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GAMMA RAY TELESCOPES

Space-based Imaging Atmospheric Air shower
pair production Cherenkov Telescopes Arrays
telescopes

0.1-100 GeV 50 GeV—-100TeV 100 GeV — 100 TeV
Small area Large area Large area
Background-free Excellent bg rejection Good bg rejection
Large field of view Small field of view Large field of view
High duty cycle Low duty cycle Large duty cycle
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Fermi GST

Large Area Telescope (LAT)

7 incoming gamma ray

electron-positron pair

y-ray converts in LAT to an electron and a
positron ; tracking these give us the
direction and energy of the photon.

Launched from Cape Canaveral
11 June 2008
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Atmospheric showers and Cherenkov radiation
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Run 325446 Event 56
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Crab Nebula
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* MAGIC dataset: 320 h (2007-2014)

MAGIC, 2016, A&A, 585, A33
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B Different stages of SNRs as cosmic ray accelerator
B CTA will deliver more information on SNRs as cosmic ray

accelerators
B We can survey most of SNRs in our galaxy = C.R. energetics
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— Electron-photon interactions
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clumpy wind

GA-EX 608, 459, 805, 243

102 | HESS 10632+057 apastron periastron
"_H L1 T 1 1 I'MJTD 5[29;7-;3;8|T L I T 170 [ 17 l ]' T 0 T. L) I L : I' 1T I 1 T+|6 T I 1 Tl1 T_ 6
".‘m 14— MJD 53282-53506 1 orbital peI'IOd P=315""d 1 7
c - e MJD 53507-53011 i 4 I _7
) - MJD 53912-54226 —5
= 1.2 — MJD 54227-54541 i . ) 1
D losesren 0 Preliminary 1
~ 1 MJD 55172-55486 il 1 —4
‘X [~ — MJD 55487-55801 7]
w n MJD 55802-55956 i 1 7
_g : | | N 3
“ 06 : 1 1 ]
- | ! 2
0.4 | i 1
L L v T L g
0.2 - [ % . x + 1 _: 1
SR S [ 4 i i 1
of — *i —p
- A’ n
-0'2 '_l Ll 1 LA 1l l Ll 1l 1 I ) I Ll 1l l - I Ll L l ) I l LA Ll l I - 1_ -1
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
phase

-

Flux (0.3-10 keV) [x10"? erg cm? s°1]

I Relativistic jets

Pulsar with massive star

e

Pulsa r .

. Compact object | /

of center
|

Ultraviolet emission

Accretion disk

v-rays/v

Flux [10° ph cm™? s

T. Saito, ICRR, University of Tokyo —- High Energy Gamma-Ray Astronomy —- Spring School 2021, March

Massive star
. 4

y-rays/v

< Observer

Mirabel, 2012

LS| +61 303 Superorbital Modulation!

Superorbital Phase

_I_

o
N

0.8 1 1.2 14 1.6 1.8
I L
1.1:—
s
0.9f _|_
+ T, +

S
o

! | L Il L ! | L Il Il | 1 Il

55000 55500 56000

33



#R A FRILN ICRR,

Institute for Cosmic Ray Research
University of Tokye

HESS Deep Observation of 250hrs

Spectrum:
Parent proton could be 1PeV =» PeVATRON?

Radial distribution 1/r:
Consistent with the diffusion from the central BH
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‘Blazar”
iewing down the jet]

Active Galactic Nuclei (AGN)

High-luminosity extragalactic

Active Galaxies
objects

‘Quasar/Seyfert 1”
lewing at an angle to the jet
> Probe properties of the
‘Radio Galaxy/Seyfert 2" universe at large distances
iewing at 90° from the jet . Highly variable |

o Black Holg \\ // = - Jets powered by accretion on to
Accretion DJiSk\// supermassive BH
' So far, AGN are generally:
Blazars
Torus of > Jets aligned with line of sight
Neutral Gas
and Dust * But also radio galaxies (e.g M87)

