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HEP Grid

— Purpose of HEP

— Complexity of HEP

— D@ (Fermilab) and CMS (CERN)

— An avalanche of Data

— Grid: A New Computing Architecture
— Brazilian Initiatives

— Future Outlook
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High Energy Physics Complexity

« HEP has some singular characteristics:

— Has a very complex instrumentation (hardware, electronics)
— Requires the expertise from several different areas

— Involves large collaborations from widely spread institutions
— Yields very complex events (collisions)

— Produces an enormous amount of data

« HEP needs:

— Efficient communication among all over the world
— Very large computer power
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Tevatron at Fermilab

— World’s highest energy
E=1.96TeV
Luminosity = 0.7 b
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Tevatron Components
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D@ Control Room
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Tevatron/D@ Trivia

e Synchrotron with 6.28 km

« 1,000 Superconducting magnets

« 36 proton/antiproton bunches

« 27 (8) X 10'° nucleons/bunch

« 396 ns between collisions

« 3,000,000 collisions/second

« Budget US$ 300 millions (40% HEP)
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20 meters long

9,900 tons

800,000 electronic channels
1,500 km of wires

Software:
700 Packages
2 GB of Code (5.3 GB executable)
2 GB of Libraries
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The D@ Collaboration

18 countries

North, Central,
South Americas
Europe, Asia

73 institutions

33 US
40 non-US

646 physicists

334 US
312 non-US
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Physics Program

* 53 Higes signal @ my = 115 GeV G
* 3 Higgs signal @ my = 115-135, 150-175 GeV
« Feach ultimate precision for top, W, B physics

* 30 Higgs signal @ my = 115-125, 155-170 GeV G

» Exclude Higgs over whole range of 115-180 GaV

* Possible discovery of supersymmetry in a larger fraction
of parameter space

Run Ilb

« 3g Higgs signal @ my = 115 Gey G
# Exclude SM Higgs 115-130, 155-170 GeV G
+ Exclude much of SUSY Higgs parameter space
+ Possible discovery of supersymmetry in a significant
fraction of minimal SUSY parameter space
{the source of cosmic dark matter?)

Measure top mass + 3 GeV and W mass + 25 MeV

Directly exclude my = 115 GeV G

Significant SUSY and SUSY Higgs searches 2005
Probe extra dimensions at the 2 TeV (10-12 m} scale

B physics: constrain the CKN matrix

Run lla

* |mproved top mass measurement

* High pt jets constrain proton structure

» Start to explore Bg mixing and B physics
* SUUSY Higgs search @ large tan 3

‘L » Searches beyond Run I sensitivity
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II‘ 36 Nations, 160 Institutions, 2008 Scientists and Engineers (November 2003

TRACKER
yél{lGl.ﬁEFTi&DEATA Austria, Belgium, CERMN, Finland, France, New Zealand

Germany, ltaly, Japan® Switzerland, UK, USA
N CRYSTAL ECAL

N Belarus, CERN, China, Croatia, Cyprus, France, Ireland

e e y m\_: = :‘ Italy, Japan® Portugal, Russia, Serbia, Switzerland, UK, USA
. - I =2 s, -\
.h' J k \".
S \

Austria, CERN, Finland, France, Greece,
Hungary, Italy, Korea, Poland, —

(.
bl'd ‘:Q“\ir ¢ *
8 DAY 1] PRESHOWER
Armenia, Belarus, CERN, Greece,
India, Russia, Taipei, Uzbekistan

RETURN YOKE

Barrel: Czech Rep., Estonia, Germany, Greece, Russia
Endcap: Japan®, USA, Brazil

SUPERCONDUCTING
MAGNET

All countries in CTM5 confribute
to Magnet financing in particular:
Finland, France, Italy, Japan®,
Korea, Switzerland, USA

