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Topics/Projects

High-energy gamma rays
— Past projects: CAT, CELESTE
— H.E.S.S.
— Future: Cherenkov Telescope Array

Ultra-high energy cosmic rays
— Running project: Pierre Auger Observatory

National cosmic ray detection network
— CZELTA

Nuclear Astrophysics — talk of . Mrazek

Picasso experiment — direct dark matter searches

LSST- testing of sensors, dark energy collaboration

(~ 16 people, 2 phd
students)

(~ 30 people, 4 phd
students, > 5 master
students)

(~ 10 people + many
high-school students)

(3 people,
1 student)



CAT, CELESTE

* past projects 1996 — 2004
* Charles University, Institute of Physics ASCR and Palacky University
* Activities

» Physics Analysis

» Detector operation

» Mirror design and production




 Charles University — Ladislav Rob and Dalibor Nedbal
* Activities:
» optical system (mirrors from CR - H.E.S.S. |)
» data analysis
O Galactic centre and dark matter
O Extragalactic sources: starburst galaxies, galaxy
clusters



Cherenkov Telescope Array - CTA

Future gamma ray observatory - almost construction ready
ESFRI prioritized project

Natural continuation of our past activities (also w.r.t. Pierre Auger Observatory)

Current national partners:
Charles University, Palacky University and Institute of Physics ASCR

Finance resources:

- Current financing scheme:
EUPRO 2013-2016 and INGO
2014-2016 projects of
Ministry of Education (MEYS)

- Future scheme: Large
Research Infrastructures
(MEYS)




Number of sources

Why Cherenkov Telescope Array?
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Telescopes - CTA

Large Size Telescope - 23 m diameter, with 4.5
deg FoV and 2500 pixels of 0.1 deg diameter

Medium Size Telescope - 12 m diameter, with 8
deg FoV and 1500 pixels of 0.18 deg

Small Size Telescope - 4-7 m diameter, with 8-10
deg FoV and 1500-2000 pixels of 0.2-0.3 deg

Figure 5: Two possible designs for the 88T's of 4-7 m diameter, with 810° FoV and 1500-2000 pixels of
0.2-0.3%. Left: Schwarzschild-Couder dual-mirror optics. Right: Traditional Davies-Cotton design.



CTA — current Czech participation
Site selectlon/character/zat/on
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Long time characterization from satellite images (collaboration
with Czech Hydro-meteorological institute
and Deutscher Wetterdienst)




CTA — current Czech participation

Mirror devlo

Extensive testing of mirror samples and segments
for many CTA partners (tests on reflectivity,
surface roughness, durability tests, scratch tests ...)

pment and testing

Technology development for production
of SST-DC mirror segments

Benefit from experience from CAT,
CELESTE and AUGER projects

Average encircled energy curve @ 325nm (samples 001-010)
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CTA — current and future
Czech participation

e SST-DC telescope (mirror segments)

e Common Test Facilities and Com

e  Mirror Test Facilities (MTF)

e Camera Test Facilities (CTF)

e Central Calibration Facilities (CCF)

e Common Camera Components (CCC)
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Pierre Auger Observatory

AMARILLA (mirrors from
HEAT (mirrors from CR) CR)
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Pierre Auger Observatory -

activities of Czech teams

e HardWare (HW)

e Detector Operation, performance studies & data quality (DO),

* Physics Analysis (PA)

* Investigations of new detection techniques (AMY, MIDAS)

optical system design for HW
fluorescence telescopes

(spot analysis, corrector rings, ... )

actual design and production of 15 out
of 27 telescope mirrors

Segmented mirrors (telescope 3.4 x
3.4 m), reflectivity above 90 %

between 300-400 nm, small spot size
Experience already from CAT-CELESTE

¥ -
J.r' _

One segmented mirror at Coihueco

ENTF



Pierre Auger Observatory HW

- collaboration with glass works Kavalir in Sazava
- production of circular moulded glass segments
controlled by our opticians

Glass furnace and glass press in e
Kavalir Sazava

- preparation of mirror segments in Olomouc
lab (cutting, drilling, milling, grinding, | =

polishing, ...) "
%*@9

Polishing machine in Olomouc lab




Pierre Auger Observatory HW
—

,l

Ronchi test to
control shape of

Aparature to deposite relflective andf® segment surface

protective layers (Olomouc lab)

