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CERN

Conseil Européenne pour la Recherche | ucléaire

BriepBble nagesi cosgaHnst ooLeeBponenckoro ueHTpa dousnkm
YyacTuy, bbina nybnuyHo BbickadaHa Jlyn oe bponnem B 1949 r.

(13

... a laboratory or institution where it would be possible to do scientific work, but
somehow beyond the framework of the different participating states.

... this body could be endowed with more resources than national laboratories and
could, consequently, undertake tasks... beyond their scope...”

Collaboration could be easier due to the “true nature of science”

This kind of cooperation would serve also other disciplines
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OpraHunsaymoHHas ctpyktypa CERN
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3aperncTpmMpoBaHHbIE YYACTHUKN HAYUHbIX
nporpamMMm CERN.

Distribution of All CERN Users by Nationality on May 1, 2001

il United States {fiF,
of America 7

348

ﬁ"‘m = 14

. =
AUSERALIA 12
NEW ZEALAND 2

LATIN AMERICA

BRAZIL 27
MEXICO 13 51
SRGENTINA 4 OTHERS EUROPE M
COSTARICA 1 : ROMANTA i AFRICA MIDDLE EAST :
CUBA 1 TS APAN 103
ECUADOR 1 UiARLS & 36 |israrr w7 309 AL
UKRAINE 21 MOROCCO 15 |1 4
EL SALVADOR 1 INDIA 70
SLOVENIA 15 ALGERIA 7 CYPRUS 2 ASIA
VENEZUELA 1 ; CROATIA 14 $OUTH AERICA S5 |LEBANON 2 KOV{,{EA 30
YUGOSLAVIA 13 ORDAN 1 TAIWAN 10
MEMBER STATES IRELAND e TU%ICI‘ZES; J PAKISTAN 10
AUSTRIA GERMANY ICELAND 2 CONGO 1 NORTH KOREA 3
BELGIUM GREECE PORTUGAL ESTONIA 2 MALI1 |GEORGIA 27 HONG-KONG 2
BULGARIA HUNGARY SLOVAKIA GIBRALTAR 1 NICERIA1 |TURKEY 24 MALAYSIA 2
CZECH REPUBLIC ITALY SPAIN LITHUANIA 1 SENEGAL1 |ARMENIA 22 BANGLADESH 1
DENMARK NETHERLANDS SWEDEN MALTA 1 AZERBAIJAN 4 PHILIPPINES 1
FINLAND NORWAY SWITZERLAND MOLDOVA 1144 UZBEKISTAN 2 SRILANKA 1
FRANCE POLAND UNITED KINGDOM ] kazaknstan 130 VIETNAM 1




ITonst/cunel B [Ipupone

> MWM3BecTHDLI 4 THIIA TOJIEH/CHIT:

1. F'paBUTaUNOHHOE

2. AnektpomarHuTtHoe (AM - K3[)
3. Cnaboe

4. CunbHoe

EcTecTBeHHOe cTpeMneHMe Hayku — NOHATL npupoay U
NOCTPOUTbL TEOPUIO €ANHOO0OpPa3HO ONUCLIBaKOLLYIO BCe

NoJiA.
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OCHOBHBIE XapaKTEPUCTUKHU ITOJICH/CHII
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JlnarpamMmbl B3aUMOIEHUCTBUA

YeTbipexdepMmnoHHOE
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" JE———
cTopua cTaHOBNEHUSA Teopun (3NEKTPO)cnadbIx
B3aMMOOEUNCTBUMN.

» (Camoe «M0J00€» M3 U3BECTHHIX 4 THUIIOB B3aUMOJACHCTBUS — cllaboe (pacma
sanep- bexkkepens 1896r.)

» IlepBas Teop.Mozaens — yeThipexpepMuoHHOe B3auMoaercTaue (3.Depmn).
ToueuyHoe B3aumMoiercTBHE. XOPOIIIO ONMMUCHIBAJIO MEPBBIE dKC.JaHHbIe, HO:!

