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Kuplia Oguarta

H xpnon Twv YNoAoyioTwyv

Ta Aoyiopika otn Puoikn YwnAng
Evepyeiag (PYE)

To mmAeypa (GRID) — kal peyebn
YTTOAOY. avayKeg, AAAEC EPAPUOYEC
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OI1 XpNoeIC TWV YTTOAOYIOTWYV Kal
TwV Aoyiouikwy otn PYE

Karaypagpn 0£00UEVWYV
Data Acquisition (DAQ)
[MepiAapBavel Tnv ETTIAOY OUYKPOUOEWV

AvokaTtaokeun (reconstruction)
Aueowc (online) n apyotepa (off-line)

[Tpocouoiwon (simulation)
AvaAuon dedopevwy (data analysis)
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[TAavo TNG OUIAIOC

Kupia (Avoixta) Aoyiopika otn PYE
Avakataokeun (reconstruction)
Aueowc (online) n apyotepa (off-line)
[Mpocopoiwon (simulation)
T1 €ival kAl o€ TI XPNOIYEUEI
AvaAuon dedouevwy (data analysis)
Nea owpaTiola, KAAUTEPN yvwaon/I0I0TNTEC AAAWV
To mmAeyua (GRID) — kal peyebn
YTTOAOY. QVAYKEC, KAl AAAEC EPAPUOYEC
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AVUOKOTOOKEUN

Mia ypnyopn €icaywyn



H SuokoAsia Tng AvaocuykpoTnong

Starting from P ———
this event
M’avtn v
aPYLKT EIKOVOL
(aP1oTEPO MUIGD)
Looking for
this “signature”

Yayvoupue avtn
TNV TEPTANTTTIKT
EKoVal

- Selectivity: 1 in 10"

(Like looking for a needle in 20 million haystacks)
22 AuyoucTou 2016 |. ATrooTOAaKNG 6



Koalopiuetpo
KPLGTAALOY

O1 onNUEPIVOI AVIXVEUTEC

[ToAAa TUNuaTa

AIQQOPETIKEC AVAYKEG
Metpnon Beong (Tpakep -
trackers) e
MeTpnon evepyelag (KaAAOPIPETPA N
OepuIOONETPAO)

Aoyw TNC TTOAU-TTAOKOTNTAC

OAAec o1 yeAetec xpelalovral
UTTOAOYIOTIKO EPYOAEIQ

: TEPQIGELOC

crenaers " & TOAVTTAOKOG
22 AuyouaoTou 2016 |. ATrooTOAQKNG 7



TI1 €1VAl N OVAKATOOKEUN?

| i
Ol HETPNOEIC EIVAI GOV EVOC R, i" 1
YPIpOg w3 Dy
Ti TpOXIEG TIG TIpOKaAETaV? " == 1% N, .
KaBe petpnon Bsong Bonbaer: 1 “'-1-1-:— -
Ymapxouv opwg 100-adeg wg LS T ;e
XIANIAOEG ETPNOEIG { - Wy, f._f-.,ﬁ
H avakataokeun TTpeTTEl va T
Bpel TN Auon! e =, W f-'
=EPOVTAG KaAQ TO JAYVNTIKO '\ o, -:'ﬁ; |
e6I0 I o .
BPIOKOUE TTOIEC UETPNOEIC AVOIKOUV -h"'l--.. % ,*"I--h_ : .
O€ TIOIEG TPOXIES Lo g

22 AuyouaoTou 2016 |. ATrooTOAQKNG



AVOKATOOKEUN
oTnV TTPASN

* ApxiCel ue TIG BeoeIg
dlaaong TwWV CWHATIOIWV

22 AuyouoTou 2016

|. ATrTooToAaKNG

Mayvntiko
ITeowo

B (&



AVOKOTOOKEUN
oTnV TTPASN

* Apxilel e TIG Beoelg
dlapaong Twv CwPaTIdIwWV
* Awkipadlovtal diagopol
ouvOlao ol
* KaI uttoAoyideTal n
dla@opa NETPNONG-
TTPoBAEWNg
*Kai €To1 mlavoTtnTta Tou
KaBe ocuvdlaouou

