Blazars Jet physics, origin of UHECR r, v, UHECR
Seyfart Galaxies AGN structure Y,V

Neutron Star merger Short GRB mechanism r, GW,

Low Lominosity GRB GRB mechanism and diffuse v Y, V
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Type |l Supernovae
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P. Cristofari, MNRAS 2021
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Time [days]

Core collapse explosion inside
the dense material released by
Red Supergiant.

Shock is formed and efficient
acceleration up to 100 TeV within
several days.

TeV gamma-rays are initially
absorbed inside the photosphere,
and become visible after several
days.

Flux and light curve depend on
explosion energy, Ejecta mass,
mass loss rate, Radius of the
progenitor etc.

CTA can detect them up to
LMC/SMC distances (~50 kpcs)

Combined with SK/HK
observation of supernova
neutrino one can study the SN
mechanism.
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RX J1713, CTA KSP G106.3, Best PeVatron candidate
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Ice Cube: arXiv:2008.04323 (2022)

Definite proof of Proton acceleration requires pi-O cutoff or Neutrino detection.
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Pulsar Halo and positron excess
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Parametrization Fit (x*/ndof = 26.2/77.0):

10—2.

JE3[s~lcm™2sr 1GeV?]

® CALET total flux
© CALET after systematic uncertainty shift
+  AMS positron flux

CALt l y IC RCZUZ : — total flux, x?: 14.3 (CALET data)

---- background from secondaries + distant SNR
« total flux from all pulsars

= positron flux, x?: 12.0 (AMS-02 data)
| ---- background from secondaries

= positron/electron flux from all pulsars

Individual Pulsars:

—-= ]0633+1746 [Geminga]

J0659+1414 [Monogem]
- J0954-5430
- J1003-4747

J1057-5226

J1732-3131

J1741-2054

J1745-3040

)

Parameter Values:

Ce=0.0800 cm~2s~'sr-1Gev~!
Ye=3.23; Ecur, = 10000 GeV

Ay=0.25; Eg=33.39 GeV ; s=0.05
Cs/Cnorm = 1.33

N=0.003; Yex = 1.81 ; Eqyr,, = 1371 GeV

2 Tr=60.00 kyr
10%  [Wnom| =0.45 ; |Wiraci| = 0.63
|Wen.sel | =0.25 ; |Wey,ig. | = 0.04 ; [wuc| = 0.22
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! zC@to eti’"ajl, , Nature Astronomy 2022
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Fig. 1. Surface brightness profile of emission around the Geminga pul-
sar measured with HAWC (Abeysekara et al. 2017a). Shaded regions
indicate the parts of the emission profile that are used as ON (radius
6 < 1.0°) and OFF normalisation (radius 6 > 3.2°) regions to estimate
the background level and evaluate the significance in the analysis of the
2019 H.E.S.S. dataset. The region shown for normalisation of the OFF
counts is only accessible with the 2019 dataset, due to the wider point-
ing strategy used.

Still not clear how TeV Halo is created
and how the diffusion is supressed.

)| Sudoh etal., 2019, Phys RevD. Tq understand better we need

+ Energy dependent morphology
with high ang. resolution

« Energy spectrum
+ More sources (so far ~7)

« 10 times more with CTA
10
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Galactic Plane and D

ITfuse
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Excess counts (0.07-200 TeV)

-130
Longitude [deg]

-140

Region STP (h) LTP (h) Total (h)
SOUTH

300°-60°, Inner region 300 480 780
240°-300°, Vela, Carina 180 180
210°-240° 60 60
NORTH

60°-150°, Cygnus, Perseus 180 270 450
150°-210°, anticentre 150 150

Detailed Cosmic Ray Propagation study with gamma and neutrino

Number of sources (> Flux)

log,s(Nexcess)
2

===+ Simulated data
Fitted model
Fitted IEM-base

True IEM-base
True sources: TS>25
True sources: TS<25

cherenkov telescope array

Unresolved 'sburces

Resolved sources

—— Fitted sources: TS>25 True CR background

10-11

F1-2007ev [cM™2 571]

