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<Cherenkov Telescope Array

* next generation observatory for
gamma-ray astronomy

<Computing Grid
 Monte Carlo simulations

* developments

* results
:>Future data pipe lineand ~  EmEs
§\C|ence Analy/s\ls System =
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Gamma-Ray Astronomy

2astronomy at TeV (102 eV) energy scale

e billion times energy of X-rays
<currently 3 experiments with 2 — 5 telescopes

: S

VERITAS
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Gamma-Ray Astronomy
=>1° discovery in 1989

<current instruments operational since 2003 (H.E.S.S.)

<discovery of hundred's of sources in the last 8 years
<observation of non-thermal universe

e supernova remnants, pulsar wind nebulae, galaxies
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Imaging Air Cherenkov Technique

<photon creates air shower of
tens of thousands of
secondary particles

Particle

< Cherenkov emission of
shower particles

<detection with multiple optical
telescopes

- “total area
- — sensitivity

<mirror surface
' L sensitivity, energy threshold

<number of telescopes
— angular resolution and
background rejection
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Next Generation: CTA

<Cherenkov Telescope Array vcore of large telescopes:

e consortium of >800 scientists in * high sensitivity at low energy
25 countries >medium size telescopes

e energy band:100 GeV — 10 TeV
<small telescopes

e aim: 10x sensitivity of current
iInstruments

e 2 sites: south and north
- operate as observatory * large area for multi-TeV




CTA: Preparatory Phase

<2010 — 2013
<accepted project in FP7

<address questions of
construction and operation of
large telescope array

e find sites

1500

- build prototypes of telescopes vy e
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CTA Computing and Grid Approach

<Preparatory Phase <no dedicated CTA computing

» Monte Carlo simulations centres yet

« air showers of 10*particles >computing done in

 simulation of mega-array _par.tlc_:lpatlng nsiptes
individually

e analysis of many layouts and

telescope designs ~idea: join the computing via

_ Grid technology
<operation

- Pgive user access to all data
| - - and combined computing
data Callbratlo/h\ and partlc;le . power

: reconstructlon

* raw data on remo}e site

/ AR
. *analysis and data publlcatlon
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CTA Virtual Organisation

<virtual organisation: vo.cta.in2p3.fr
 VOMS and LFC server hosted at CC Lyon, dedicated WMS at LAPP

<14 sites in 6 countries: 37k CPUs shared with other VOs

Job Number (VO: vo.cta.in2p3.fr)

* 1000 — 2000 CPUs used by =
CTA simultaneously . TR e T

Weed 18:00 Thu 00:00 Thu 06:00 Thu 12:00
3 ~5OO TB Of Sto rage OTotaldobs  NOW: 1.08k MAX: 167k AVG: 1.07k
@ RunningJobs  NOW: 649.37 MAX: 127k AVG: 81195
O WaitingJobs ~ NOW: 42856 MAX: 627.89 AVG: 255.65

distributed over sites

i\ . Lyon IN2P3-CC 9068 19459928 16106 +several 100TB on tape

I
e

Bordeaux = M3PEC 432 907200 11306

Meudon OBSPM 112 401184 11646

A\ -gemany Munich  MPPMU 2352 6644400 0

CYFRONET-LCG2 8712 18748224 73101

Cracow

Spain Barcelona PIC 3216 8728224 11012
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Monte Carlo Simulation on the Grid

<air showers and Cherenkov light

e CORSIKA [nttp://www-ik.fzk.de/corsikal]
* high memory requirement (up to 4GB RAM for proton showers)

e intermediate file: 1-2 GB (for 10000 gammas or 1000 protons)
<simulation of telescope response
e sim_telarray [gemishr 2008, AIP Conf. Proc., Vol. 1085, 874-877]