22 AuyouoTou 2016

|. ATrTooToAaKNG

Mayvntiko
ITeowo
B

€

AAlyop1Ou-oc/-ot
dultpo KoApov
(Kalman filter)
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AVOKATOOKEUN

Moayvntiko
oTnVv Tpaén rgé?m
B
* ApxiCel ue TIG BeOEIg €

dlapaong Twv CwPaTIdIwWV

* Awkipadlovtal diagopol
ouvOlao ol

* KaI uttoAoyideTal n
dla@opa NETPNONG-
TTPoBAEWNg

*Kai €To1 mlavoTtnTta Tou
KaBe ocuvdlaouou
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AVOKOTOOKEUN

: Moyvntuco
oTnV TPAsn rgé?m
B
* Apxilel e TIG Beoelg &

dlapaong Twv CwPaTIdIwWV

* Awkipadlovtal diagopol
ouvOlao ol

* KaI uttoAoyideTal n
dla@opa NETPNONG-
TTPoBAEWNg

*Kai €To1 mlavoTtnTta Tou
KaBe ocuvdlaouou

22 AuyouoTou 2016 |. ATTooTOAOKNG



AVOKOTOOKEUN. TTPWTO
OTTOTEAEO A

* AwkiygalovTal 01apopol
guvolaool
* Kal uttoAoyIZeTal N
dlagopa YUETPNONG-
TTPOBAEYNg
*Kal €101 TIBavoTtnta Tou
KaBg ouvOlaouou

*TeAIka exouv BpeBel oAeC
Ol TPOXIEG
* ] «OTA YPNYOPA» AUTEG
ME MEYOAN OpuN- Ol
KUPIEG TPOXIEG

22 AuyouoTou 2016

|. ATrooTOAQKNG

Mayvntiko

P=11 GeV/c

P=7.5 GeV/c

P=22 GeV/c
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ATIO HEPIKN TTIPOC ‘OAIKN’ AVAKATOOKEUN

MeTa ano auTa Ta npwTa P=175 GEV’K\
IXvn n . L L 1744 4
NPOOBETOUNE AVIXVEUTEC 240U
EualanToug, O€ NEPICOTEPA e 2 eVl
owpaTiola, aAAeC AN 1544 u
aAMnNAeMIdOpAceIC N\ S
Byaloupe NANPOMOPIEC Via v — 1
Ta aA\a owpuarioia (y, n, K, \\ 530
p,N,..) 3345 u
>UYKPOTOUUE «OAOKANPN» 503 u
TNV €IKOVA TNG KPOUONG p=11GeVic |~

22 AuyouaoTou 2016 |. ATrooTOAaKNG 14



Xpnon Tng aVOKATOOKEUNG

RAW

ESD

AOD

l

TAG

22 AuyouoTou 2016

Ot kaTeypayav ol O apXIKOG OYKOG TTANPOPOPIWY
avixveutes (DAQ)

Avacuykpotnenca MpPOTUTIA AVaYVWPIoNC:
TAnpogopia - TupmAéyparta (clusters)
- YTTOWN®IES TPOXIEG

[MAnpo@opicc «yia 1N PuUoIKA»:

2 UNTTEPACUATO Eykdpoia opun,

yla Tnv avaAuon 2 UOXETION OCWHATIBIWY, TTIOOKEG (jets),
(KaAUTEPN) avayvwpion CwPaTIdiwy

[MAnpogopicg [MAnpo@opieg OXETIKES UE TN YPYOPN
Tagivounong ETTIAOYN TWV KPOUCEWV
I. ATTOOTOAOKNG
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[Tpocouoiwaon Kal AVIXVEUTEC

T1 eival n TTpoocouoIwonN
[1aTI UTTOPXEI
[Twc¢ yiveTal



TI e1val n
TTpooopolwon!?