10712

10-13

NN TR A Al T e T RR e, o

Intersteller emission

0
Galactic longitude [deg]

Figure 15. Flux distribution in Galactic longitude from different source and background components.
Fluxes are integrated over latitudes of +6° and over a 6° sliding window in longitude for the 1-200
TeV energy range. The fitted models are displayed as solid lines and the simulated models as dotted

lines.
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IceCube, Science 380 (2023)
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Galactic latitude (degrees)
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HESS, Nature 2016

LST-1is located at 28°N latitude:
the Galactic Center in the southern sky requires LZA observations (2 58°)

The first LST-1 sky map highlights prominent signals,
and illustrates successful extended-source observations.

1.0TeV<E<21.5TeV

Galactic Latitude

Latitude [b]

0°30'

-0°15'

[ Zenith Angle

1 (Zd: Zenith distance)

R. Lopéz-Coto, 2015.

LST-north is a good
detector for GC.
5 It will come earlier

DR | | than the south
15" array
8
00’ 6 E
4
- , LST1 mono,
by S. Abe (ICRR)
1°00' 0°30' 00’ 359°30' 0 JPS 2023 Autumn
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TXS 0506+056
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« TXS 0506 is the only objects which showed
possible TeV gamma-neu correlation

« A 290 TeV neutrino event during flaring
activity in 2017, with ~3 0.

« In addition, 3.5 0 neutrino excess
between 2014 and 2015.

* nu: p-gamma interaction
« gamma: leptonic EC

« Why only TXS05067
+ ~80 blazars with TeV detections.

« TXS0506 is BLLac, and not particularly
famous.

« We need more statistics/sources.

“GFU (Gamma follow-up program)” is being

coordinated by K. Noda et al.

« Giving list of intereting sources/nu event
conditions to IceCube and ask them to
alert.

correlation alert

Unified
list

N veriTas —»
visibility not -
included

T
conditions
(incl. visibility)
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Seyfert Galaxies

‘ cherenkov telescope array

NGC 1068
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More candidates

Prospects for Observations of Bright ncarby Seyfert Galaxies in 10 yr of

IceCube Operations
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10? 10* 108
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10°

Non-bias search needed?

p-value

Stochastic (High  Stochastic (Mod-

Magnetic

- Fermi/LAT 2FHL catalog

Source CR Pressure) est CR Pressure) Reconnection « Detectable sources within CTA surveys
NGC 1068 10° 0.09 18 x10* = AGNs detected by IACTs
NGC 1275 0.03 0.3 0.1
CGCG 0.04 0.3 0.1 g’

164-019 3 TA KS P
UGC 11910 0.1 0.4 0.09 £ vao
Cen A 0.5 0.2 0.2 % .
Circinus 0.5 0.3 0.3 <

Galaxy 5 Extragal Survey
NGC 7582 0.5 0.5 0.1 . 'I 000 hours
ESO 138-1 0.5 0.5 0.09 o
NGC 424 0.5 0.5 0.5 « 25% of sky
NGC 4945 0.5 0.5 0.5 90°

galactic Io:gitude (deg) * 6 mC rab
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ta

herenkov telescope array

GRB 170817A/GW170817

—4 2 0
Time from merger (s)

(oo
weeks  X/Radio =/
~months afterglow < , /
Jet-ISM shock | /. ~sec / Zyears
Off-axis X/Radio
4 sGRB flare
/" Ejecta-ISM =
shock ~lday opt.
/| macronova |

Cocoon
v~0.2-0.4c ~10day IR

I:;::gt:r ‘ ’ § macronova
Yloka ot al, PTEP 2015

v~0.03-0.2¢
(dynamical/
Fig. 1 Schematic figure of our unified picture.

shock/wind)

DEC [deg]

GRB 160821B

2 18F
H F Time = 3.78 h
GRB 160821B (XRT) =z - Nop = 23;N_ =106+ 1.0
Ny = 124

Significance (Li&Ma) = 3.09¢

~3|0

005 o5
18.8 18.7 18.6 18.5

MAGIC ApJ (2021 f’
RATh]