« 295 telescopes
~ +final file slze 100/— 400 MB

AN,

' 9’ \Gurrent pfoductlon 100000 files
Scorsika + sim. /telarray in 1 job: ~3h

Dcurrent produ_ctlon. save some corsika files on large SEs (Lyon,
DESY Zeuthen, Cyfronet) to build up a corsika stock
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http://www-ik.fzk.de/corsika/

Automated Job Submission

. CTA VO Grid
Create the job: )
files on o s A 9 | Operation Centre
grid SEs scripts ob and grid
> control

Grid tools and software
developed for CTACG

T ‘ (Ganga) s
0 central data base <

out: i L Interface with the
browse configure and start a monitoring .
results task Communlty
/‘ Configuration
web interface Monitoring ]
Access to data files
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<Easy Integrated Job Submission

<tool developed at LAPP within the MUST framework
 MUST — computing centre for LAPP and Savoie University, Tier 2

<configuration of task
<configuration of site classes
<checkout and book-keeping

<job subm|SS|on =i
&

/Easn]ob Gommands are stored N data base

e job submlssmp and monltormg usmg Ganga

—*loop runnlng in Ganga checks for new commands
'.jOb submission pauses on maximum number of waiting jobs
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Configuration

<configuration of parameter set with key words and default values

2input sandbox template where #keyword will be replaced with
value during job submission

<set of parameter values in data base for each task

Analyze parameter tree diagram - 2 ... || timer : 3335-send-005

Nukri Komin

MUST

zasij ob

9P,

Select configuration | 20 - INPUTS_CTA_ULTRA3_gamma

file :

4 Parameters duplicate

®-31 Generic shower ggrameters
#3910 Random number generator
=327 Primary particle options
=928 PRMPAR
1) 29 Particleld0
11 30 Particleld1

~0 35 EnergyMax
=336 THETAP

[ 37 ThetaPo

“~[) 38 ThetaP1
=339 PHIP

[ 40 PhiPO

[ 41 PniP1
=342 VIEWCONE

1) 43 ThetaPCone

“-[J 44 PhiPCone

Faramewr Particleld0

Paramldentifier |#Particleido#

Default 1
value :

|
\ AR & 5331 ESLOPE P .
: 5 ; : arameter | basic type
/ \\ e -0 32 EnergySlope type : it
: = £33 ERANGE '
: > . : Parameter |int
Ji 1) 34 EnergyMin basic type :

Parameter |no unit
unit :

Save

Save all parameters to DB
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<sites are added to class

<JDL requirements set
individually

Nukri Komin

Firefox

Ao hitp:/flappw...www/TaskReqg/ +

Requirements defined in DB :

Select a requirement :

Selected requirements : CTAProd RAM _2GB

General requirement :

Site name

INZP3-LAPP (1)
INZP3-CC (2)
GRIF-IRFU (3)
GRIF-LAL (4)
GRIF-APC (5)
GRIF-LLR (8)

. GRIF-LPNHE (7)

MSFG-OPEM (8)

o MPPMU (3)
< DESY-ZN (10)
UNI-DORTMUND (11}

PIC {12)

CIEMAT-LCG2 (13)

CYFRONET-LCG2
(14)

CAME (13)
GR-01-AUTH (186}

PRAGUE-LCG2 (17)

2 - CIAProd RAM 2GB &
duplicate as | Go
Save to DB

|other.GIueHostOperatingSystemHeIease::-S
Status Max.::hr:‘ﬂqiDnJGF'U Max.-'::l:z:lFlAM other requirement
enabled nolz[ 0 [no/z| 0 [none
enabled >=Z W no | < | 0 |n0ne
enabled no IT no < | 0 |none
enabled no IT no & 0 [none
enabled no < IT no < | 0 |none
enabled nolz[ 0 [no/z| 0 [none
enabled no < IT no < | 0 |none
enabled no IT no < | 0 |none
enabled == W >= ¢ | 2000 [none
enabled >=Z W >=|Z | 2000 |none
enabled >=/2 [ 2000 [>= 2| 2000 [none
enabled == W no & 0 [none
enabled no IT no < | 0 |none
enabled >=¢ [ 2000 [>=2¢] 2000 [none
enabled no < IT no < | 0 |none
enabled no 2 0 [no 2] 0 |none
enabled no IT no & 0 [none