PuUOIKO CUCTAPATOC
MoVvTENO = €C1I0WOEIC

ECeAICn ouoTNUATOC

Byalw atroteAéopaTa

Sunday, August 10, 14



[ LXTL KKVOULUE
TTPpOOOUOLLWON!?

® ‘Evx smartphonen @ Air «WTOUGY

L EEOPUOYN
HIGH EPRPHOVI ® HAEKTPOVLKX O€

¢ 'Evax atuTOKilvNTO d0pLYPOPO
® BnuotoddTn ® LOTPLKO
XVLXVELTN

e KukAowoplac
TTOANC ® OKTLVOPBOALX

Sunday, August 10, 14




T1 €lval TTpOCOOION;

7 PTiaxvoupe povieAa Silicon
y Tou avixveuTn Tracke

x 'ewpueTpIa
X YNIKQ
v Twv aAANAenIdpacewy

x KaBg yvwoTou TuTtTou
* HAeKTpOUQYVNTIKOU
* Yoxnpou TTupnVvikou

_ 2.5 MeV e
GUVOAO 20
(POLVOLLEVOD NAEKTPOVIO

0]

22 AuyouaoTou 2016 |. ATrooTOAQKNG 19



Towers in Sampling 3
A An = 0.0245x0.05

[Tapaderypo
aKpiouc
YEDUETPLOC

INNIN

AN
N

sampling 2

? = 0.0245
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Annecy,

. Kordas “Geant4 for the ATLAS EM calo” — CALQR230(}



O1 aviyveuteg Tou ATAAZ

e 46 m

Muon chambers

Solenoid
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Inner Delector:
Pixel, TRT & SCT

Barrel Toroid

Electromagnetic Calorimeters

——-

End Cap Toroid

Forward Calorimeters
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Shielding

Hadronic Calorimeters
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From:
Cosmus
Project,

AIRES
Project,

Sergio
Sciuto




Baoikec AANNAETTIOPACEIC

O1 d1a@opec aAAnAenidpaong Tou CwWHATIOIOU PE
TO UAIKO (THNMO TOU aviXVEUTH N aAAo)

napaywyn OEUTEPEUOVTOC CWHATIOIOU

lovTIONOG

Bremstrahlung

—

22 AuyoucTou 2016 |. ATrooTOAQKNG
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Eva atrAo TTapadeiyua

2.T0 JOAUBdO
TTapayovTal TToAAQ
OEUTEPEUOVTA OCWHATIOIN

Ta TTEPICOTEPA UEVOUV
KOVTQ,

MepIKa CEPEUYOUV.
To dloceidio Tou
avOpaka, oav agpPIo, EXEI

.7 MIKPN TTUKVOTNTA

Oca cwuaTidia eTavouV N
Pb Pb \ TTAPAYWVTAI, TTAVE JOKPIa
[MapayovTal AiyoTepa
GEANT 3

22 AuyoucTou 2016 |. ATrooTOAQKNG 25



Geant4 geometry: what it ((GESES=

Describes a Detector
7 Hierarchy of volumes

7 Many volumes repeat
v Volume & sub-tree

7 Up to millions of _ |
volumes for LHC era Navigates in Detector

, Import detectors from 2 Locates a point

CAD systems 7 Computes a step
v Linear intersection

22 AuyouoTou 2016 |. ATrooTOAOKNG 26



Atlas : Physics Signhatures and Event

Rates
O1 deopec diaoTaupovovtal 40 MHz

Oinelastic = 80 mb

2 &£ KaBe Trepaopa TTOAAEC
ouykpouaei¢ (auouaa peon Tipn.
peTOC ~ 2H)

AiagpopeTiKol 0ToXO0!, 0 KABevag pe
Th OIKId TOU «UTTOYpPdPN>»
To Xiykg (Higgs) peoovio
YmepouppeTpia (Supersymmetry)
To ayvwaTo
O1 ouppeTpieg ota B peoovia

