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Two sites for
all sky observatory

ORM, La Palma, Spain

Paranal, Chile
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Science of CTA-LST Is very wide

LST will cover S.M.B.H., Dark Matter, AGNs, GRBs

Cosmic Ray Origin Super Massive Dark Matter Search (Discovery)
Black Holes
B Origin of Cosmic Rays (Big accelerators) Extragalactic Sources

B Black Hole and S.M.B.H.
B Dark Matter Search
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> 220 high energy sources are discovered.
CTA will observe more than 1000 sources.

Super Nova Remnants Binaries
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LST sub consortium focuses on the CTA-LST Array on La Palma

The CTA-LST array has a good sensitivity from 20 GeV to 1000 GeV
Distant AGNs up to z = 2, and GRBs up to z = 4 are observable

X10000 sensitivity for GRBs and AGN flares than Fermi

The fast rotation (20 sec) offers the observation of prompt emission of GRBs



(Cta aeener CTA Phase I and the enhancement

in CTA CB and BP

CTA CTA

COST Book 2020 Construction Enhancement

Northern Array Number of LSTs

Number of MSTs 10
Southern Array Number of LSTs m
Number of MSTs 10

Number of SSTs

Busi Plan 2016 Baseline  Threshold Priorities
gsiness - -an Site Telescope . Beyond
Number Scenario
Threshold
LST 4 4
CTA-South MST 25 15
SST 70 50
LST 4 4

CTA-North

MST 15 5 +5
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LST statistics
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UNIGE DPNC
» Data analysis pipeline
« Data/Monte Carlo validation

10% [y
N — Data

A --- Simulation

\ 1 68% Confidence Interval, Data

104 "" 68% Confidence Interval, Simulation

Trigger rate, Hz

10*

o ! | !
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Threshold, [mV)

L1 trigger rate data/MC comparison

UNIGE ASTRO

e Telescope Control Unit
e Engineering GUI

LST Observation scheduler

Swiss scientist’s role in LST

UNIGE DPNC:

» System engineering with
main focus on CDR
follow-up

Declaration of COR Pass
Following the crieris for passing the COR given in Section 2 and the agreed wark plan given in
Section 3, the CTAO is pleased 1o confirm that the criteria are fufied o pass the COR. Therefore,

CTAQ declares the LST Critical Design Review as passod.

The CTAD. o

he g the
plan ghven in Section 3 and the

all review
LST1 as the frst CTA O pe.

The CTAO is aiso lsoking forward fa the production of the LSTs 2. 3 and 4 by the LST Sus-
Cansortium and the acceptance and infegraion ko the CTA-North Observatory aray.
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cta sz CTA-LST Project

LST1 is Inaugurated on 10 October 2018

M 2017-2018 LST1 (15MEur)
M 2020-2023 LST2-4 (45MEur)
B Budget are almost secured
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¢ In Feb 2019 LST1 is awarded with 215t Cent. Technology 2019
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Mirrors: JP
Interface plates: JP, DE, BR
Actuators: JP, CH
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telescope

i Crab Nebula and Pulsar

2hrs of Crab observation in Nov. 2019

cta == Commissioning of LST1

alpha cut = 6deg 16
4500 gammaness>0.9 & intensity>250 200 9ammaness>0.9 & intensity>1000
[ Crab ON =1 Crab ON
4000 (>SOGeV) Crab OFF 600/ (>ZOOGEV) Crab OFF | 1
3500
$ 2000 significance = 33.6 0 85001 _
: s ignificance = 53.0 ¢ 28 127%
® 2500 Pl — 400 | sig . g3 s
5 Mg g 5 83 Y
§ 2000 ST, | § 300 2% 8
E £ S5 Z
3 1500 2 500/ gg 10,:’13\
1000 E
21 Signisicance=Nex/sqrt(Nbg) 100] = --1_"L‘J_J_L___J‘.H_,Hr;_xmn_h_:ﬁ ‘
8
5 20 40 60 80 5 20 40 60 80
alpha [deg] alpha [deg]
Excess = 29.0/min Excess = 9.6/min phgulardistance °
. 4600 . [ ] [ 75*—*““@ = 70043
16hrs of Crab Pulsar Observation, e
4500 Nex (P2) = 514 |
January/February 2020 e ehal|

