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Atmospheric Cherenkov Telescopes
d Cherenkov light-pool ~ 120 m

J Image the shower on a fast
camera (AT ~ 2 ns)

d Large effective area ~105 m?2

even with modest reflector

Y

Electromagnetic Cosmic ray
shower

JKey parameter : speed (< 10 ns)

dImage shape used in
discrimination
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Stereoscopy

o T
—

Superimposed images of 3
telescopes

[ Stereoscopic observation of the same showers allow a much easier, almost
geometric reconstruction



The TeV sk

(c) F. Acero & H. Ge¢



VHE vy-ray world
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Particle acceleration to very high energies
is ublqultous throughout the Universe
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Toward a more powerful observatory:

Cherenkov Tel@Scope
. Array (CLAY)
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Requirements & drivers

10 x Sensitivity

Good energy and collection area Large field of view of &°
resolution of ~10% (nearly every topic) (surveys, extended
(lines, cutofts) sources, flares)

Rapid slewing Improved angular
(20 s) resolution of few
to catch flares (source
morphology)
Energy coverage t Energy coverage
down to 20 GeV &nkwgw - up to 300 TeV
(AGN, cosmology) (Pevatrons)



From current arrays to CTA

light pool radius
- R=100-150 m
O ~ typical telescope spacing

Sweet spot for
best triggering
and reconstruction:

large detection area
more 1mages per shower
lower trigger threshold




Scrence optlrnrzatron urfder budget constramts

Low - energy y hrgh ff—ray rate low hght y1eld |
- e -) req‘_' re srnall ground area large rnrrror area

- ____High—energy Y- low ,,,-,[.f’ate h1gh l1ght y1eld G
RS -) requ1re large ground area 1all mirror area
| ~km? array of Q. |
few large telescopes medium-sized
for lowest energies telescopes

\ - 4LSTs / - large 7 km*array of
BTN Lo T - . small telescopes,




Sensitivity (in units of Crab flux)

for detection in each 0.2-decade energy band

Array | 50 hours
5 sigma

_ background and

- systematics limited
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differential flux sensitivity
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CTA Reach




Deep TeV Vision

HESS - Real Exposure

CTA - Flat Exposure _ _
Digel, Funk, Hinton
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O s ~ CTA scheduling

GeV observations
using SSTs | using LSTs

Monitoring |
4 telescopes O
: : PeV Deep Field
A

TeV
survey

using
MSTs O ; SA
Monitoring

Large zenith - angle 1 telescope
observations from

o bR *other hemisphere
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" CTA North and South through single portal, AO, identical tools

" Queue mode scheduler taking into account actual sky conditions, sub-
arrays & conditions requested in proposal, priorities, TOOs
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29 countries, > 170 institutes, >1200 people'

-

+ Chile & Ukraina = 31 countries at 6 continents



Prototyping

MST in Zeuten

ZAs Wi
o\ Dummy-Cam

construite au LLR




23 m diameter

389 m? dish area
28 m focal length
1.5 m mirror facets

4.5° field of view
0.1° pixels
Camera @ over 2 m

Carbon-fibre structure
for 20 s positioning

Active mirror control

4 L.STs on South site
4 LLSTs on North site
Prototype = 1 telescope



Medium-Sized 12 m Telescope

optimized for the 100 GeV to ~10 TeV range

16 m focal length
1.2 m mirror facets

8° field of view
~2000 x 0.18° pixels

25 MISTs on South site
15 MSTs on North site

Berlin - Zeuten
MST prototype
operational



photomultiplier cameras for MST

Recording signal waveform for “interesting” (triggered) images

Options:

" NectarCam (Pixel cluster prototypes operational)
" DragonCam (Pixel cluster prototypes operational)

" Flashcam (144 pixel prototype operational)
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Interesting new developments:
Dual-mirror telescopes

" Reduced plate scale
" Reduced psf
" Uniform psf across f.o.v.
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9.7 m primary

5.4 m secondary

5.6 m focal length, f/0.58

40 m? eff. coll. area

PSF better than 4.5’
across 8¢ fov

8e field of view
11328 x 0.07° SiPMT pixels
Target readout ASIC

Extend South array
by adding 24 SCTs

=¥ increased y-ray collection area
=> improved y-ray angular resolution



Small telescopes

Several options under prototyping
telescope with Silicon camera (prototype under constr.)

telescopes
ASTRI telescope structure (prototype under constr.)
GATE telescope structure (prototype under constr.)
with camera options
ASTRI (Silicon, S&H ASIC) (prototype under constr.)
CHEC (Silicon or MAPMT, Pipeline ASIC) (prototype under constr.)