Rencontres Scientifiques France Grilles 2011




Submission and Monitoring

<submission of requested jobs

<limit for waiting jobs, the rest remains scheduled

<re-submission of failed jobs

File Edit View History Bookmarks Tools Help
‘B CTA-CG - Task status o+

CTACG platform - Tasks status

Fri Sep 9 13:31:57 2011

Prod1S_Series2 Id:119 Running v_29042011 Prod1S series 2; ULTRA3 B 2011-08-09 14:58:14 u%ems History
global job list =iae T 1059 32767  220%  —»> Defailed job status 0-1000 ¢
IN2P3-LAPP 105 9 16 5138 32 5300 16% * scheduled waiting running done failed
A 4 IM2P3-CC 100 105 19528 D67 20300 60%
/’ \\ GRIF-IRFU 2 55 831 114 1000 3%
'/ Lo~ GRIF-LAL 102137 3458 120 3700 11%
GRIF-APC A a0 20 0%
GRIF-LLR . 50 50 0%
MSFG-OPEN A 50 50 0%
DESY-ZN 124 15 157 18577 a7 18900 57%
PIC 113 41 4830 6 5050 15%
CIEMAT-LCG2 83 49 28 421 107 2700 17% |
CYFROMET-LCG2 34 16 5395 4 5450 16%
CAMK 44 1 29 4524 [
Nukri Ko
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Bookkeeping

<check if file is registered in LFC

<production parameters and file location (logical and physical
stored in data base

CTACG platform

CTACG platform - job status

Wed Sep 14 18:06:15 2011

v_29042011 Prod1S series 2; 2011-09-14

Prod1S_Series2 Id:119 Running v 29042011 TR T

Ganga
Run Status LFM Grid site name Time stamp job
number

Job
nurmber

/gridivo.cta.in2p3.fr/Simulation/corsikaslog/run050001_dir tar.gz
Vi /gridivo.cta.in2p3d.fr/Simulation/Prod13/gamma/sim_hessarray/cta-prod1
\ i . . /0.0deg/Data/gamma_20deg_90deg_run30001___ cta-
> prod1_desert.simhess.gz Wed Aug 3
T 2 50001 e . /gridivo.cta.in2p3d.fr/Simulation/sim_hessarray/cta-prod1/0.0deg/Histograms DAL 17:10:24 2011
J/!.f A ‘gamma_20deg_90deg_run50001___cta-prod1_desert.hdata.gz
fgridivo.cta.in2pd. fr/Simulation/sim_hessarray/cta-prod1/0.0deg
/Log/gamma_20deg 90deg_run50001__ cta-prodi_desert.log.gz
Igridivo.cta.in2p3.fr/Simulation/corsikaslog/run050002_dir tar.gz
Igridivo.cta.in2pd.fr/Simulation/Prod1S/gamma/sim_hessarray/cta-prod1
/0.0deg/Data/gamma_20deg_90deg_run30002__ cta-
prod1_desert.simhess.gz Wed Aug 3
3 50002 T2 . /gridivo.cta.in2p3d.fr/Simulation/sim_hessarray/cta-prod1/0.0deg/Histograms DEERALEE 16:32:36 2011
/gamma_20deg_9%0deg_rund0002___ cta-prod1_desert.hdata.gz
fgridivo.cta.in2pd. fr/Simulation/sim_hessarray/cta-prod1/0.0deg
/Log/gamma_20deg_90deg_run50002___cta-prodi_desert.log.gz
Igridivo.cta.in2p3.fr/Simulation/corsikaslog/run050003_dir tar.gz
Igridivo.cta.in2pd.fr/Simulation/Prod1S/gamma/sim_hessarray/cta-prod1
/0.0deg/Data/gamma_20deg_90deg_run30003___ cta-
prod1_desert.simhess.gz IN2P3-LAPP Wed Aug 3
/gridivo.cta.in2p3d.fr/Simulation/sim_hessarray/cta-prod1/0.0deg/Histograms 16:32:37 2011
/gamma_20deg_%0deg_rund0003___ cta-prod1_desert.hdata.gz

