Nase aktivity (FZU+MFF) na
observatori Pierra Augera a v jinych
projektech astrocasticové fyziky

Praha: P. T, J.R.,M.P,, M.B., J.G.,D.N.,J.E.,J.V,,
J.Ch.,P.K.,P.M.,,M.J.,M.M.,,

L.T.,E.R.,J.B., M.S.,V.N,, ...

Olomouc: M.H., P.S., M.P,, L.N., D.M., M.P,, P.H., S.R. +
studenti



Obsah

e Observator Pierra Augerra
— aktivity v hlavnim programu observatore
— testy novych detekcnich technik: MIDAS, AMY

— budouci upgrady: MARTA, nové FD, novée
fotodetektory, ...

— budouci observator: ucast na AUGER-NEXT
e QOstatni projekty

— Cherenkov Teleskope Array (CTA)
— Large Synoptic Survey Telescope (LSST)



Observator Pierra Augera
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Observator Pierra Augera — pricip
detekce




Observator Pierra Augera — nase
soucasna ucast v hlavnim programu

observatore

* Provoz fluorescencnich teleskopu

— Smeny a organizace nabirani dat (vsichni, san Ridky, Radomir
Smida)

— Vyvoj a instalace zarizeni usnadnujicich provoz (pusan
Mandat, Miroslav Pech, Petr Necesal)

— Udriba fluor. teleskopﬁ (Petr Schovdnek a celd Olomouc)
e Kalibrace fluorescencnich teleskopu
— Kalibracéni systém (Martina Bohdcovd, Lenka Tomdnkova)

— Optické vlastnosti komponent teleskopu (vsichni v
Olomouci)

 Monitoring stavu atmosféry
— FRAM (Michael Prouza, Jan Ebr, Petr Kubdnek)
— Satelity



Observator Pierra Augera — nase
soucasna ucast v hlavnim programu
observatore

Studium fluorescencniho zisku (martina Bondcova)
Test novych detekcnich technik: MIDAS, AMY

Budouci upgrady : MARTA, nové FD (FAST), nové
fotodetekto Iy, AUGER-NEXT... (Jakub Vicha, Martina Bohd&ovd, Olomouc)

Rozsahlé vypocty na gridu ui chudoba)

Slozeni kosmického zareni (7, sakub vicha)
Hadronické interakce yan ebr, jan Ridky)
Studium anizotropii smeérU priletU (paiibor Nosek, T, jakub Vicha)



Vyvoj a instalace zarizeni usnadnujicich
provoz

FD monitoring a systém ALARMU
- v€as upozornit obsluhu na nenadalou udalost

27 FD telescopes




Vyvoj a instalace zarizeni usnadnujicich
provoz

pred ALARMem

FD: FDRainAlarm




Vyvoj a instalace zarizeni usnadnujicich
provoz
BGcam

System urceny pro monitorovani
svetelneho pozadi v zornem poli FD
teleskopu. Objektiv
Prevence pred poskozenim —
fotonasobica FD, nezavisly system.
CCD kamera se sirokouhlym
objektivem a riditelnou zavarkou.

Kamera Elektronika

Hasmimani obrazu oblohy + temny snimek.
Pomoci kalibrace se snimek prevede do
azimutalnich souradnic.

Vypocte se prumerna hodnota svetelneho
pozadi v zornych polich jednotlivych
fotonasobicu.

L o FET Tl P PR




Vyvoj a instalace zarizeni usnadnujicich
provoz
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Kalibrace detektoru — dlouhodoby
VYVOj

Jeden priklad z mnoha:
| CO1 Cal C/A Top vs. bottom |
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FRAM

-Soucasti sité robotickych dalekohledd GLORIA
pro detekci optickych protéjski GRB

-RTS2 od Petra Kubanka na desitkach robotickych
teleskopu po celém svété

- monitoring atmosféry pro PAO jako hlavni napln

Rapid monitoring observations
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June 18, 2012 FRAM status



FRAM

Rapid monitoring observations
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The extinction profile for the images from the previous slide clearly
shows the prominent drop due to the presence of clouds.
All investigated potential double-bump showers were unfortunately
false double-bump originated due to cloud.