To kaBe kavaAl xpeialeTal Tnv
TPOCOHOIWaN TOU

ATLAS Barrel Inger Detector
H—b

Ta evdiapepovTta cuppavra sivai
KAPWITOEC OTA AXUpd 0€ £vd XWpI1o
yiopato otapAouc (~ 1in 10%- 10%)

22 AuyoucoTou 2016 I. ATTooToAOKNG
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['1aT1 TTpocouoIWon ?

[a va oxedI000UPE TOUC Aro npwTn 10€d, WG TNV
AVIXVEUTEG TEAEUTAIO AENTOMEPEIA

[0 va ETOIUACOUWE TIC
MEBODOOUC avaKATAOKEUNG

Na XapaKTNPIOCOUUE TOV

[1pIv apXIOEl va TPEXEI TO
nelpaua
['1a va €ival €ToIUO yia Thv

avixveutn apxn — n.x. TNV NpwTn
OEOMN

Na acloAoynoouue Tnv

ONMAVTIKOTATA TWV S UVEXWG

YEYOVOTWY WG TO TEAOG TWV NEIPAPATWV

(HeyaAn kai diapknc avaykn)

22 AuyoucTou 2016 |. ATrooTOAQKNG 28



Ba

Mapadsiyua .
OUYKpPIONG :

1|

Evis (MeV)

45

AEIYUATOANTITIKO

40

BepUIOOUETPO 35
OpaTn evépyela 30

NOKIMEC N
[1a OAEC TIC
NAEKTPIKTOMAYVITIKEG £
aAANAeNIOPACEIC, 5 .
NAEKTpOVIWV (e-)
PWTOVIWV ”

30

Data from Sicapo Col. NIM
A332 (85-90) 1993

£a

z0

22 AuyoucTou 2016

Pb-Fe-Si e-68 1012 GeV 100 evts

Fe{23mm)-Si(C.4mm)

B 7 g g 10 1 E(dg\f)

Pe{13mm)—Fe{10mm)—5i{0.4mm}

4] 7 3 =] 10 11 1
E (dev)

|. ATrooTOAQKNG 29



One area: Tracking

What a simulation code needs to do for
each step of particle:
Determine the

Corresponding to the applicable physics processes
Checking if it crosses a geometrical boundary

Model the of the track,

Advancing it, potentially in an EM field,

Applying the actions of the physics processes,
which can create particles.

energy in current position ( “hit’).

22 AuyoucTou 2016 |. ATrooTOAQKNG 30



YTrapxel attAn Auon ?

ApPKEI N JEON TIUN TNG atTo0E0NC evepyElag (TT.X.)
?
[0 JEPIKEC ATTAEC €peuveg, Nal

['1a TTOAAEG (TIG TTEPICOTEPEG) XpPEIaleTal OAN N €IKOvA

YTTapxel KATAVOUN TIMWYV
[Tou dgv eival TTAVTA CUMMPETPIKN N OTTAN
Ol OUPEG TWV KATAVOUWY PTTOPOUV VA TTAICOUV PMEYAAO POAO

Me TTOI0 OQPOAPQ CEPETE TNV TADE EVEPYEIQT?

22 AuyoucTou 2016 |. ATrooTOAQKNG 31



GEANT 4

Detector simulation tool-kit for HEP
offers alternatives, allows for tailoring

Software Engineering and OO technology
provide the method for building, maintaining it.

from LHC/HEP and beyond:
medical and space science applications

World-wide collaboration (120 physicists &
engineers, >10 countries)

Open source — anyone can use & improve it!