> Jet viewed from the side

Radio Jet

Image: Aurore Simonnet, Sonoma State University
lllustration: Robert Naeye, NASA GSFC
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GRB 080916C
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Extended Data Fig, 2| Significance of the y-ray signal between 7, + 62 s and verticalline represents the value of the cut on 6, This defines the signal region,
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7o+ 1,227 s for GRB 190 114C. Distribution of the squared angular distance, &, where the number of events coming from the source (V) and from the

for the MAGIC data (points) and background events (grey shaded area), 8is background (V) arecomputed, The errors for ‘on’ events are derived from
defined &5 the squared angular distance between the nomimal position of the Poissomian statistics, From N_ and N .. the number of excess events (N ) is
source and the reconstructed arrival direction of the events. The dashed computed, The significance is calculated using the Li & Ma method
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— 1 Systematic uncertainty Cambresy et al. 2001 (DIRBE/2MASS) Dube 1979/Leinert 1998 UL
L Dwek & Arendt 1998 (DIRBE) Elbaz et al. 2002 (1SO)
B Fazio et al. 2004 (SPITZER) Finkbeiner et al. 2000 (DIRBE)
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Keenan et al. 2010 Lagache et al. 2000 (DIRBE)
10 Levenson & Wright 2008 (SPITZER) Madau & Pozzetti 2000 (HST)
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Mattila et al. 2017

Matsuoka et al. 2011 (Pioneer 10/11)
Metcalfe et al. 2003 (ISO)

Penin et al. 2012

Voyer et al. 2011

Xu et al. 2005 (GALEX)

Abramowski et al. 2013 (H.E.S.S.)

Matsumoto et al. 2015 (IRTS)
Matsuura et al. 2010 (AKARI)
Papovich et al. 2004 (SPITZER)
Schlegel et al. 2000

Wright & Reese 2001 (DIRBE)
Zemcov et al. 2014

P Ackermanns+'12 (Fermi, w.rt. D11)

107"

10 10°

O Compared to other gamma-based EBL scale measurements

0 Good agreement with HESS and Fermi-LAT measurements

Not much more EBL than the one from the resolved galaxies

T. Saito, ICRR, University of Tokyo —- High Energy Gamma-Ray Astronomy —- Spring School 2021, March
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oot s ICRR
Institute for Cosmic Ray Research
E 21\ University of Tokye

Search for Cold Dark Matter

Target regions with:

Hypothesis: DM = WIMPs - Favorable DM distributions.
+ Indirect detection of - Large mass/light ratio. galatctic
WIMP annihilation = v, v etc. el

Galactic Halo-

AT

o Galactic _

p Satellites
V.V Extragalactic

e Sources
y continuum _
r lines d

Search for excess
Point back to source _ Components
INn cosmic rays
(Diffusion)

Simulated y-ray signature in galaxy
(PAMELA,AMS,GAPS) Taylor & Babul (2005)

Complementary approach to direct detection & LHC
Goal is to do DM astronomy !

T. Saito, ICRR, University of Tokyo —- High Energy Gamma-Ray Astronomy —- Spring School 2021, March 41



- 10 fold improvement in ser;sitiVity
10 fold improvement in usable energy range
‘much larger field of view |
strongly |mpr0ved angular resolutlon

L .



2 Low-energy sectlon' THE oo (one) pOSSIble COﬂfIQUFaTIOn :
' f:'4 X 23-‘m tel. (LST)y -~ i f i - -Sotthern. 100 M€Array (2006 costs)

“=Watabolic reflector” ~ - JE T TS
- FOV: 4-5 degrees ~ Core-energy -array:_q R
~energy threshold 23%12 mtel. (MST) -4&'
- Davies-Cotton reflector s ‘High-energy section:

. of some 10GeV

-FOV: 7-8 degrees \*0 -70 x 4-6 m tel. (SST)
MCrab sensitivity . Davies-Cotton reflector

~ inthe 100 GeV-10 Tev . (or Schwarzschild-Couder)
“domain L WSROV ~v10 degrees

%kmz area at

_ Core array expansion multi-TeV energies
with dual-mirror

telescopes




5. Future of Gamma-Ray astrophysics

ICRR

Institute for Cosmic Ray Research
University of Tokye

La Palma, Canary islands

Paranal, Chile

I I I I
Northern Hemisphere . Type:

23-mLST @
12-m MST o
/ (MAGIC) ©

(o]

| . . < MST9
' 4 / K
S
° . °
MST3 @V Lst4 MST 10 -1 A
O & B mox.
LST2 Y :
° LST1 O wmsr
s i 250 m
(o]
° ¢} Ms:u
MST1 MST? 1w
(o]
(o}
MST 13 )
MST 14 Circle:
- 400 m

4

LS4 LSTs, 15 MSTs

Southern Hem'isphere |

Circles:
- 400 m
- 800m
-1200 m

Type:
23-MLST @
12-M MST @

4-M SST =

4 LSTs, 25 MSTs, 70 SSTs

1000 m
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5. Future of Gamma-Ray astrophysics ICRR))).
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5. Future of Gamma-Ray astrophysics ICRR ).