— [IOYEMY B OTJIMYUU OT DM U CUIIBHOTO — TOUYEYHOE?
— Kak OMUCbIBATb MHbIE KpOMe [3 pacniajoB HEMTPOHA U MPOTOHA MPOLECCHI ?

> Ecnu gonyctnte 06MeHHY0 Npupoay Cn.B3-Us, TO HApA4Y C 3apsPKEHHbIM
nepeHocynkom (W) gormkeH cylectsoBaTb U HenUTpanbHbin (Z,). Kpome
TOro 3TN NEPEHOCUUKM OOMKHbI ObITb «TskenbiMny (~ 100 GeV)

» HO npoaHanuanpoBaB MMeloLLMECS SKC.AaHHbIE OOHAPYKUMN, YTO
NMpOLIECChI 32 CYET HEWTPArnbHOro ToKka HMKoraa He Habnoganuch !



" A
icTopus ctaHOBNEHNS Teopun (3neKkTpo)cnadbix
B3anMoOeNCTBUMN.

> [Ona npamoro novcka W u Z HyxHbl yckoputenu ¢ E_ >100 GeV, koTopbix B
9TO BpeMs eLle He cywecTtoBaro (~1970r.)

» [loaTomy eanHCTBEHHAsA BO3MOXHOCTb COCTOSASA B MONUCKAX «KOCBEHHbLIX»
NPOSsIBNEHUI — MOUCKOB MPOLIECCOB, MAYLKMX 3a c4eT cnabbix TokoB (HCT).
OcHoBHas akcn. npobnema — yHuepcarnbHoCcTb OM 1 cnabbix B3-Un
BCneacTemne 4yero — nogasnsowmnm doH ot 3M npoueccos, KOHCTaHTa
B3aMMOOENCTBUSA KOTOPbIX HA 3 nopsigka 6onbLue.

» OpgHa u3 Bo3amoxHocten — nonck HCT B npoueccax pacnagos,
3anpeLleHHbIX 3a cieT OM B3ammogenctTeus. K atomy BpemeHn Obinn
OOHapyXXeHbl «CTpaHHbIe» YacTubl (K-Me30HbI), KOTOpblE POXAANUCh
TOSIbKO Mapamu, 4YTo ABMAETCS BECKMM NPU3HAKOM NPOSABAEHUS eLWE OgHOro
KBAHTOBOrO 4ncria (CTpaHHOCTU; S-strange ), npucyLlero 9Tum Yyactuuam.

» 3TO KBAHTOBOE YMCNO CTPOro coxpaHsnocb and OM n CUnbHbIX B3-UIW, HO
MOFJI0 HapyLlaTbCH B CradbiX.



[Toucku pacrmaga K'> wtr + e+ e

e+L(

SAHPRIHEH !

(HapyLwieHune cTtpaHHOCTH
B OM B3anmogencremnsx)

a.Mars.

e*L(
(Y

Caab. 3apsk.
TOK

He obHapy»eH
Ha ypoBHe 10512

Ol/é
n+Z/'

K+

Caao.
Heurp.ToK




" A
|
icTopus ctaHOBNEHNS Teopun (3neKkTpo)cnadbix
B3anMoOeNCTBUMN.

» OcTaBanacb nocriegHsasa Hagexaa — nouck npoueccos HCT Bo
B3aMMOOENCTBMM YacTuy obnagaroLmx TonbKoO crnadbim

B3anMogencTBnemM (HEMTPUHO V )

B3anmopgencremne HEUTPUHO C BELLLECTBOM (agpoHamm)

Hadrons Hadrons

Z0
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Kak nony4aloT HEUTPUHO Ha YCKOpPUTENSAX

ApepHagd
MULLEHb

.