22 AuyoucTou 2016 |. ATrooTOAQKNG 32



AAAEC XPNOEIC TIPOCTOHOIWONG

[IAavnTeC / OwpuPwpOl
AANNAENIOPACN NAEKTPOVIWV/NPOTOVIWV HE
aTHooPaipa Kai PJayvnTiko naidio Tne 'ng

laTpikn
[1a 1aTpIKN Olayvwaon
Padlo-1aTpikn — Bepansia Pe npoTovid

22 AuyoucTou 2016 |. ATrooTOAQKNG 33
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” e
3 -

PLANETOCOSMICS Geant4-application

Earth '




AvaAuon dedopevwyv

22 AuyouaoTou 2016 |. ATrooTOAQKNG 35



HEP Processing stages and datasets

event filter

(selection &
econstruction]
- >
—-—
3 Event Summary
i Data (ESD)

\ l R

detector

processed
data

analysis ﬁﬂ QU
U

Analysis Object Data (AOD)
ﬂ I (extracted by physics topic)
LR

event ‘ V f =
simulationJ f@/

| individual

physics

event
econstructio

22 AuyoucoTou 2016 I. ATTooToAOKNG



AvaAuon:.

EmeiTa amo TNV avakartaokeun

XpnoipgoToiel Ta ‘dedopeva’ (Data) mpolovra TnG

avakaTaokeung
Iepapxeia 'dedopevwy' amo OAika (RAW), wg
ouvoTiTika/couutrepacpaTtika (AOD)

O1 ouadEeC €VOC TTEIPAPATOC XPNOIMOTTOIOUV Ta OEDOUEVA
210 CERN (duokoAo) n mou ? .... oto TTAeypa (GRID)

HypaTia: HIKPO KoHdaTI avaAuong TeipapddTog oTo O0X0AEI0

Eicaywyn, Koopocg/Portal Egpappoyn - A.@acouAiwtng (EBv.Kam.
TTav. ABnvag), A. AAe€omouho¢c(CERN)
http://hypatia.iasa.gr/en/index.html

http://indico.cern.ch/conferenceDisplay.py?confId=257353
#2013-07-08

22 AuyoucoTou 2016 I. ATTooToAOKNG
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http://indico.cern.ch/getFile.py/access?contribId=79&resId=6&materialId=slides&confId=257353
http://portal.discoverthecosmos.eu
http://indico.cern.ch/conferenceDisplay.py?confId=257353#2013-07-08

~2 MB/event

~100 kB/event

~10 kB/event

~1 kB/event

22 AuyoucoTou 2016

Tepapxeia Asdopevwy (Data)

RAW

ESD

AOD

TAG

OT11 KaTeypawayv ol
avixveutes (DAQ)

AvaouykpoTtnénoa
TTANpoPopIa

2 UUTTEPAC AT
yia TNV avaAuon

[MAnpo@opicg
Tagivounong

|. ATTOOTOAOKNG

WYneiotroinon 0Toug avIXVEUTEG
10° events/yr * 2 MB =2 PB/yr

[MAnpo@opicc avayvwpiong
TTPOTUTTWV:
2UOTAOEC, UTTOWNPIEC TPOXIES

DuoIkES TTANPOYOIEC:
Eykapoia opun,

2UAN\oYEG awpaTIdiwy, TTiIOAKEG,
(KaAuTepOG) TTPOCdIOPICHOG
TWV CWHATIOIWY,

[Anpo@opieg yia ypriyopn
ETTIAOYI KPOUOEWV

38



it 2 Distribution of Computing Services
- Ta vea ocoopeva Oa 100.00¢
Summary of Con  peyarovovy 15 PetaBytes Mlep SHUD SO,
‘ropnveg’cores

All experiments -
KoOE YpOVO — LE OVO UVTLYPOUOU.
From LCG TDR € June 20uo P H Tpoe

CERN All Tier-1s  All Tier-

56

CPU (MSPECint2000s)
Disk (PetaBytes)
Tape (PetaBytes)

61

CPU Disk Tape

CERN CERN
All Tier-2s
43%

MeYaAo TOGMGTO TOV VTOAOYIGTMV KL y

OLOKMV E£1VOL OLUOEOOLEVU
la e 120 1o OV GT1IC (SIS (5)-1t-39

18%

All Tier-1s
39%

CERN
34%

All Tier-1s

areMSPECING= 1

55%




Auon : To MNMAgypa (Grid)