University of Tokyo

Large Size Telescopes of CTA g By

223 members

(134 receiving emails)
/3 FTEs

T

T. Saito, ICRR, University of Tokyo —- High Energy Gamma-Ray Astronomy —- Spring School 2021, March



LST Project : Big International Effort
BR(Brazil), CH(Switzerland), DE(Germany), ES(Spain), FR(France),

IN(India), IT(Italy), HR(Croatia), JP(Japan), SE(Sweden)

Focal Plane Instr.
Electronics (JP/IT/ES
Camera body (ES)

Camera Supporting
Structure (FR/IT) Mirror (JP)

terface Plate(DE/BR/JP)
Actuator (JP/CH)
CMOS-Cam (JP)

Star Guider (SE)
Calibration Box (IN/IT)

Flywheel, UPS (JP)

Computers, network (JP)& Structure (DE)
| ructure

Access Tower (DE/ES)

Drive (DE/FR/ES)
Bogie (DE/ES/IT)
Rail (DE/ES)
Foundation (ES)

D. Mazin, LST Project Manager 47



Mirrors

ICRR, Japan

ICRR, U.Tokyo

Shipping schedule

2017 Aug : LST1-2 Mirrors (400 units) @La Palma
2017 Oct: LST3 (200 units) are shipped
2017 Dec : LST4-5 Mirrors (300 units)

cherenkov
C a telescope
array

Developed last 6 years
m Light weight 45kg

B Tolerance <10um
m Reflectivity >92%
m Aging ~1% /yr

Before 2016 : 100 Mirror proto.
2016 : LST1-LST2 Mirrors (400)
2017 : LST3-LST4 Mirrors (500)
produced and in production

D. Mazin, LST Project Manager



telescope
array

cherenkov

FPI module

265 modules/ Tel.
needed.

3

Trigger back planes 270 modules are

assembled @ IAC

Ry

Now ready

e /'*' \ —raean to ship
s I7RE | N ——— to IFAE
Network switch and TIB Camera server il
(now TIBv4 available!)

. o i
" Module assembly

D. Mazin, LST Project Manager



LST1 progress since November 2017

Backplanes of the camera installed @ Jan 2018 Camera mechanics finished Cob 2018
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ENgineering runs

« Crab pulsar * AGNSs
. Challenging to detect a pulsar only with — Follow-up observations of flaring sources
commissioning data (11.4 h from early 2020) — Already detected Mrk 421, Mrk 501, 1ES
« P2 clearly detected with significance 5.2 o J1959+650, 1ES 0647+250 (likely the most
e P1 <ionificance is still marsinal distant source detected by the LST)

Mrk 421 (20200622)
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CTAdY A + SEROEHE

North: LaPalma (Spain)

To be bullt In %()21—2023
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Your (possible) future  LCRK,

University of Tokyo

T. Saito, ICRR, University of Tokyo —- High Energy Gamma-Ray Astronomy —- Spring School 2021, March
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Super Nova Remnants as cosmic ray accelerators

Galactic Latitude (deg)
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Institute for Cosmic Ray Research
University of Tokyo

IC443 and W44, FERMI Collaboration (in Science)
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VADZS 5

Planck CO map

H.E.S.S. Galactic Plane

SN 1006

HESS J0632+057
ol
W

Survey 77 T RO R

= ~ 3000 hours of observations on
the Galactic plane conducted

= Used to compile a survey Iin

gamma-rays
= 78 sources included in the o s 250200
Upcommg paper HGPS observatlon tlme(hours) %‘)0
VERITAS C S >An ~on e
YRR Galactic Loi;?tude (dz;? VERITAS Cygnus Survey

310 hours of observation,
5 sources detected

Not firmly

VER J2019+407

R J2031+415

36 0
Not firmly identified

SNR, 1 2

84 80 76 72 68

Daniel Mazin CTA Japan Meeting, 2017 Dec 18/19, 2017, Kashiwa-no-ha 56