Ei.oc=1.2x10%0 erg t=24stot=4 h
Z=0.16 Under moon

TH workflow
Follow-up

observation of
neutron star
merger is one
of the top
priorities.
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Low Luminosity GRB

cta

cherenkov telescope array

106 107
— 10° 106
i —
2 K
8 104 'L 105
9, o~
S 10 ‘v 104
O,
2 102 a 103
5 Z
2 10 a 10?
8 3
o 1 g 10
4 ©
B o1 § 1
% 10-2} MM IceCube = 01} M 1ceCube
IceCube-Gen2 [ IceCube-Gen2
1073 1072

10% 109 104 1042 104 10% 104 10% 10%7 1048
effective neutrino luminosity L,[erg/s]

IceCube 2008.04323 (2020)
* GRB190829A

104 1047 1048 10% 1050 105! 102 1053 10% 105
effective bolometric neutrino energy E,[erg]

Precursor Neutrinos Prompt Neutrinos s

i Y
Ao VY ()
\ i
) 0 4
Vi
g i iy
\ 1 e
A
il Shock Breakout W
]
Ly
e sunRas
Stll Radius Choked et Choked et
Extended
Material
Progeaitor Progenitor Progenitor
Core core Core

FIG. 1: Left panel: The choked jet model for jet-driven SNe. Orphan neutrinos are expected since electromagnetic emission
from the jet is hidden, and such objects may be observed as hypernovae. Middle panel: The shock breakout model for LL
GRBs, where transrelativistic shocks are driven by choked jets. A precursor neutrino signal is expected since the gamma-ray
emission from the shock breakout occurs significantly after the jet stalls (e.g., [26]). Right panel: The emerging jet model
for GRBs and LL GRBs. Both neutrinos and gamma-rays are produced by the successful jet, and both messengers can be
observed as prompt emission.

Orphan Neutrinos

B

Extended
Material

« LL GRBs are good
canndidate for diffuse nu

+ Eiso = 1.8 X 10°° erg
» Redshift z = 0.078
+ H.E.S.S. detected VHE emission

D. Xu et al. Ap] 776 98 (2013)

« Can be explained by

» Very low radiation efficiency of
prompt emission (0.12 %)
cf.) Salafia et al. (2022)

*GRB201015A
e Eiso = 1.1 x 10°° erg
» Redshift z = 0.426
« MAGIC observed and reported a hint
of signal

choked jet model . (Senno
et al., Phys Rev D. 2016)

« Can be explained by off-
axis (Sato et al 2021,
MNRAS).

*CRH]30427A © SN-less GRBs

* MAGIC paper in prep.

(K. Terauchi)
* GRB180720B (z = 0.65)

* GRB201216C (z = 1.1)
* GRB190829A (z = 0.078)

From K. Terauchi, ASJ meeting

® GRB/SNe @ Amatietal. (2009) |
* FermifLAT  Butleretal. (2007) ||} . Out Of 6 TeV GRBS 2 are
— - — ) ’
0 1 2 3 4 5 6 7 80 10 20 30
RcdshiftJ I Number LL GRBS'

* GRB190114C (z = 0.42)
GRB221009A (z = 0.15)
* GRB160821B (z = 0.16; short)

We need more samples
with CTA to understand

the mechanism. 17
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Type Il Supernovae Supernova Mechanism Y, LowE-v
Supernova Reminants (hadron) CR acceleration Y,V

Pulsar Halo CR propagation Y, electron
Galactic Diffuse, Center CR accel. & propagation. Y,V

Blazars Jet physics, origin of UHECR r, v, UHECR
Seyfart Galaxies AGN structure Y,V

Neutron Star merger Short GRB mechanism Y, GW,

Low Lominosity GRB GRB mechanism and diffuse Vv Y,V

« With CTA and other messengers, one can study
many different topics (much more than this table).
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