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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model is a quantum theory that summarizes our current knowledge of the physics of fur | particles and d by forces and by decay rates of Unstable particles)

matter constituents force carriers
FERMIONS spin = 1/2, 3/2, 5/2, ... BOSONS spin=0,1, 2, ...
Lep_tons spin =1/2 \ /Quarks spin =1/2 Structure within Unified Electroweak spin = 1 Strong (color) spin

Mass |Electric Approx. | e1ciric the Atom Yosg? [Bectic Name Mass | Electric
GeVl/c? | charge charge

Flavor Mass GeVic? | charge GeWic?

charge
GeVic? | Quark
Size < 10-%m

.@ ¢ i Colaor Charge
NUCIGH‘S E,LEEE::(]\?". Only quarks and gluons camy *strong charge®
Size = 10 m“‘-; - B {also called “color charge”) and can have strong
Fien 0.106 q Iinteractions. Each quark carries three types of
E x : — . _d color charge. Thesa charges have nothing to do
pers— = € ; with the colors of visible light. Just as electncally-
i et 04-0.14)x10-9 et charged particles interact by exchanging photons,
o in strong interactions, color-charged particles
1777 { 3 d interact by exchanging gluons.

oo ((0:009-0.13)x10~

T
) Quarks Confined in Mesons and Baryons
*Sea tha neulnno paragraph below. Quarks and gluons cannot be Isolated — they are confined In color-neutral particles called
Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which s the quantum Size = 107%m hadrona . Tius corffinement {binding) résukts t:0m muitipla expiisnges of s among he
color-charged constituents. As color-charged particies {quarks and gluons) move apart, the

tar mome: here h = h2r = 6.58x10 2% =1.05x10" ™
SOl eng e 1% o b R} S b AR S e 2 8 energy in the color-force field between them increases. This energy eventually is converted into
Eloctric charges are given in units of the proton’s charge. In S units the electric charge of the proton If the proton and neutrons in this picture were additional quark-antiquark pairs. The quarks and antiquarks then combine into hadrons: these
is 1.60x10 ¥ coulombs. cross, then the quarks and elech are the particles seen o emerge

The energy unit of particle physics is the electronvolt (eV), the energy gained by one antire atom would be abaut 10 km across. Two types of hadrons have been observed in nature mesons qJ and baryons qqq. Among the
efectron in crossing a potential differance of one voit. Masses are given in Gevic” many types of baryons observed are the proton {uud), antipraton (00d), neutron (udd), lambda A
(remember E = mc?) where 1 GeV = 10% eV =1.60x10""° joule. The mass of {uds), and omega I~ (sss). Quark charges add in such a way as lo
the proton is 0.938 GeVic? = 1.67x10 27 K make the proton have charge 1 and the neutron charge 0. Among

o . Properties of the Interactions the many types of mesons are the pion x° (43), kaon K- (53),

B (db), and ne (of). Their charges are +1, -1, 0. 0 respectivel
Neutrinos are produced in the sun, supemovae, reaclors, accelerator (db), e (oF) g L Y-
collisions, and many other processes. Any produced neutring can be = ]
described a5 one of three neutrino flavor states ve, ¥y, of ¥, labelled by the Weak Electromagnetic Stron

: _ _ ; g .
type of charged leplon associated with its production. Each is a defined 1 Interactmn{Elewcweak’ Interaction Interaction Pa rtl C'eAdventu re.o rg

quantum mixture of the three definite mass neutninos ¥ vy, and ¥y for o, 8
which currently allowed mass ranges are shown in the table. Further Acts on Mass — Energy Flavor Electric Charge Color Charge it chart has been made possible by the genarous support of
exploration of the properties of neutrinos may vield powerful clues to puzzles + : + U.S. Department of Energy
about matter and antimatier and the evolution of stars and galaxy siructures. Particles experiencing All Quarks, Lepto Electrically Charged Quarks, Gluons B = .