- preparation of mirror segments in Olomouc lab:
deposition of optical thin films, protective silicon
oxide layer to cover deposited aluminum
reflective layer



Laboratory equipment (other examples)

CASI — complete angle

scatterometer instrument

Confocal Laser Scanning Microscope LEXT

HW

UV-VIS spektrometer P&E Lambda 850

Profilometer T&H




Pierre Auger Observatory bO

e J.Ridky served as task leader for Fluorescence Detector (FD)
operation for many years, supported by the whole Czech team

e detector performance studies

e FD on-line monitoring, dead time calculation, calibration,
accuracy of geometrical reconstruction, PMT ageing ...

Nuclear Instruments and Methods in Physics Research A 620 (2010) 227-251

Contents lists available at ScienceDirect
Nuclear Instruments and Methods in
AN Physics Research A
ELSEVIER journal www.alsavier. fnima

Tl

The fluorescence detector of the Pierre Auger Observatory

J. Abraham®, P. Abreu™, M. Aglietta™, C. Aguirre®, EJ. Ahn®, D, Allard*®, 1. Allekotte®, . Allen®?,

P. Allison <, ). Alvarez-Muiiiz ®, M. Ambrosio™, L. AnchordoquiP, S. Andringa ™, A. Anzalone %,

C. Aramo™, E. Arganda®, S. Argiro ™, K. Arisaka ©, F. Arneodo ®, F. Arqueros ™, T. Asch®, H. Asorey?,
P. Assis, J. Aublin®®, M. Ave 9, G. Avila', A. Bacher ™, T. Bicker®™, D. Badagnani ¢, K.B. Barber,

AF. Barbosa™, HJ.M. Barbosa®, N, Barenthien®, $.L.C. Barroso *, B. Baughman ', P, Bauleo™, ].|. Beatty ',
T. Beau®®, B.R. Becker ™™, K.H. Becker®&, A. Bellétoile *, |.A. Bellido<%, S. BenZvi®, C. Berat ™,

P. Bernardini ®, X, Bertou?, P.L. Biermann®, P. Billoir®4, 0, Blanch-Bigas®?, F. Blanco ", C. Bleve 29,

H. Bliimer *", M. Bohd€ova ™, E. Bollmann ", H. Bolz®", C. Bonifazi *%, R. Bonino ™, N. Borodai®,

F. Bracci®, |. Brack™, P. Brogueira™, W.C. Brown ", R. Bruijn™, P. Buchholz®™, A, Bueno®,

R.E. Burton ™, N.C. Busca®”, K.S. Caballero-Mora ™, D. Camin ", L. Caramete ¥, R, Caruso™,

W. Carvalho, A, Castellina®, ]. Castro®®, 0. Catalano™*, L. Cazon®, R. Cester®", J. Chauvin,

A. Chiavassa™, |.A. Chinellato 9, A. Chou >, |. Chudoba?, J. Chye *, P.D.J. Clark®™, R.W. Clay’,

E. Colombo®, R. Conceigao®™, B, Connolly ", F. Contreras™, |. Coppens ®™" A Cordern®, A. Cordier®,
U. Cotti ™, S, Coutu®®, C.E. Covault ™, A. Creusot ™, A. Criss %, J.W. Cronin®, ]. Cuautle ™, A. Curutiu ™,
€ Nagoret-Camnaone® R Nallier F Nauda® K Daumillerd® B R Nawcand R A da Almeida 9

Control room ; - Publication about detector system




PA
Pierre Auger Observatory

MC simulations of shower
propagation in the atmosphere
using GRID (loP maitains virtuals
organiation AUGER and was the
first proponent of grid system
within the AUGER collaboration)

Comparison of models of hadron-
hadron interactions with data
from Pierre Auger Observatory
and chemical composition

Systematics of energy calibration Comt Golias
at AUGER, accuracy of CIC curve

FRAM telescope to
monitor atmospheric
extinction
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energy spectrum -
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Atmospheric quality and its
impact to shower reconstruction g
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Pierre Auger Observatory

Participation in observatory upgrade:

» MC studies ~ 050—
» FD operation upgrade .
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AUGER -
Resources COLLABORATION _