«  Xpnoiponotovue 1o IAeyua va evidcsooue Tovo
VTTOAOYIGTIKOVG TOPOLE TV VOTITOVT®V OVE TOV KOGLLO

To World Wide Web napéyet amin
tpocPaocn 6e TANpoPopieg Tov givar
amoBNKeELUEVEG GE TTOAAN EKATOULVPIO
OLOLPOPETIKEC YEOYPUPIKES TOTOOEGTEG

The Grid swvat pio vrodoun wov
mopEyeL adldAeintn tpocPaocn e
VTTOAOYIGTIKT] 1GYD KOl YOPNTIKOTNTO
amoBnKeLONG OEOOUEV®V
KOTOVEUNUEVT] GE OAN TNV VPNALO0

1. Arooroloxng



NMwg douAegun 1o MNMAeypa (Grid) ‘

* BaoileTal o€ €I0IKEUPEVO

AOYIOUIKO, TO AEYOUEVO HETO- $§§§e\“*5| TE Epappoyn
Moyiopiko (middleware). VA S =

| ]
['f2
N[ =
RS

e

Uniform

Data
Communi- L
cation Unix
: services Grid and OGSA
Collaborati

ion Information Hosting
and Remote Service
Instrument

* H1dca Tou Middleware eivai va &, @
BPEI AUTOUATA T OTOIXEIO TTOU £
xpelaleTal o/n epeuvnTnNG, Kail 10

UTTOAOYIOTIKO SUVOMIKO VO T |4 % N\

ETTEEEPYAOTEL. 38 iy LB

. "sensor"
® - P .
Middleware e€loopoTrel TO T SONT/SN e
POPTIO OE DIAPOPOUC TTOPOUC S e

KAl EYKATAOTAOEIC. XeIpiZeTal AvkTio
ETTIONG AC@AAEIN, AOYIOTIKN,

TITNPNON Kal TTOAAQ aAAQ.

1. Arooroloxng



Wide Area Network

]

S L

L

T2

]

Any Tler 2 ma Brookhaven Qp

= L0

]

Il

T2

Tier-2s and Tier-1s are
Inter-connected by, the general purpose

= earch networks
) A

IN2P3

il Dedicated 10 GHRYYE,

I tic]l pepwvork I ﬂ

ﬂ A

|

Fermilab

Nordic

< [l

il

¢
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A Multi-Tier Computing Model

(Experi.rgﬁ: Hoos‘r lab) CERN /‘_——““ :::::: N .
Um >' Lab m~
. ,/ .t'eglonal gr %
Tier 1 L b nl‘a
(Main a “_‘
Regional : :
Centres) Tler-‘3 . T|er. ni h
M Desktop - - e@ '¢ r2
Tier2 ; ab b™ ab A
;i ‘ Q ,
ﬂ\ ‘wn. phxsfcs grodp
. -— N ' 3 . .
Tier 3 o |B ¥ Yuflb’l

Desktop Q%EQ

-
. -

Manager View User View

22 AuyouoTou 2016 I. ATTooToAOKNG
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&

Enabling Grids for E-sciencE
Aegkadeg epapoyeEG o€ OINPOPOUG TOMEIG
Quoikn YynAwv Evepyeiwv (Pilot domain)
4 mreipapara LHC, DESY, Fermilab
Bioiatpikn (Pilot domain)
BiotrAnpo@opikr] (Bioinformatics)
latpikA amreikévion (Medical imaging)
[[EWETTIOTNUES
[ew-€TTIOKOTTNON
Quaoikn ZTtepeag 'n¢ (Solid Earth Physics)
YdpoAoyia, KAipa
YT1roAoyioTikry Xnueia
Tnen (Fusion)
AoTpovoypia
KoouIKG uttéabpo PMIKPOKUPATWY
AKTIVWV-Y

[[ew@uOIKN
BlounxavikEG EQAPUOYES

EGEE-II INFSO-RI-031688

Epapuoyeg

1. Arootoraxng 44



'@ | CG depends on two major science
- grid infrastructures ...