SST-1M structure prototype opening
INP, Cracow (June 2nd, 2014)

12 m? dish area
5.6 m focal length
0.8 m mirror facets

9° field of view 5 1
~1300 x 0.25° pixels idw

. ! 4 It
B, o AD T
T # :




Single-mirror prototype

Silicon PMT camera with digital electronics




Double mirror Schwartshild Couder telescope
SST-2M (Sept.2014)
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- Mirror M2 - . Mirror M1

dertiead / - | Panels machined
published week 26

Delivery expected at the end of
of 2014 Y o

July after polishing and coating

Industrialization &
tools due at the end of

July 2014, < ' iy - e Support M1

Realization due for # £ : Structure studied,
October 2014 ; Actuators on progress

Delivery expected for October

CHEC

Cameéra fournie par I’équipe » & i
care 70 Q. Dish M1

Interfaces (mechanics, electronics, AN : I_ - " . Call of tender with
power, cooling) studied & o i 2 : MTS

MTS o

(bottom dish, tubes, top dish)

Call of tender expected
during July 2014

Need of adjustment after
final FEA simulations
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Peak number of CPU cores needs (2013 CPU performances)

W Data reprocessing
peak number

B Data reduction peak
number

Monte-Carlo peak
number




PByte

200
180
160
140
120
100
80
60
40

20

0

storage capacity

A AN A M X 5 o AN D O N AN
VUV VY D DD

“ Minimum

B Intermediate



time line
CTA Observatory

, . Start deployment
Site decision

Formal
approval

Design Phase Preparatory Phase / Negotiatio g ; Completion of
p : with host coumbwics,
re-Construction IKC t deployment,
l‘ () AT A » <.q .
Phase M ASTEEmEnts operation

site development,
deplovment of first
telescopes



of a distant "

RS

]
can be studied
in detail




For the first time in this field:
Open access

Scientific community

Observer

Proposal

'dila PIuvuiuULwLs

Virtual Observatory

CTA observatory

Science Operation
Centre
Evaluation + selection,
preparation

Scheduling

Array Operation Centre

Science Data

Centre
Data dissemination

and reduction

GEANT
CLEE

Execution nabling CGrids
for E-scienc




\eries

Astronomy ESFRI & Research Infrastructure Cluster

WP2: Dissemination, Engagement and Citizen Science (DECS)

WP3: OBELICS (OBservatory E-environments LInked by common ChallengeS)
WP4: DADI (Data Access, Discovery and Interoperability)

WP5: CLEOPATRA: Connecting Locations of ESFRI Observatories and Partners

in Astronomy for Timing and Real-time Alerts

CTA: ~32%, ~5 M€




H2020 INFRADEV-3 APPLICATION

Addressing bottlenecks identified by ESFRI

“Site preparation/site infrastructure to address the specific challenge of characterising and surveying
remote sites in the southern hemisphere, designing and implementing site infrastructure, defining
appropriate long term agreements with host country, and preparing for construction to begin.”

Application submitted by CTAO GmbH
WPs

WP1: Management

WP2: Infrastructure design and planning
WP3: Infrastructure deployment (no bricks!)
WP4: Legal agreements

WP5: Infrastructure for outreach and host country relations



H2020 INFRADEV-3 APPLICATION

Favorably reviewed, score 13.5 or 15 (passing
score 10)

Currently preparing grant agreement
30 months, aim to start July 1




cta

cherenkov telescope array

111 intitutions
= 70 people
3 MEuro till now

5 + 2 universities:
Jagiellonian University
Warsaw

AGH

Lodz

N. Copernicus University
Zielona Goéra

Biatystok (?)