June 18, 2012 FRAM status




Studium fluorescencniho zisku

Méreni ve FRASCATI, Argonne a FNAL Kakimoto et al. 5
- zavislost na tlaku, teploté, vlihkosti
—_— Magano et al. [B]
- spektrum
- pfesné zméreni absolutniho zisku — FLASH Coll. [7]
(arXiv:1210.6734), ApP 42 (2013) 90-102 . AIRFLY Coll.
this measurement
. SE— MACFLY Coill. [8]
—— Lefewvre et al. [9]
M 1 - o Waldenmaier et al. [10]
2
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Fig. 1. The AIRFLY experimental setup: 1) stainless steel chamber; 2) integrating - & Ef %J %% A g i
sphere; 3) top port; 4) plug of exit port; 5) 337 nm interference filter; 6) acceptance 0 :._,_J'TTJ L—|—~f’ IT—"-/J l -*—*"J —J "JIL"'— -——1-/{:

apertures; 7)
10) Cherenkov counter, with acrylic rod and photomultiplier; 11)

PMT; £) extension for beam particle path; 9) scintillator disk counter;
veto counters.



http://arxiv.org/abs/arXiv:1210.6734�

Studium fluorescencniho zisku — vliv
na energetickou skalu

Systematic uncertainties

ICRC 2011 New energy scale
correlated uncorrelated
Absolute fluorescence yield 14% N -
Fluorescence spectrum N\\NP‘R
REW B
Pressure dependence % OR P\)
Temperature dependence NOT ¥ AN I\
o : ga\
Humidity dependence O\O\I\O‘JS
Absolute FD calibration 9%
Nightly relative calibration
Optical efficiency 3.0%
Sub total (FD calibration) 9.5%
Aerosol optical depth 3.5%=7.5% 1%+4%
Aerosol phase function 1%
Wavelenght dependence of aerosol scattering 0.5%
Horizontal uniformity 1% 1%
Atmosphere variability 1% 1%
Subtotal atmosphere 4.2%+7.8%
Statistical error of the profile fit 4%+8%
Error on shower geometry 1.5%
Shower width 10%
Invisible energy 4% 2%+5%




MIlcrowave Detection of Air Shower - MIDAS

— Experiment plvodné v Chicagu
— Presun do Argentiny

— Instalace v druhé pulce roku 2012,ﬁ,;,; _
NN

LOFAR-type radio array

Ground array

Particle shower impact with ground:
— Direct Detection of shower "slice’ by ground array
— Indirect detection of integrated profile via beamed radio synchrotron
Developing air shower:
— Indirect detection of profile of ionization density by:
a) Nitrogen fluorescence (optical)
b) Thermal Molecular bremsstrahlung (microwave)

Fluorescence
telescope array

/}.Q‘Eéh:u

Fluorescence AMBER array
telescope array
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Air Microwave Yield - AMY

Podobné jako u fluorescenéniho zisku (AIRFLY) zmérit v laboratofi velikost zisku
FRASCATI

ANECHOIC FARADAY CHAMBER

5 antenna positions:

RF adsarber
! i 2 at the corners (A, B)
30 cm AFP12
IGH= 30 4B 2 on the sides (C, D)
§GH= 3048

1 on the top (T)

Measured shielding for outside radiation above 4 GHz 15 better than 85 dB.
It reduces down to 40 dB at 1 GHz.



Fotodektory aj.

Pripravujeme laborator na testovani experimentalniho zarizeni
a komponent pro potreby astocasticové fyziky (testovani
fotodetektorl pro upgrade observatore a observatore pristi

generace, ...)




Rozsahlé vypocty na gridu

e “Virtualni organizace” Auger: spravovana v Praze, po LHC
nejvetsi uzivatel GRIDU,
VO manager J.Ch. ¢lenem EGI Comunity Board

Vyuziti gridu v astrocasticové fyzice



Slozeni kosmického zareni
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Slozeni kosmického zareni
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Odstranéni zavislosti korekce o
chybéjici energii na slozeni kosmického
zareni

1480 ] i W
% IJJE Hadronio Model & Primary Mass Puvodni ﬂ"l"_|"5|Eﬂ|iE
i = —
u..; 80— — GGSFET-I Proton .&'f;? ; = | LD neses, protons
N neaems, iren nucksE
§ 0 U ooseraiwen P-ﬂ &, e[ O et protens LA ~
o = “‘l" LS I :
E af / 2 qp01, iran nuc bei ?
.L'": - - E L | 7 skl predons = gk, .
B — wikrgll, ren resclsi R w
nE % . et E 18 EpOs, probons ' et .
Y008 -00E -0l pugz 7] oo2 404 008 Q.08 = @pOs, iron nucki . .
{E oy AST000, DNINE, =] N noll, prossns 3 " .