EGEE - Enabling Grids for E-Science
OSG - US Open Science 6Grid

¢
s RN
:

o CGCC

Enabling Gnds
for.E-sciencE

A map of the worldwide LCG infrastructure operated by EGEE and OSG.
les robertson - cern-it-45



My

i LCG

Grid Activity

2uvexng augnon atn xphon Tou EGEE kai OSG mAeypatwv(grids)
All sites reporting accounting data (CERN, Tier-1, -2, -3)
> uvexng auénon xpnong m.x. 18 pnveg (wg Zem 2007) -em 5 o

for E-sciencE

Open Science Grd

150 —+

i G| i | il i B 100 +

ecee || 0 |
Enabling Grids

m |hcb
api1Buo¢ Twv jobs kai et 3.5 0 xpovog xphong o ems
LHC Jobs Run (millions) LHC CPU Usage W atlas

4 (M SI2K-days) alice

100K jobs/day —>p

350
3

300

250

200

i i [ | ¢ daad i ] i e e s i T | | Sl | e o R IR [ TR oo [ [eapi ) IR S [Rag DUNENE | Namar Seami Y g |
O YL YW WYY Y YV VW O NSNS © YW WY YWY Y VWY YN
S LRI ELELLILEISRXITTRER SRS ITRIL RIS
S x2S W as 0 o == >=c 5 W E>gc g ways > 9 a5k
S © S =2 (Y v T @ T S = (Y S ® S 2 S @ =] c v [
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O1 puoikol TpoypapatTi{ouV

OAN N avaAuon YETPNOEWV YIVETAI ME
UTTOAOYIOTEC

O1 puaoikol YE XpnoIUoTToIouV EIOIKEUUEVA

TTPpoypaAppaTa
MeQIKOI YOOQOUV UEYAAEG POUTIVEG
(routines/Fortran, methods/C++)

O1 110 TTOAAOI KOVOUV UIKPEG POUTIVEG, YIA TIC
OIKEC TOUC AVAYKEC

OAol Ba xpoionuoTrolouw Ta ‘EpYaAEId’ va
OOUV TIC TTEPIANWEIC TWV METPNOEWV

22 AuyoucTou 2016 |. ATrooTOAQKNG 47



Backup
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@  September 2007 - CPU Usage

i LCG

N CERN, Tier-1s, Tier-2s

CPU Usage - September 2007

Tier-2s
45%

Tier-1s
42%

= > 80% of CPU Usage is external to CERN

last update 28/08/2017 14:36 les robertson - cern-it-49
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i LCG

My

The Worldwide LHC Computing 6rid

=  The LHC physics data analysis service distributed across the world

=  Status in May 2007

CERN, 11 large Tier-1 centres,
~ 140 active Tier-2 centres

Established the 10 Gigabit/sec
optical network that interlinks
CERN and the Tier-1 centres

Demonstrated data distribution
from CERN to the Tier-1 centres
at 1.3 GByte/sec - the rate that will be needed in 2008

ATLAS and CMS can each transfer 1 PetaByte of data per month
between their computing centres

Running ~2 million jobs each month across the grid

The distributed grid operation, set up during 2005, has reached maturity,
with responsibility shared across 7 sites in Europe, the US and Asia

End-user analysis tools enabling “real physicists” to profit from this
worldwide data-intensive computing environment
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Backup

More on simulation



~2 MB/event

~100 kB/event

~10 kB/event

~1 kB/event
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Detector digitisation
10° events/yr * 2 MB =2 PB/yr

Pattern recognition information:

Clusters, track candidates

Physical information:
Transverse momentum,
Association of particles, jets,
(best) id of particles,

Relevant information
for fast event selection
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Propagating in a field %

Charged particles follow paths that
approximate their curved trajectories
in an electromagnetic field.

It is possible to tailor

the accuracy of the splitting of the curve into
linear segments,

the accuracy in intersecting each volume
boundaries.