[

/

MNornotTuTenb -

[MpOTOHLI OT
yCKOpUTEns

BTopu4Hbie YacTuubl

B OCHOBHOM TT
ME30HbI- pacrnagHas
6asa)

[My4ok v,

/

Vi

KkcnepumeHTbl no noncky HCT
ObiNn BbINOMHEHbI B 1973r:

* B CERN -(ny3bipbkoBaga kamepa
GARGAMEL) u

* FNAL — (HENTPUHHBIN OETEKTOP)
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CxemMa HENTPUHHOIO JeTeKTopa

MIOOHHbLIN cneKkTpomeTp
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CxemMa HENTPUHHOIO JeTeKTopa

CYeTuynK aHTUCOBNaaeHUN

m

Moaynn HC-AgpoHHOro kanopumeTtpa

i

TpurrepHble TopouaganbHbie
CUETHUUKM Xenes3Hble MarHuTbI



" JEE————
CxemMa HENTPUHHOIO JeTeKTopa

CYeTuynK aHTUCOBNaaeHUN

Hadrons Hadrons

Z0
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Pe3ynbTaTbl 3KcnepumeHToB 1973 r
B CERN n FNAL

CERN - Gargamel (CF,Br) FNAL — HenTpuHHBIN

®  Bbifo nony4yeHo: CneKTpomMeTp
3apeructpupoBaHo 991 ogHo
B nyuke V, - 80*10° ¢poTo coObITMe B3aMmoaencTBuA

<

HEUTPUHO U3 HUX:
B Ny4Ke . 20010 doTo

771 co6. ¢ ' B KOHEYHOM COCTOSIHUM U

Cpeaun HMX ObINIO HANOEeHo
220 co6. 6e3 U B KOHEYHOM COCTOSIHUMU

428 co6 ¢ I B KOHEYHOM COCTOSIHUU

N 102 cob6 6e3 ! B KOHEYHOM COCTOSIHUM



B 1979 r. S.Weiberg, A.Salam n S.L.Glashow 6bina
npucyxgeHa Hobenesckasa npemMmusa rno pusuke

«3a WX BKNag B Teopuiw eauHoro cnaboro wu
9NEKTPOMAarHMTHOro B3anMOOencTBuUs Mexay
9fieMeHTapHbIMM YacTuuamn, BKNOKYad npegckasaHue
crabblxX HeENTPanbHbLIX TOKOBY




JKCnepuMeHTaribHoe HabnraeHne NMPOMeXYTOYHbIX

BEKTOpPHbIX 6030HOB - W*, W- n Z2°

m K MoMeHTY oTKpbITUs HCT Hanbonee MOLLHbIMWN YCKOPUTENSIMU Ha
3emrsie bbbl (CTpoOUnueh)

LeHT NUma Fon YacTuubl s gl-l\llleprm|
P 3anycka “ (E), GeV (E), GoV
CERN | SpS [1976 Mpotoubl | 400 28
FNAL |Tevatron|1985 Mpotousl | 1000 45

MakcumanbHo goctmxknmas aHeprma B CLUUM ona obonx ns Hux (28 n 45 GeV)
6bbina HegocTaTtodHa ans noncka W n Z. CTpontenbCTBO MPOTOH-NMPOTOHHbIX
Konnangepos niaHmpoBanock Ha 80-e rogbl.

[MosaTtomy B 1976r. Carlo RUBBIA, P.Mclntyre n D.Cline npeanoxwunu

pekoHcTpynpoBaTb yckoputernib CERN B NpoTOH-aHTUNPOTOHHLIE Konnangepsbl !!