Threshold energy is estimated as 40-50GeV
Confirmed the accurate time stamp

Extragalactic Sources

Mrk421, Mrk501, 1ES1959 !! 4100

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.0
Pulsar phase [¢]

In three years, we will get an Instrument with a 10-20 times better sensitivity !!
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Installation
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2021-2023

LST Timeline

* Deployment of 3 more LSTs, and 5 MSTs in CTA North
e Study the Advanced Design and Prototyping, and create budgets for LST South
e 2024-

* QOperation of CTA North will start
* Construction of LST South (by Switzerland, Japan, Italy-INAF, Germany-MPP,,,)

2020 | 2021 | 2022 | 2023 2024 | 2025 | 2026 | 2027 | 2028
Comissioning and Operation of LST1
LST North CTA North starts the operation with 4 LSTs and 5 MSTs
r r ration wi n
CDR Deployment of LST2-4 B
MST North Design and Finance | Construction of 5MSTs
2020 2021 | 2022 | 2023 2024 2025 2026 2027 2028
LST South Advanced Design and Proto / Finance / CDR Construction of 4LSTs Operation
2020 | 2021 2022 | 2023 | 2024 2025 2026 | 2027 2028
P CTAO gGmbH
Organization ;
| CTAO ERIC (European Research Infrastructure Consortium)
2020 | 2021 | 2022 2023 | 2024 2025 2026 | 2027 2028
Construction and Deplyment of 15 MISTs Operation of 15 MSTs
CTA South Design and Finance INFRA
Construction and Deployment of 50 SSTs Operation of 50 SSTs
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Physics of compact objects,
acceleration/absorption in jets, ...

Expand Gamma Ray Horizon with LSTs
1.0 = Zmax

Zmax

Absorption in (infrared)
extragalactic background light (EBL)

v(TeV) + y(EBL) — e'e

Frequency v [GHz]

E

Measurement of EBL
(— Cosmology )

10"

10°

107

10°

Wavelength A [um]

10*

10"‘%— FBL .
10° — / \ CMB ]
mg% stars du‘at E
107 // /\\\ \ .

10’

10°

= 3.0

E—- o.01 | .
0.001 =
E,(TeV)
Time since Big Bang [Gyr]

13 9 6 S 4 3 2

i |\‘;-_ Tyy = 1 * This work T

Tk “‘ Blazars (HEP) J

Jr ----- Finke et al. 2010 Model C (29) 1

= R ¢ Dominguez et al. 2011 (37) ]

3 I H ------ Helgason & Kashlinsky 2012 (38)
LTCj O.l;
LST@45° Eth 40GeV |
LST@25° Eth 20GeV |

Redshlft
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Progenitor
(massive star)

cherenkov
telescope
array

Internal
shocks

Gamma-ray
burst

TeV-GRB 190114C observation with MAGIC
Two Nature Papers 21. Nov. 2019

Synchrotron Inverse Compton
1077 .
-~ : i W Energyspectrumisextendingto TeV
- T o) energies
| Shel? > " 68-110s 3
External -, % 100l B Significantenergy released in TeV
g “\ Fe line o E — domain
10-10 | XRT , _BAT I : ]
107 3 B Afterglow curveis parallel to X-Ray
N i 3 afterglow
Afterglow IE 10-8
% B | ST will detect 10 times more events than
= 10°] MAGIC and HESS
10710 - !