These can be set now to different values
for a single volume or for a hierarchy.
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Electromagnetic physics

Gammas:
Gamma-conversion, Compton scattering, Photo-electric effect

Leptons(e, u), charged hadrons, ions

Energy loss (Ionisation, Bremstrahlung) or PAI model energy loss,
Multiple scattering, Transition radiation, Synchrotron radiation,

Photons:
Cerenkov, Rayleigh, Reflection, Refraction, Absorption, Scintillation

High energy muons and lepton-hadron interactions

Alternative implementation (“low energy”)
for applications that need to go below 1 KeV
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Antiproton annihilation - CHIPS Model
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Simulation ‘packages’

Provides the means to simulate
the and
of an experiment.
As was realised by many in the past,

needed can be between
experiments (eg physics, geometry blocks) .

So it makes eminent sense to create and use a

That includes the common parts,

And enables an experiment to describe those parts
with are specific to it.
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Courtesy SOHO EIT

Induced X-ray line emission:
Indicator of target composition
(~100 um surface layer)
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CERN CenTre CapaciTy Requirements Tor all

Estimated Mass Storage at CERN Estimated DISK Capacity at CERN
7000
140
6000
120 ~ /
100 ~ 5000 :
8 OtherQ(perlmyﬁs
a 807 Other p 400 \ /
© B . >
E 60 experiments 53000
40 - /
20 - LHC 2000 LHC
0 T 1 T T \ \ \ \ 1000 /
[e0] (o2} o - AN ™ < Lo (o] N~ [e0] (o)) o
88888888888880,/
- - o o o N N N N N N N N 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year yoar
' C TONNN [ 37NN Q 20Y 1Q 1Y) |
processing K | | 25,000 34,000
Estimated CPU Capacity at CERN
disk PE b0 6.7
: 5,000
tape media  PE L 36 48
4000 Other experiménts
+Ann T/N 2 \/ 20 209
§ 3,000
¥ /
LHC
1,000 /
-— ,
0 T T T T T T T T T T Moora S IaW
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
year
22 AuyoucoTou 2016

58



Event Data
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Complex data models
~500 structure types
References to describe

relationships between
event objects

unidirectional
Need to support
transparent navigation

Need ultimate
resolution on selected
events

need to run
specialised algorithms

work interactively

Not affordable if
uncontrolled
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HEP Metadata - Event Collections

Physics : Run
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Detector Conditions Data

Reflects changes in I Version

state of the detector I

with time - = Time
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Distributed Analysis - the real challenge

Analysis will be performed with a mix of "official” experiment
software and private user code

How can we make sure that the user code can execute and provide a
correct result wherever it "lands"?

Input datasets not necessarily known a-priori

Possibly very sparse data access pattern when only a very few
events match the query

Large number of people submitting jobs concurrently and in an
uncoordinated fashion resulting into a chaotic workload

Wide range of user expertise

Need for interactivity - requirements on system response time
rather than throughput

Ability to "suspend” an interactive session and resume it later, in
a different location

Need a continuous dialogue between developers and users
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Actions during a Step

During each step

Each physics process is given the opportunity
to limit the step,
as is the geometry module (at a boundary), and
leading to the decision on this step’s length.

Physics processes are allowed to apply their
effect

If they occur along a step (‘continuous’)

If they caused the ‘hard’ event that limited the
step (‘discreet’).

22 AuyoucTou 2016 |. ATrooTOAQKNG 63



Actions during a Step (cont)

During a step (continued)

An (optional) user-written ‘action’ is called,
Which can be used eg to create histograms or

tallies.

If the current volume contains a sensitive
detector, that is addressed, allowing it eg

to recorc
to recorc

In genera

the energy deposited,
the exact position

to create a *hit’ that store all

information that is relevant for that detector .
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Actions during a Step (cont)

During a step (continued)

A parametrisation can be triggered (Geant4)
Taking over from ‘detailed’ simulation
Generating directly several hits

This application-specific operates instead of ‘normal’
physics processes until it returns control and/or
resulting particles for further ‘detailed’ simulation.
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