3 institutes of PAS + NCBJ:
N. Copernicus Astr. Center
Space Research Centre

Institute of Nuclear Physics

NCBJ

A computing centre:
CYFRONET AGH

Polish project at the ESFRT roadmap
to study

b

A small otype opening
in INP Krakow (collaboration with University of Geneva)

Dicital camera  NMirrors based
with SiPNITs
"DiciCam"

C' T\ Science
on composites N\ Gateway
in CY FRONET

CTA data centre in Poland ?



SST-1M: single-mirror
Small Size Telescope

_— —~—_
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focal length 5,6 m
* dish diameter 4 m

* 18 spherical mirrors
(78 cm flat-to-flat, f=5.6m)

* 1296 pixels (0.25deg) f «

*9.1 deg FoV
* hexagonal silicon
photomultipliers

..........
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COCEC]

e,
.......................




SST-1M: prototype mechanical structure
designed and built at IFJ PAN




The 1M SST Project

ul ] III Centrum Badarn Kosmicznych
Space Research Cenire
UNIVERSITE AGH

DE GENEVE

University of Science and

Technolagy Nicolaus Copernicus

Astronomical Center

b f?‘

I Universitat
ﬁ / Zurich™ 0 Institute of Nuclaar Physics
3= Polish Academy of Science (PAN)

The DigiCam

Digital camera dedicated for
the SST-1M telescope

From: Krzysztof Zietara JU



DigiCam camera features

1 1296 pixels PDP based on (SiPM)

O Signal acquisition implemented using

4 path with reconfigurable algorithms and signal preprocessing
[ Serial architecture based on mulitgigabit links (trigger and adc readout)

1 Reduced number of cables and connectors

d — perfect for SST-1M telescope




DigiCam camera architecture

i
Analog transmission
via CATx (typ. <1.5 m) Ring buff
T 250 MS/s o Civger seraltinks MAin trigger Eiberne
B  Slow control 12 bit dal roc:d ot - &
PMT’s HV CAN BUS Slow control FADC (data uction) readout
Slow control
3 p-Crates holding
27 FADC cards (48
channels each) and
3 trigger cards

PDP composed of 108
mechanical units, each
holdong 12 pixels
(12 SiPMT’s)




Simulations
for SST-1M

Adam Frankowski, Mira Grudzinska, Mateusz Janiak, Piotr Rozwadowski
(CAMK, OAUW, UJ)




Numerical simulations - software

* air shower simulations for * telescope response

gammas, protons, electrons calculations
and muons .
sim_telarray
CORSIKA Bernloehr et al. Astropart. Phys.
http://www-ik.fzk.de/~corsika/ (2008,2013)
- most time consuming, 95% data - several configurations, storage for 1-2
volume, storage for several months years (but small volume ~30TB) for
for possible reprocessing user analysis

- ~200k
jobs of 50k events, ~8 mln HS06 hours (70% air showers

simulations), >500TB of storage

* EGEE/EGI grid infrastructure chosen (vo.cta.in2p3.fr - 21

EGI grid sites in 7 countries, several thousands CPU cores and
>650TB dedicated storage)


http://www-ik.fzk.de/~corsika/

Production-2

23-m LST
12-m MST

7mSST =
4msSST o

SC-MST or MST

North is up

West is left

229 telescope positions

7 different telescope types (LST, 2 MST, 4
SST) with updated parameters and
sometimes several different trigger schemes

3 different candidate sites at altitudes
between 1600 and 3600 m

traces of pulses 1n all pixels stored

3.7 x 1010 events generated, total storage
max 1.86PB



Telescope separation - dedicated study of optimal telescope separation

sensitivity

e ! ook * dedicated simulations for 5

paurmens telescopes at different
separations of 150m, 200m,
250m, 300m, 350m

* 2.3e6 gamma events,
18.1e6 proton events

diff sens * E2 (50h) [erg/(cm? s)]

1 1.5
Log(E/TeV)

Fig. 1. SMARTS5 sensitivity based on the Prod-2 data for two
different telescope separation: ~250m (confA) and ~370m
(confB).

m]

50 |- oo

O sesn

y coordinate [

-50 ,,,,,,,
-100 |- ‘
-150 |- rrrrrrr
200 ki

-250
-250 -200 -150 -100 -50 0 50 100 150 200 250

X coordinate [m]

Fig. 2. Locations of the telescopes used in the simulations.