" FORWARD
CALORIMETER
Hungary, lran, Russia, Turkey, USA

HCAL
. Barrel: Bulgaria, India, Spain®, USA . MUON CHAMEBERS
Total W'E‘"_E]ht : 12500 T Endcap: Belarus, Bulgaria, Russia, Ukraine Barrel: Austria, Bulgaria, CERN, China,
Overall diameter : 15.0 m HO: India Germany, Hungary, ltaly, S pain,
Overall length 215 m Endcap: Belarus, Bulgaria, China, # Only through
Magnetic field : 4 Tesla Korea, Pakistan, Russia, USA industrial contracts
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CMS Detector
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Particles in the CMS Detector

| I I | [ [ | [
Select; om 1m am 3m am Sm LA m
Muon
Electron

----- Neutral Hadron
— Charged Hadron _
wemeem Phofon ¢

Silicon
Tracker

Electromagnetic

K }'II l]l Calorimeter

Hadron Superconducting :

Calorimeter Solenoid =

Iran return yoke interspersed i

Teansverse dlios with Muon chambers 3

through CMS .
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CMS Trigger

Collision rate 10° Hz

J Level 1 selected events 105 Hz

< Particle identification (e, u, jets, missing E)

\\*‘?

/?/ Level 2 selected events 103 Hz
Q‘v Clean particle signature (Z, W, ..)

—v
} Level 3 events to tape 102 Hz

!‘ Physics process identification

A
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Extremely complex events

Ho>Z(>puu)+Z(—>ppu)

15/May/2005

(+30 minimum bias events)
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Rates and Event Size

High Level-1 Trigger

High No. Channels
High Bandwidth
( 1000 Gbit/s)

N ; .
i ]
Py ' ’ 100 MByte/s
© KLOE o CDF |
c 104 I —_‘Dv H |
?;; W BaBar High Data Archives
s DF, DO (PetaBytes)

10° - H1 .

ZEUS
1500 MByte/s
104 10° 108 107

‘»EP Stored I
Event Size (byte) (After Level 3)
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LHC: The Exabyte Era

1 Caracter (letter, number, etc) 1 byte

1/2 Page of text 1 KB (Kilobyte) = 10° bytes

1 Book 1 MB (Megabyte) = 10° bytes
1 High Fidelity Simphony 1 GB (Gigabyte) = 10° bytes
1/20 US Congress Library 1 TB (Terabytes) = 1072 bytes
1/10 All the information in the Web 1 PB (Petabyte) =10"° bytes
1/5 All the information generated in 2002 1 EB (Exabyte) =108 bytes

 LHC: 1 Exabyte of data in 5-8 years

— Equivalent to 1.43 billion of CD’s
Stack of 1,857 km
4,700 Sugar Loaf
210 Mount Everest

15/May/2005 S. F. Novaes 20



Computer Power X Network

Processor Year Transistor

4004 1971 2,250
8008 1972 2,500 * Transistors doubles every 18 months
8080 1974 5,000
8086 1978 29,000 .
286 1082 s = Bandwidth doubles every 9 months
386™ 1985 275,000
486™ DX 1989 1,180,000
Pentium® 1993 3,100,000
Pentium Il 1997 7,500,000
Pentium Il 1999 24,000,000
Pentium 4 2000 42,000,000
Analogic 1985 9.600
Digital 1989-1994 256.000
Shared 1990-1993 1.500.000 i
1996-1998 4.000.000
1999-2000 20.000.000
2001-2002 310.000.000
2002-2003 622,000,000 Two orders of magnitude in 10 years
Lambda 2003-2004 2.500.000.000
2005 10.000.000.000
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LHC: Beyond Moore’s Law

1 KSI95 =10 Intel P4 2GHz CPU

Estimated CPU Capacity at CERN
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Grid

 "A Grid is a collection of distributed computing resources available over a
local or wide area network that appear to an end user or application as one
large virtual computing system. The vision is to create virtual dynamic
organizations through secure, coordinated resource-sharing among
individuals, institutions and resources.” (IBM)

« “A computational Grid is a hardware and software infrastructure that provides
dependable, consistent, pervasive, and inexpensive access to high-end
computational capabilities.” (Kesselman, Foster, 1998)

« Grid is a system that:

— Coordinates resources that are not subject to centralized control

— Uses standard, open, general-purpose protocols and interfaces (authentication,
authorization, resource discovery, and resource access).