16806

16807

4 50003 done 16808
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User's Analyses

<currently: many users download simulation files for local analysis

<goal: bring user to the Grid
* need user interface with easy installation and easy use
* need analysis software

Stesting Dirac &, |

e server running in Barcelona (PIC)
* preparation of anaIyS|s scripts
2 Currently ROO'!' next step: ,H.E.S.S. and Magic analysis software

Qé‘l)rrently no dedlcated CTA software

_*use of proprletary software of |nd|V|duaI instruments
™ not shared among CTA

Nukri Komin Rencontres Scientifiques France Grilles 2011 17



<analysis of simulated gamma
and proton (background)
showers to estimate sensitivity
of possible arrays

<sensitivity for array layout E
* [diPierro et al., ICRC 2011]

<input for physics working
group to decide on scientific
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Future Operational Workflow

Scientific community
Data products < ‘T.E,]
Observer ( .

Virtual Observatory

Proposal

CTA observatory

Science Operation Science Data

Centre Centre
Evaluation + selection, Data dissemination
preparation and reduction

Scheduling

Array Operation Centre
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Future CTA Data Flow

available
to public

u.A *1000h of observation
edata stream 1-10GB/s
*some PB per year

Virtual Observatory

remote site:
internet sufficient for data transfer’?

- build new connectlon’?
| ,y 7, -

first analysis |

1

calibration and reconstruction
*1h raw data needs ~700CPU*days
file size: ~10% of raw data

| '\., )

:?I"E )
/
1
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Science Analysis System

User Web Client and/or VM for data searching

g

Web Server and
Grid jobs broker

Client appllcatlun ﬁ]r anal'yrf.lﬁ job submission

Grid jobs
management
,,.4-""’.
:l:'ﬂ;l:w:-s-:l;'- u gl ksl
LFL
L 0] S

LAa=F mrl e

T '| and results info./ file m\
=7 |l e -ﬂ'l:'n:l_-"rll-;"
e _ duwnlnadlng ey
I-l-'r :: I'\:I e bt e Rt / EJ

= — I.
: - — o =
B = = Ej

i '\'\-\_\_H-FFFF.

H:gh J'Elnref dat:] requ&*st

Towgs Borei
i

fet g BE )
Bermri CE

BEMCCRE

DGCE G

| : ; ‘;'; I|..'\.,‘.I.l:.:_ B ]I d * !y \ f :
Erori o — A /- Interﬁac:e layer X
[ AT and ‘with archive
Som o VObs data access DB
¢ /1

FITS and VO compliant results
VObs tools (VOSpec, Aladin)

Nukri Komin

Aw b bl

Science Archive,
DB and MetaDB systems,

~@

notification and results uploading
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Meta Data Management

~different data bases in use, dependencies between files

<need Meta Data Management

<Atlas Meta Data Interface (AMI) under evaluation
RAWDATA

& MC DATA

,._-_,;l.

Instrument

Metadata
Management
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<Cherenkov Telescope Array

e future large scale observatory for gamma-ray astronomy
 preparatory phase
<CTA Computing Grid
e currently massive Monte Carlo production
<future plans: set up full analysis chain
* Science Gateway' user interface for data access and analysis
_*meta data manag/ement |
-/‘data transport (|n partlcular the raw data)
. Computlng Grld cloud or somethlng else?
BCTA grid Camputlng at the beginning, we're looking for solutions.

:>Many thanks to the sites supporting CTA.
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