SHADOWING (TELESCOPE TRANSMISSION)

* The SST-1M mirror consists of
18 hexagonal facets of 78 cm
dimension (flat-to-flat).

e 9.48 m? total surface area

average effective

coating reflectance
300-550nm

Al+SiO, 0.91
Al+SiO,+HfO, 0.95
dielectric 550 0.97

becomes

e 7.54 m? effective area
(total telescope
transmission coefficient of

0.8 applied).

Fig. 1. Masts only
shadowing at 2 deg
off axis.



‘ cherenkov telescope array

* anovel approach to cold-
slumping technology for mirror
production

* made of glass and aluminium

* open structure prohibits water
to be trapped inside, improves
ventilation and thermal stability

* designed for open-air operations:
durable and resistant to
atmospheric conditions

Glass fibre
reinforcement
(th. 0,4mm)

Glass fibre
reinforcement
(th. 04mm)

Spherical reflective
a—  layer front borofloat
33 glass panel (th. 2mm)

Glass panel
& (th. 2mm)

Glass panel
(th. 2mm)

Glass panel
(th. 2mm)




cta

cherenkov telescope array

* several full-size (1,2 m face-to-face) prototype
mirrors produced so far
* radius of curvature R ~ 32,14 m
* excellent optical characteristics (PSF)
* resistant to environmental conditions
* 4 mirror facets installed on the MST prototype
in Berlin

PSF at 2f:

55

Mathieu de Naurois Hess Collaboration Meeting, Open Session
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CTA Science Gateway

The Cyfronet SG Team

Production CTA SG
(Cyfronet):
hitp://cta-sg.grid.cyironet.pl

Demos and tutorials:

Tomasz Joanna Hubert
Siejkowski

Szepieniec Kocot

http://insilicolab.cyfronet.pl/videos

Contact:
insilicolab@cyfronet.pl

|.kocot@cyfronet.pl

Tomasz Daniel Marcin Mariusz A
Grabarozyk oo Salega Sterve t.s;egemec_@cvfronet.pl
— h.siejkowski@cyfronet.pl

s /1NN
\ A /]
g 0 ‘
] Al EE
Piotr Michat Piotr

Szwarndég Trzeciak Wojcik



Search and verification of CTA sites

Coordination of the working group SITE: T. Bulik

30 people from 12 countries at 5 continents

Sites analyzed:
6 at the in Argentyna, Chile & Namibia.

7 at the in China, India, Spain, US & Mexico

Large effort involved instalation of automatic monitoring stations in
all sites.



Namibia




CTA Science Gateway

* Central access point for the CTA users
* Platform integrating CTA tools:

* Reconstruction, observation analysis
* Browsing & searching for simulations and observations data

* Science Tools
* Others...

 Access for external observers




CTA Science Gateway

CTA LDAP
y Data Quality and

Science Alerts
Iser managment Data Access Monitoring

Infrastructure Manitoring Helpdesk
CMS
Documentation
Proposal Handling Archive Browser Science Tools Trainings

A

Proposal DB

Software
Archive

ACTL Scheduler




CTA SG - current status

* Address:
* Based orn¥: | [IFERAY platform
* Login-in: CTA login/password or certificate

* Features:
* Browsing of CTA production data
* Management of computing workflows
* Access to DIRAC
* CTA Infrastructure Monitoring
* Tools:
* sim_telarray - CTA array simulation
* read-cta, eventdisplay - event reconstruction
* ctools - high-level data analysis (light-curves, spectra)