: U.S. National Science Foundatian
Matter and Antimatter Graviton

For every particle type there is a cormespanding antiparticie type, denoted by Particles mediating: il ched) Gluons Lawrence Berkeley National Laboratory

a bar aver the particle symbal (unless + or — charge is shown). Particle and 1078 m 10-41 25
antiparticle have identical mass and spin but opposite charges. Some Strength at { ks 1
electrically neutral bosons (e.g.. Z°, v, and 1 =cE but not K? = d3) are their 310~ m 10=41 B0 CPE Pweh_nrg

own antiparticles.
Particle Processes Unsolved Mysteries
Driven by new puzzies in our understanding of the physical world, particle physicists are following paths to new wonders and
These diagrams are an artist's conception. Blue-green shadad areas represent the cloud of gluons. startling discoveries. Experiments may even find extra dimensions of space, mini-black holes, andior avidence of string theory.

é Universe Accelerating? ' Why No Antimatter? ' Dark Matter? ' Origin of Mass? Y

& . . - . ——

w ' & - .
.:’, ‘\
‘G/' z (

Tha strangths of the interactions (forces) are shown relativa o the strangth of the electromagnatic force for two 1 quarks separated by the specified distances

Visit the award-winning web leature The Parficle Adveniure at

ete” — BOBO

L
-
& =

The expansion of the universe appears to be Matter and antimatter were created in the Big Invisible forms of matter make up much of the
accelerating. Is this due to Einstein’s Cosmo- Bang. Why do we now see only matter except mass observed in galaxies and clusters of 1o have masses, there must exist a part
logical Constant? If not, will experiments for the tiny amounts of antimatter that we make galaxies. Does this dark matter consis! of new called the Higgs bosan, Will it be discovered
via a virtual (mediating) W bason. This energy can annihilale to produce : 3 <
8 50 O 5 raveal a new force of nature or even exira in the lab and observe in cosmic rays? types of particles that interact very weakdy £00n7 IS supersymmelry theary comect in
is neutron P {beta) decay B? and BY mesons via a virtual Z
{hidden) dimensions of space? with ordinary matter? predicting more than one type of Higgs?

I boson or a virtual photen .

Afrea neutron (udd) decays to a proton An electron and positron
(uud), an electron, and an antineutring {antialectron) colliding at high
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mkEFermiLabTOHCDFEER
miE3
m)-PARCTD&EER
m2 [ - BE COSKIT2KEES SuperKamiokande
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Y 2. BIFNF—EEDTFREFFF (2)

mLERFEIFEDEERTIE
mAERMOERE = BFEHREOEIMNGIER = BREAN—TVER
mRABEDT—FAN—I LAIERE A (CPURE D) AL E
B RAMNAEFEITCTRELGHEERDIRTERETSONEHEIZHE-TINS,
mEFEARSMEREDOFHER S AT LBDIHRRANDBE,
B REOHAEETILHIEBEDFHEERELTHIOICEoT-,
YR T—OBEORELZTDERIE
m T AT T DOWAND BT — 2T O AT LATIEFRE
= Data Grid (Virtual Data Analysis System)
B CDFTIE. StEZBED LD EFNALNTEY D HEHREHTS MR,
m BaBarTl&. SLACECC-IN2P3()IV)EMNEIZH A,
m LHCTI&. BEE &%t o71-Regional CentersT#48,
B IRIE
mAEE L. EERERIDSBENT-KFFDOHAEZEICNVSIENZLY,
mECEEN - ERMAEBLRLHE#IRET, B EICIGLTULDTH, SHELEZY., ERL-YLT=LY,
mPHEFOMSNAEBROARE (L. O TILEEEBRERICEY. E—LEZRBFLTHLL., Z0D
T—RBHDHARETHENT D,
m The collaboration environment over WAN or Collaboratory Facility
m R TERLE-AEMZEREZ. ZROARENCEZILIZY. GlEITESEREREF,
m The Global Accelerator Network or GAN, suggested by ICFA.
BE KINEERBERLHCAILCTIE

n HAMREOLEARNTEDIRENDE,
mfEREK = Virtual Computer System, Virtual Laboratory
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@& 3. Large Hadron Collider (LHC) 4

w7 E A P—————
mHigesDER=>EBOEE ? R T —
BADNDEEREE
mALTAS, CMS, ALICE, LHCb
W20054F

iR H 35 FE A A A
mT—3FvL >3

M20064
miEHIE_aIv a2y
BT —3FvLT4

M20074EE :
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£ 3. Large Hadron Collider (LHC) S£4%(2)