108 106 10° 1012
Energy (eV)
TeV GRB190114C Skymap Bg. free 10" b= 146, GBM (10-1000 keV) .
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E?F(E) [erg cm~2 571]

E?F(E) [erg cm~2 57 1]

ca ==~ IC170922A / TXS 0506+056

array PeV Neutrinos may come from distant UHECR sources
The source density relates with the Star formation rate

Ice Cube Observation (~300TeV)

original GCN Notice Fri 22 Sep 17 2055:13 UT 10
refined best-fit direction IC170922A
R = |C170922A 50% - area: 0.15 square degrees 9
w— |C170922A 90% - area: 0.97 square degrees 8
o 4 ?}
2
5 6 < .
s 2 Fermi LAT
/ s s 5 rermi
/ 4 g =
¢ g +3 (>100 MeV)
: : * §
» L
wd &
$ 2
: 1
0

25

Lepto-Hadronic Scenario

Frequency [Hz]
101 1013 10%° 10%7 1019 1021 1023 1025 1027 1029 1031 1033

107° —_
Ep.max =10% =
1071 ¢ - e-sync. jet & § IVl AG I C
| === @-sync. sheat g 8
¢ (>100GeV)
R R e O . N . S yn cascade g @
10-25k 1 sync. %
BH cascade P
b w— total EM =
10°Y A
_—, 2 PKS cf«:e.o-:§
10711 L (\_ J
r ® MAGIC 58057 3 Bl
10-13} ® MAGIC 58029- 78.0 776 77.2 768 76.4°
& MAGICLS Riaht Ascension
15 Y Fermi-LAT
10- ® NUSTAR 58025 .
o NisTAR eI GTC Observation z=0.3365
10—17 ul

10-"1 - 16-2 ‘ 16" - 162 ‘ 16“ ‘ 165 ; 163 ‘ 1610 ‘ 1011:2“ 10I“ ‘ 10I16 ‘ 10I18 .
Eneray [eV] S. Paiano et. al 2018




cta Dark Matter Search

Sensitive MX: 200GeV — 10TeV

Low-energy photons Pocitrons dod 1 <o v > de
e~ e T =— Z TByx [ dQ' [ p*di(r,0)
® » dEy 47 2miypup dE,
: e f AQ los
Sl in-energy Electrons . ~ 7N -~ 4
gamma rays ) ’Particle Physics’ 'Astrophysics’ orJ(E)

q’\/\/\?' Neutrinos . . .
/‘* —L’t. % Particle Physics Astrophysics
eptons 4
P e

- i Antiprotons - —_
Supersymmetric . ‘/\J\/\/} Q 102 = XX = bb P
neutralinos BOEONS '\AA/\/W\Wrotons - / ',a
Decay process m—)p E / . / ”’LAT GC Halﬁ.o
LHC* g R\
Yy prompt spectra — 1024 = / / -~ ‘,T.AT IGRB o’
100000E T — T " a / . - “‘.t
F o . “E = coupp: / / * ot
1.0000f ==~ ""- wiws - S, B
3 3 A 0B /LAT.Dwarf Spheroidals
< 01000} = = Ayears™ o C ical
z Y v > / et anonicCal-o
Z. [ . . “o‘
= » = - .t‘
% 0.0100 el ot /
E 10 = : LA
0.0010 P ees*" 0 years, 35 Dwart
e yearm S T CTA GC Halo (500 hours)
00001 10’27/ 1 1 L1l L I Lol 1 1 T N N A
0.001 0.010 0.100 1.000 10 102 10° 10°
x=E/m, M, [GeV]
Gamma rays from Annihilation produce the bump around 1/10 — CTA gives the stringent upper limit.

1/20 M x = 20GeV-1TeV domain Stefan Funk 2015



—— Multi-messenger and
Cta w"" Multi-wavelength Astrophysics

ASTRO-PARTICLE PHYSICS
Cosmic Ray Physics

Wave

Astrophysics Particle Physics

High Energy Astrophysics

IceCube Array
86 strings including 8 DeepCore strings
5160 optical sensors

Amanda Il Array
(precursor to IceCube)

DeepCore
8 stnngs-sracmg optimized for lower energies
Qoptical sensors

gy

lectrons

ASTRO-PHYSICS

Gamma Ray Bursts, Black holes,
Neutron Stars, Space and Time

PARTICLE PENSICS

Dark Matter, Neutrino
Energy Frontier
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