CTA SG — Workflow managment

n silico

* Based or LAP® framework
* Managing of experiment workflows

* Intuitive interface:
* Experiment configuration
* Submitting jobs to GRID (gLite, DIRAC)
* Results downloading and visualization
* Sharing data (LFC)
* Reuse of the results in following exepriments



jobs

3,000

2,500

2,000

1,500

1,000

500

>

Running jobs by Site

=
O
O
O
|
O
O
O

LCG.CYFROMET.pl

52 Weeks from Week 52 of 2012 to Week 51 of 2013
| ] ] I I | ]

41.4%

LCG.DESY-ZEUTHEN. de 13.3%

LCG.IN2P3-CC.fr

LC

L
L
LC
L

G.GRIFfr
G.M3IPEC fr
G.PIC.es
G.CIEMAT. es
G.M5FG.fr

13.1%
11.4%
3.8%
3.6%
31%
3.0%

Max: 3,072, Min: 0.56, Average: 703, Current: 249

B LCG.LAPPfT
LCG.CAME pl

B LCG . Prague.cz

O LCG.UNIW-LILLE fr

B LCG.INFN-TORING. it

B LCG.OBSPM.fr

B LCG UNI-DORTMUND de

B LCG.CNAFIL

2.3%
1.4%
1.4%
0.8%
0.8%
0.3%
0.2%
0.1%

Jar'l 2013 Feb 2013 Mar 2013 Apr I'I]l3 May 2{]13 Jun 2013 JI..II 2013 Aug 2013 5ep 2013 Oct 2013 Nov 2013 Dec 2013

O LCG.GR-10-UOl.gr 0.0%
I LCG.CPPM. fr 0.0%
™ 0.0%
B AN 0.0%
O Multrple 0.0%
B DIRAC.PIC es 0.0%

Generated on 2014-03-11 16:09:23 UTC



Computing & Storage

Productionjob CPU efficiency by Site

47 Weeks from Week 52 of 2013 to Week 47 of 2014 10¢

Total

LOG. UNIVALILLE fr
UNI-DORTMUND de 90
LCG. Prague cz
PRAGUE-CESMET cz
LCG . PIC es

LG . OBSPM . fr

LG MSFG fr

LCG M3PEC fr

LOG. LAPP fr

| 470

LG INFN-TORING it
LOG. IN2P3-CC.Ir
LCG.GRIF fr

5. DESY.ZEUTHEN de

»  Plans for 2015 in total:
200M CPUh (HS06)

440
LOG. CYFRONET. p
LCG.CPPM . fr
LCG CMAF it “ i 30 ~2 PB
LG CIEMAT &5
LCG.CETA e 420
cocus| | IR 0 T N 1 [
ARC SE-SNIC-T2 se 10
- site | AllocatedDisk(T8) _| UsedDisk T8)
: e — 0 CYFRONET-LCG2 448 220
jan 2014 Feb 2014Mar 2014 Apr 2014 May 2014 jun 2014 jul 2014 Auwg 2014 Sep 2014 0ct 2 I‘_.'J--IJ'-‘J.-?--I'?-"_';' 1204 094743 UTC
DESY-ZN 336 272
IN2P3-CC 80 (+110 Tape) 39
ﬂem-@ IN2P3-LAPP 60 50
f, Y
- Yeao One of the biggest CPU time GRIF S0 "

INFN-T1 30

and storage provider for —r I
CTA



CTA observatory construction

Current stage: telescope designs essentially complete; advanced
prototyping

Passed Preliminary Technical Design Review

Final Technical Design Report and Critical Design Review in ~Q1 2015

Aim for construction approval in mid-2015

5 year construction period

Early operation of partial arrays

Investment cost 150 M€ (2006), escalates to ~200 M€; site infrastr. ~20
ME€ (S); updated cost estimate in prep.

Currently establishing CTA Observatory GmbH interim legal entity

Transition to final legal entity in ~2 years



In Poland we have spent ~16 Mzl for CTA (grants). However, there 1s
a problem with current financing of the Polish contribution to CTA construction

http://www.naukaonline.pl/news/item/1322-projekt-cherenkov-telescope-array-co-z-finansowaniem
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