W [ s 72—

CERN/Outside Resource Ratio ~1:2
TierO/(Z Tierl)/(Z Tier2) ~1:1:1

~100-1500
MBytes/sec

. CERN Center i
T|er O +1 PBs of Disk;

Tape Robot

Online System |

Experiment

Tier 1 ~2.5-10 Gbps

IN2P3 Center .@ W Cnencenter D @ »---
/ 2.5-10 Gbps
Tier 2
~2.5-10 Gbps _Tier2 Center ) Center_Jnter_Xenter_Zenter
] ww Tens of Petabytes by 2007-8.

Physics data ~5-
oS =S 30 f.\‘,o 1to 10 Ghps An Exabyte ~5-7 Years later.
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L ESVINPASI: 3 Tk

mDedicated 10 Gbit link

Wi EE
RV E 1 —T 4T ETILDTierl
mAAR0A7  T—H2~N—2X VOBOX

mE
me R AN EFSAIOVRT L
mCIC (Core Infrastructure Center)

mInfrastructure services

mVO services : VOMS

m\V/O-specific services : replica, VOBOX etc
mGrid Operation Center

mMonitoring

mControl of production

mSupport to ROCs
mProblems cannot be solved by a ROC

BN TOEFEm=T DIIKRE,

H1942H208: NAREGIS VRIS L

3. Large Hadron Collider (LHC) SE4#(3)

Tier-2s and Tier-1s are

i ed by the al
e[
Tier-2

Tier-2

mRegional Operation Center

mCertification
mCertify the middleware installation
mCustomization, local configuration, testing
mManagement
mCoordinate upgrade of middleware in the region
mKeep repository of RC configuration
mCertificate and verify RC sites
mGrid support
mProvide support for users and RCs
mProvide knowledge base
mUser problem resolution by ticketing system

BIRIILF—52EFTHDataGrid 8



£» 3. Large Hadron Collider (LHC) SE4#(4)

MTierltz> 22—

LHC Tierl Planned to be pledged in 2008 Experiments served with priority

Centers CPU (KSI2K) Disk (TB) Tape(TB) WAN(Gbps) | ALICE ATLAS CMS LHCb
TRIUMF / Ca 1270 740 480 10
CC-IN2P3 / Fr 6770 3800 3460 10
FKZ-GridKA / de 7140 3300 3470 20
CNAF /it 5500 2500 2100 20
SARA/NIKHEF / nl 4380 2500 1810 10
Nordic Data Grid 3960 1400 1070 10
PIC /es 2250 1200 1420 10
ASGC / tw 3400 1500 1300 10
RAL / uk 2710 1500 2070 10
BNL / us 5300 3100 2020 20
FNAL / us 4260 2000 3220 20

B R KFEERAFYELZ—ICEPP: Tier2
BWLCG-MOU: Z4 : H X{H1200653831H. CERNEI4B10H

@)

O

O|0O|0O|O|O0|O|0]|0|O

ICEPP / jp 1000 200 2000 x

RERHARHEEMITICREEDERZRM
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@) 3. Large Hadron Collider (LHC) SE££(5)
B CCH—ERF¥rLIUY

05F4F-SC2 =T
V568 - TI7=hILTHA s LiKR—F
‘05478 - SC3 i 1EREIR
‘05498 - SC3I @Az —X

‘OSFI12A -5 4 7-1 v b O—2 EMABAK
- KHAGIEIE$#E~750 MBytes/sec Tlc

T 06548 - SC4 FXTAEIASR

‘0655H - SC4 @M 7 = — Aflsé

06498 - MYDLHCH—EANERTEER
- XKHHREIEEEA~1,600 MBytes/sec Tt

‘748 - LHCH—F A EBRET
2005 | 2006 | | 2007 2008

sc2 — I s; : Bt \

SC3 FER  BOONEXR HRARRTLRE
SC4 - m At L
- LHC H—E Rl [f m——
— B

— A SC2-H—FAFwL2L 2 SCIl=-H—FAF» LYY SCA=-H—EAF v L4
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||.:r. Grid Projects Collaborating in LHC Computing Grid
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Y 4 KEKTDGrid ™ DERYFE A