GAAV A1 010 928/1999 1999-2002 ! INTHECZECH REPUBLIC &
MEYS LA138 2001-2006

MEYS LA08016 2008-2012 (IoP, CU)
2011-2012 LG11044 (PU)

MEYS LG13007 (loP, CU, PU) 2013-2015

2004

AUGER upgrade
2016-2023

Promising status of application - MEYS program of
large infrastructures (2016-2022)




CZELTA - czech Large-area Time coincidence Array

* Project of two Czech institutions:
v’ Czech Technical University in Prague — Institute of Experimental and Applied Physics
v" Silesian University in Opava — Faculty of Philosophy and Science

* The hardware and the detection station design is the same as is used in the ALTA
network (University of Alberta, Canada).

* The sparse network for the detection of high energy cosmic rays (>10'* eV) - the
global network of detection stations on the Earth = huge ,telescope” for the
detection of cosmic rays showers.

 Individual showers hitting simultaneously different stations can be

studied (e.g. Gerasimova-Zatsepin effect).

e Stations are installed at roofs of high schools, students participate in
data analysis -> strong educational impact.

Individual Individual |ndividual
; station ; .
station station Individual

station




b

Scheme of the scintillating detector

e 3 scintillators (60 x 60 x 1.5 cm) with photomultipliers
in a triangle with a site ~10 m, work in a coincidence =>
detection of showers with the energy > 10'* eV.

e GPS for precise time-labeling of detected showers
(precision ~16 ns) => it is possible to study space and

time coincidence of the detected showers.
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France

King's College,
London

Bukurest,
Roumania

Antarctica



Summary

Long history of astroparticle and cosmic ray physics in the Czech
Republic

Current participation in 2 large international projects: AUGER and
CTA — three institutions involved directly, other three universities
active via students

Project CZELTA (Institute of Experimental and Applied Physics,
Czech Technical University in Prague) with strong educational
impact

Significant activities in nuclear astrophysics (talk by J. Mrazek)

Other interesting projects with Czech participation - Picasso, LSST



Backup slides



AIRFLY (measurement of fluorescence
yield)

Pressure dependence

Spectrum

Absolute yield
 Temperature dependence for the first time (Czech chamber)
e Measurements in FRASCATI (IT) and ARGONNE (USA)

4‘ Fluorescence spectrum - artificial air L

:

Pressure dependence:
AIRFLY | keay ey

- 480 hPa
— 180 hPa
60 kPa
—— 15 kPa
8 hPa

-

:

n
| | l

%’

|
| 1
| |
\:ﬂ | ""ﬁ l F j i
ww i) 1 bl mmﬂ‘lb deu‘ﬂ )'Mw 1 .am‘; ¢u.mlﬂri_

?r oA I Nepmr T |1y mf YT Yy R T R

Jluorescence intensity [arbitrary ugnits]
=)
o g

280 300 320 340 360 380 400 420 440
wavelength [nin]

Chamber to study temperaure Fluorescence spectrum at different air
dependence of fluorecsence yield pressures



Cherenkov Telescope Array - CTA

Galactic Gamma-Ray Sources
Supernova Remnants

Pulsar Wind Nebulae

Pulsar Physics

Star-Formation Regions

The Galactic Centre Gamme Betection of
X-Ray Binaries & Microquasars e

high-energy
gamma rays

Particle
using Cherenkov

Extragalactic Gamma-Ray Sources 3 I telescopes
Active Galactic Nuclei
Extragalactic Background Light
Gamma-Ray Bursts

Galaxy Clusters

Fundamental Physics
Dark Matter
Quantum Gravity
Charged Cosmic Rays




Microwave detection of cosmic rays

MIDAS: Microwave Detection of Air Showers
Alternative detection technique to
fluorescence telescopes

- larger duty cycle

Prototype was built in Chicago

AMY: Air Microwave Yield
Characterize the microwave emission from air
shower plasmas

(1-25 GHz)

Beam test facility in Frascati, Italy
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LSST (Large Synoptic Survey
Telescope)

* Project of the largest survey telescope;
first light in 2017

e Recommended as the best ground
project in U.S. Decadal Survey Astro
2010

e FZU team involved since 2007 in LSST
Camera Team

e FZU produced software for CCD
characterization and testing

e Starting 2011 our team will operate
new lab at FZU for special tests of
CCDs and other photodetectors
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