% 10s Models E i7 _— ggll, men nuche
g 'DE Frodon QGESJET- B
._.; E-_E-E Ion GOSJET-E 18-
Ig_f i F [Myklicek & Travnicek
2 151 F'rn::ce-e-:llnc_s of 31st ICRC, paperﬂzm Lodz, 2010]
3 & ] ] PO IR T A A A A A A A AN A A A i s g gl il

e [leeesesiceand T

"BE 1 15 2 25 3 as lo

Log,{5(1000),0X) ‘Q.m[ ES 1Gw}

EFD — Ly + £

ss



Slozeni kosmického zareni eraze

= [Vicha et al., GAP-2011-042] - pQGSJETH B | [Vicha et al, GAP-2011-042] « pOGSJET I
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Slozeni kosmického zareni eraze

Snaha o navyseni statistiky v FD a zapocitani hlife zrekonstruovanych eventu

Priklad pouziti SD osy v FD
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Slozeni kosmického zareni eraze
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FD Array of Single pixel Telescopes

FAST poDiLIME SE NA OPTICKEM RESENI
@ © © %)

PIERRE 3 1/, Tt Ea: Pampa L5
AUGER T Sy E’ggﬁn s o .. Extending the FD array to gain a factor 2- 3

. on the aperture is feasible (I.
socwwms Allekote)

140 [comuEcalg
antada CoihueclddRTS - Is . - .
/ = vine 12 stations with a total of 114 single
oA : S pixel telescopes covering the Auger site

0° to 60%in elevation

0o Ca. T
i -
AGUA DE CAMPO™~

A ~ Use the time profile measure by the pixel,
# "< with geometry from SD (or from multiple
+=  FAST stations)

El Salitral-Pto.

Z 350 F L 12 PMTs/ 360° station

2 300 E [ aerosol Cherenkov

e E 3 [ direct Cherenkov

% 250 B I = Rayleigh Cherenkov

S E O multiple scattered 20 km

2 200

Q. C . .

= 150 O P. Privitera
2 E

T 100 [

% 50 £ Presented at Auger Collaboration meetings and at the CERN Symposium as a
= 0 E 7 low cost approach fora >40000 km? FD Array

250 300 350 400 450

time slots [100 ns] Palatka 19.12 2012
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Hadronické interakce
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Hadronické interakce

 PoCet mionu, mezi simulacemi a daty nesedi

= e ) - e T L T TR TEITI PR
= 2 — —— Universality, EPOS 1.89
- > 4 — —@— Universaliy, QGSJET Il
- [ —ik— Smoothing
o o [ Multivariate counter
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Measurements of the muon shower content at the Pierre Auger Observatory
Alexey Yushkov for the Pierre Auger Collaboration Proceedings for the UHECR 2012 Symposium



Hadronickeé interakce vrraze
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Anizotropie

Eventy nad 55 EeV, uhlova vzdalenost od CenA



Anizotropie

Eventy nad 55 EeV, uhlova vzdalenost od CenA
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Cherenkov Telescope Array - CTA

. Gamma- DeTecTion O‘F
Galactic Gamma-Ray Sources ray high-energy
Supernova Remnants gamma rays

. Particle
Pulsar Wind Nebulae shower

Pulsar Physics

Star-Formation Regions

The Galactic Centre

X-Ray Binaries & Microquasars

Extragalactic Gamma-Ray Sources
Active Galactic Nuclei
Extragalactic Background Light
Gamma-Ray Bursts

Galaxy Clusters

Fundamental Physics
Dark Matter
Quantum Gravity
Charged Cosmic Rays




CTA motivace
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CTA motivace

PWiha
SMRs
Lhnicentifbed
Binaties
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CTA motivace
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CTA motivace - Kifune plot
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Nové objevy — prekonat citlivost stavajicich zarizeni o rad v Sirokém intervalu energii
Jak toho dosdhnout? Obrovska plocha a rlizné typy teleskopt tj. CTA !



CTA

3 typy teleskopu pro pokryti Sirokého spektra energii
LST (ca 4 ks), MST (ca 20ks), SST (ca 50ks)

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017

Prototyping
Site development

>
L Science I



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, with 8 degFoV 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.



Differential sensitivity (C.U.)

CTA - citlivost
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CTA

) Croat

Rudjer Boskovic
Institute

L:? Croatia  University of Rijeka

> 1000 authors

178 institutes

CR: 7
Charles University (od pocatku),
Institute of Physics (od prosince 2011)37

Finland
£} Firland

Lj? Finland

L:? Finland

Aalto University

University of Helsinki

University of Qulu

University of
Turky/Tuorla

Rudjer Boskovic
Insttute

Universty of Rijeka,
Physics Department

Aalto University

University of Helsinki

University of Qulu

Tuorla Observatory,
Universtty of Turku

http://

http://

https//

Www.irb.he/

www,phy.uniri.fr

Wy 'r\'.aah:c .fig'lE["lj'l

0/ [ helsinkfi

www.oulu.fi/english)

www.physics.utu.fi/en/

Bijenicka 54, 10 000
Zagreh, Croatia

Trq brace Mezuranica
10, 51000 Rijeke,
Croatia

Otakaari 1, 00076
Aalto, Finland

Jyrangdntie 2, 00014,
Helsinki, Finland

Pentti Katteran Katu
1, 90570 Oul,
Finland

FI-21500 Pikkd,
Finland



CTA — nase uUcCast

e SITE selection

— Satelite images

— Cloud and bacground light cameras
e Mirror group

— Mirror and sample testing

— Mirror production?