4.1. KEK B Z7Z,)—:Belle L

mRE
mH 6FEFHEKE., EKEAR
mH 11 EEEERFIS

BH1S5EEHRA RS DHETEEEZER
mH18F 12 B £ TIZ710fblDTF—4%EFE

mE

il F - RAFOPEEADEEDER

MCPOBNZEFHER
m/NiR- 2 ) || B R SR AL

B FREDBRRRRZEZANT

LUV ERIFIES,
i

mE WL/ U TADEF-IGEFEE

BA00EB Mo/ HEEF—L
mtt 5134 [FH - 56 HEE
BKESLACEDHL VGRS
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8GeV e- / 3.5GeV et
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SC Solenoid
CsI(TI) ] : .5GeV e*
Calorimeter =t ;"
TOF Counter —__ N - e
N N i = gl
e
e 3 e [ .
- T - L
e Drift Chamb
_— s

Silicon Vertex o
Detector KiLMuon Detector

General purpose detector for various B/charm/t physics.
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€Y 4. KEK TOGrid ADRRYA(2)

4.1. Belle%',ﬁ'(Z)
mIR7E 1 PBOEERT—2=>3F (L 2~3PB

BPeak Luminosity
ml.7 X 103 cm~2st
mEFEL 7=Luminosity :
m 2006F12 A 377 : 710 fb?
mlfb-l/day ~ 1TB/day
mlfb! ~ 106 BBA Nk
W2007 &2
a5 vETFAEEA
mLuminosityM2{Z(275 5 ___—

1999 2000 2001 2002 2003 2004 2005 2006
N H 16 8 ﬁ ~ year

BSRBZ{# > TBelleRERSMEEATT —4H A
mKEK, U. Melbourne (Australia), & & & B X%
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€Y 4. KEK TOGrid N DR YFA(3)

BT EH AT LA
mEBRR AT L ER18E2 A 208 FEH
it EHE#RTL mT VYR AT L mA— LU AT L
mBO7OM)—EtEB R T L ERI8EIA23BEH
mCPU : 45,662 SI2K mDisk:1PB m Tape:3.5PB
mEE 18]
mKEK Grid CA
BAPGRID PMA 2%, 200651 A M oiER.
B HARTIEB®DGrid CA

B NAREGI CA software % {& fH
B KEK BB ZF L HERFIRAENFIFAATEE,
e FEERRATLADT ) YRR T L
BLCGESRBZEHH
B FrE SRR v —
m \WN: 36 nodes x 2 =72 CPU

m Storage: Disk (2TB) + HPSS(~200TB)
m Supported VO: Belle, APDG, Atlas_J
m:E AR FER18ESA ~
BEE2HA(H19%& ~)
mBO7 /K )—RERICLCGZEA
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£9 4 KEK TOGrid ~DRYFA4)

AS(Taiwan)

Kracow

Melbourne

QATCG/gLit‘e

Nagoya

BmData Trans in Belle Grid

SRB-DSI

CRC-01 CRC-02

=

Grid-system

H1942H208: NAREGIS VRIS L

:

server

Disk/HSM

B Factory-system

File servers
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£ 5. KEKTDNAREGI DERY#H A

X HEF ABBEKEK
BHEFEAELETHSIENDKEDGRIDIRIEE HEZIE

B AROHEHE. FCKFOMEZIZIX, ITOEMARZYINEEIZELY,

BGRIDEFILDI7IE. EAERADIRMIEREIZKELY,

0 S>FHAEEZEOAENDLZOGRIDIRILYITHAEENS,

B E[E X R AZE=EGEE, OSGZ &Interoperable THAHZENNE
BENAREGI~DEIF

BAAREIZLDYR—F

EREZRICLAECTLLY

EEALANIILDRERIE. T 2%45FR1ITAK

BNAREGIMNEGEEROSGEXM FHZIR LY TIZE>TALLY
BENAREGI&gLite& D Interoperability~ D HARF
BERNII—Y(X. NAREGIZE->T., LCG(gLite+ o ) D F| FAHE RS 17 3R =] e
B GRID divide (new digital divide) H5 il
B IRI/)ILF—7EH T, BRIEZGRIDTENZEROTLS
Wil time zonelZWS 7 U7 KREFFHENDNAREGIDE K D el getE
BKEKI&. NAREGI® Interoperability~DEY A& ZH K BBRYH 1
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£ 5. KEK TONAREGIADERYFA4(2)