— Resources are used in a coordinated fashion to deliver various qualities of
service, to meet complex user demands, so that the utility of the combined
system is significantly greater than that of the sum of its parts.

15/May/2005 S. F. Novaes 23



Hierarchical Tier Structure

e Tier0
— Record and distribute raw and
reconstructed data to Tier 1

 Tier1
— Permanent storage and ont ot
nine mne
management of data Sistem Sistem
— Provide Grid-enabled data service 100 MBytes/s ok Ghitele

— Data-heavy analysis and
re-processing data

— Provide to Tier 2: long-term storage,
management of the generated data,
support services (Grid expertise,

software distribution, maintenance) «(@ (@))

« Tier 2
— Grid-enabled disk storage
— Simulation

— End-user analysis

15/May/2005 S. F. Novaes 24



LHC Computing Grid Project

* A collaboration to deploy the computing
environment that will be used by the experiments
to analyze the LHC data

— Support for applications

— Development and operation of a computing service

— Exploits the resources available to LHC experiments
In institutes and universities around the world

— Phase 1: 2002 — 2005

Build a service prototype, based on existing Grid middleware
Gain experience in running a production Grid service
Produce the TDR for the final system

— Phase 2: 2006 — 2008
Build and commission the initial LHC computing environment

15/May/2005 S. F. Novaes 25



LCG Grid Operations Centre
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Sao Paulo Regional Analysis Center

 Funded by FAPESP
* Implemented in 3 phases

Phase | Phase | Phase
1 2 3
(2004) | (2005) | (2006)
CPU 50 115 180
Comp. Power
(GH2) 125 325 550
Storeng 4 12 12

(TB)

15/May/2005
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DOSAR

Distributed Organization of Scientific and
Academic Research

(350 CPU’s and 70 TB) Central Analysis

Center
(Fermilab)

= University of Texas at Arlington
= Louisiana Tech University

= Langston University iﬁg:;g;l
= University of Oklahoma s

» Tata Institute (India)

= Cinvestav, Mexico Institutional
» SPRACE, Brazil Analysis

= University of Kansas Centers

. Kansa.s State University Desktop
= Ole Miss, MS Analysis
» Rice University, TX Stations

= University of Arizona, Tucson, AZ

15/May/2005 S. F. Novaes 30



o
Ln b 3

5y

OU_O5CER w OSSR

LUHEP
v UMHEP

CUTA-DPCC & & LTUHEP

e UTA-SWIFT

| e

e,
R
AR
T SR
E T i

e

s
.,




SPRACE: One Year of Operation

Produced MC Events

4.000.000
3.500.000 |
3.000.000 [
2.500.000 1L 3.55 Millions of MC Events
2.000.000 — 1 1
1.500.000 —1 1 1
1.000.000
500.000

0 SDDDD}—I: iR

1 2 3 4 5 6 7 8 9 10 11 12
Months

Events

Data Recorded on Tape

1200,00

1000,00 -
800,00 11 1 b

600,00 - b

1.11 TeraByte of Data 400,00

200,00 —

Data (GB)

0,00 :.‘D‘D
1 2 3
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From D@ to CMS

Reprocessing of D@ Data

= Started on March 25"
Improved understand of the detector
Redo reconstruction of all data (~ 500 pb)
Running at Fermilab and remote sites
3,500 CPU’s (Plll, 1 GHz) for 6 months
10° events and 70 TB data

Open Science Grid

» OSG: US Grid infrastructure involving many labs and

e —

v universities

Open Science Grid . OS_G_ is cooperating with o.ther nationgl and interqgtional
Grid infrastructures to achieve global interoperability.

15/May/2005 S. F. Novaes 33



Thanks to our team:

Eduardo M. Gregores
Sérgio M. Lietti
Pedro G. Mercadainte
Rogério L. lope

And, last but not least, to
Prof. Gil C. Marques

for his strong support at the Physics
Institute of University of S&o Paulo




	HEP Grid Initiatives in Brazil
	HEP Grid
	Purpose of High Energy Physics
	High Energy Physics Complexity
	DØ Control Room
	Tevatron/DØ Trivia
	Physics Program
	LHC