CTA — SITE selection — nasSe ucast

Kandidatska mista



CTA — SITE selection — nase ucast

Analyza satelitnich snimkt (Michael Prouza)
za UCelem studia pozorovacich podminek

a odhadu mnozstvi pozorovaciho ¢asu
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CTA — SITE selection — nasSe ucast

Olomouckeé ,,cloud and background light“ kamery — Dusan Mandat, Miroslav Pech,
Michael Prouza, Jan Ebr

| CTA
Tenerife
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CTA — mirror group — nase ucast

Promérovani prototypl a vzorkd v Olomouci — Dusan Manddt, Miroslav Pech,
Petr Schovdnek, Petr Travnicek
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Large Synoptic Survey Telescope — LSST

* Nejvétsi prehlidkovy dalekohled svéta (dokonceni ca 2019)
(http://www.Isst.org)

e FZU loni pfijat jako jedna ze dvou neamerickych instituci
(Michael Prouza, Petr Kubdanek)

Science case:

e G@Galactic Structure

e Solar system (moving objects)

e Dark energy, Dark matter (distinguish between cosmological

models) Cerro Pachon — Future site of the LSST

LSST Rendering
on El Pefdn

ridge — view.f
northwest



http://www.lsst.org/�

LSST to address cosmology

 Weak and strong gravitational lensing

 Dark matter tomography as a function of
redshift (evolution)

.
CLUSTEROF
. GALAXIES

GRAVITATIONAL
LENSING:
& S - 1 Light
1 A Bistant Source bonFoy
Light leaves a yaung, & u gravity
star-ferming blue galaxy near X
the edge of the visible universe.

2 A Lens

Of ‘Dark Matter’
Some of the light
passes through a large
cluster of galaxies and sur-
rounding dark matter, diractly in the
ling of sight between Earth and the
distant galazy, The dark mattar's gravity
acts like a lens, bending the incoming light

3 Focal Point;
Earth

Lusen

Most of this light is
scattered, but some is
focused and dirscted toward
Earth. Observers see multiple,
distorted images of the background
gallaxy,

Tomy Tysun, Greg Kochanski and
Tan DelAnionii-

Frank 0'Connell ard Jim Mebanus!

The New Yark Times

PATH OF LIGHT
AROUND
DARK MATTER

DISTANT
UNIVERSE



LSST - optics

9 deg”"2 FOV
M1, M3 — monolithic 8m, 5m
M2 - 3.4m (largest concave mirror ever)
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LSST — camera, data managem

~200 16MPix segments
with individual readout

~20 TB per night,

LSST
Headquarters Site
System Operations Center

Location TED

~60 PB for the raw data
in 10 years

~15 PB for the catalog
database

\

|

CORNER AREA WAVEFRONT
SENSING & GUIDING

3.5 DEG FOV

Site Roles and their Functions

- Base Facility
Real-time Processing and Alert Generation,
Long-term storage (copy 1)

« Archive Center
Nightly Reprocessing, Data Release
Processing, Long-term Storage (copy 2)

« Data Access Centers (DACs)
Data Access and User Services

« System Operations Center (SOC)
System Supervisory Monitoring Control
& End User Support/Help Desk

* Co-located DAC: shares
infrastructure with Archive Center

** Co-located DAC: shares
infrastructure with Base Facility

ent
~

Archive Site

Archive Center
Data Access Centers®

Base Site
Base Facility
Data Access Centers**

LSST SITE

Cerro Pachon




LSST — FZU se podili na testovani CCD
senzoru pro kameru

RTS2 by Petr Kubanek ovlada testovaci setup, (controller, sbér dat, pohyb na
optické lavici, apod.), Brookhaven

Ve FZU komponenty na sestaveni ,kontroleru” ,devarka” — pfiprava na testovani
také primo u nas

Testovani CCD v BNL




Prednasky LSST

e 4-6.2.2013 zastupce reditele LSST a séf
,kamera teamu”“ Steven Kahn v Praze,
prednasky o LSST

e 4.2, prednaska na Narodni od 17 hod
e 6.2. seminaf AU MFF , od 10 hod



Shrnuti

 Observator Pierra Augerra jako nase hlavni
napln
— velmi aktivni ucast na jednom z nejvétsich
béZicich projektu astrocasticové fyziky

 Na palubé budoucich observatori
— CTA, LSST, AUGER-NEXT
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