WIST-CNRS# B #AZE
BB A :NAREGI, KEK  {hf8l: CNRSDO#ZE T
WEIRIT—YavT  FER184F6H2324H12/\1)
BCC-IN2P3(Lyon)EKEK &M £ R #FZE
mE#:
BNAREGI &gLite® Interoperability D7 X +
BO7AIVEFESITOHRERA
BKEK-CNRSHFZE 1% 17 7E (AIL)
BEFGI8EEM LRI
RERMAET—IENEH. BEE
BKEKETER ¥t 2—ECC-IN2PIETHERIRE
BNAREGI &gLite® Interoperability®d7 X+
BILC (International Linear Collider) 12§14 Data Grid#8 D& &
BCSIEENHT
BHEPnet-JZ 1 &89 AL DGVOZIRE
mHepNet-JIZData GRID#BZ &5

BEILK/FEK/ MR X/[GEITK/4HEKXR/KEK
BLEIILCGER—R
BNAREGI&gLite& O Interoperability S SERL L 1=BEIZ (X, NAREGIZHB1TFE
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€Y 5 KEKTDNAREGI~DERYEEA (3)

BNAREGI-beta TARNYE
W5nodes+3nodes(DG)
B4 A A H nrg00| portal node:
W Naregi-beta 1.0 : Nov. 2006
M|nformation, PSE, WFT, GVS
BNaregi-DG : Feb 2007

.7()':'7“51\%?:{7_';(# DG MCS nrg02 Inforamtion Server:1S
WP152 (EA4>) RBRT — 2T o

nrg01 Super Scheduler:SS

— oam 09
BT —38EHT 9 v Grid VM Sever:GVM
BAEHT$EEASRB-DSI#2ET DGRMS MM9P% GridvM engine node-1

(Resource Manag.)

SRBIZ#&#H
HBelle event simulation nrg05| GridVM engine node-2
Winstallation ok, 7 X kg

User Manag. Serv.: VOM:

nrg03

H1942H208: NAREGIS VRIS L SIRIILF—oEFTODataGrid



€Y 5 KEKTDNAREGI~NDEYEEA (4)

BKEK TCOGridizis 2007.2.9

= =
- —

S0 5

_ 1000 O OO
Naregi-kek : 000 S OO
LT ””""""”Ji ||||||||||||||Ji (T

gLite/ gLite/
CRC-01 CRC-02

—-— =
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&Y 6. F&D

W HCXER

W2008 5 & : EEREALA

B\WLCG (World LHC Computing Grid) : #4a#{&5E T
mBelleEER

BHETEH AT LEA

B RTLIRE . LHCOTierl€24—L AL lSINET/SuperSINET:
B CGIZ&AGrid

BU31L—ayTF—AES MG TRA BB REA TS
MITRERBT—2LHA, U3T OHERA J fl" RRIREATF
BHepNet-JIZGridf DB E(CSIFE %) BCSIEE
BRI K/ FRK/MEX/ILEIXR/ATHEKXR/KEK - P
lKEK’GO)IiIRAREGI E@~é%§€§§<§ﬂ'f#

mKEK Grid CA (APGRID PMA) T AR s FT e g
m20064E1 8 7558 A, NAREGI CA % {3 JESAEEES PO

ENAREGI-beta TRARNYK X EICKERRSBILET,
BT —2F7TAT S LTTRE
BMSRB-DSITSRBEDE & HEE
BENAREGI-DGZF#iHIAH H
m5E
BENAREGI-DGDOTAK
mgLite& D Interoperability®7 X
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