Npoes 6bina 3anMcTBOBaHa U3 yXKe MMEKLErocs onbiTa Co34aHus e€*e” BCTPEYHbIX
MY4KOB.

durkcnpoBaHHas MULLIEHb BcTpeyHble nyyku
M
e O e T ——
3P m, EP, M, E,P,

E. .=V (m2+2E, M+M2)
m~M<<E,

E =V (2E,m) Een=E+E,=2E
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YctaHoBku ans noumcka W+, W- n Z2°
(UA1 n UA2; CERN)

P+P> W:+ X




OT 0OHapyxeHuA K geTaribHOMY U3Y4YEHUIO




Large Electron Positron collider

¢ Electron

—p ¢ Positron

L3 | | o




Direct measurement of m(ve)

super—allowed
Tritium B decay: *H — *He* +@+ Ve E,=18.6 keV

t.,= 120 @
== i i T3
1 i 3 consl. offset ~m?(ve)
— I 3 2 2
5 ¥ =7 |UC| m’
o 0.8 [
- I g 5
) i = r
5 0.6 s |
: 389 i — 4_ -
= i =
s 0.4
g | 2 |
0.2
i Or
05 10 15 THge— e F BE I 18 -1 —.» b hB
enerqy £ L[keV] E—Es eVl
" Need very high energy resolution &
very high luminosity & }:> MAC-E-Filter

\ very low background




[TOHATME «HEBUANMOW LUNPUHbBI»
(Invisible width)
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DELPHI

8 89 90 91 92 93 94 95
Energy, GeV
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eporton the CERN

8th ICFA Seminar
28 September - 1st October 2005
Daegu - Korea
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Accejerator chz in\of CERN (operatina or approved proiects)
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THerarge Hadron Collider



"
Project Large Hadron Coll |der

The Large Hﬂdl"{l

Proton- Proton Collider

TTeV + 7TeV

; first targets:
|::> <::| v *Higgs boson ()
' Supersymmetric Particles

Luminosity = 10%4cm—2sec! *Quark-Gluon Plasma
*CP violation in B

04072001 L. Mlaiani What iz CERT
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The LHC PrOJect Leader Lyndon Evans)

37



First cryodipole lowered on 7 March 2005
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Transport in the
tunnel with an
optical guided
vehicle




Arrival on installation location




Transfer on jacks




Preparation of interconnect




LHC installation & commissioning

®  Main objectives:
terminate installation in February 2007
first collisions in summer 2007

®  The industrial production of standard components is compatible with
this objective.




LHC commissioning schedule

T
n-0<4  Agr0d Jul-04

QOctant
test
0104
to
3108

Oct-04  Jan-05 Ap:'

Last dipole
delivered
3103

-5
3

T
Jdul-05 Oct-05 Jdapg-06
Y

312

Ring closed
and cold

First
beam

| 0102

PR T T

Apr0G Jul-06
r

Pilot run

0104 to 3004

T T T T T
Oct05 Jan-07  AprO7F dul-07 Oct-07

Physics
run
7 months Pbh-Ph run
L=2x10 6 weeks




The Detectors

Very remarkable: experiments will, in this environment:

sreconstruct secondary vertices from B mesons, only mm's
away from the primary vertex.

sreconstruct individual photons with sufficient energy
and angular resolution for (light) Higgs detection

in addition to many more capabilities: they are 'general

purpose - 4r' detectors, featuring tracking, magnetic
momentum analysis, calorimetry, muon spectrometry, in
an almost hermetic setup



YctaHoBku LHC

040742001 L. Maiani What iz CEREIT
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Muon Detectors Electromagnetic Calorimeters
!

. Forward Calorimeters
Solenoid

; Inner Detector : ieldi
Barrel. Toralc Hadronic Calorimeters Shlelding




Barrel Toroid construction status

All surface construction and testing work in Hall 180 has been completed
The mechanical installation of the last coil is shown on the next slide

Currently the warm structure is being completed, as well as the so-called
cryo-ring connecting in series the 8 coils (vacuum, cryogenics, conductor)

The first cool-down is scheduled for the end of the year, followed by an
excitation test beginning of 2006



ATLAS shaft and service cavern

. il i L SALS - Sepirnber &5, TSk - RS ST F

04072001 L. Mlaiani What iz CERMT la
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" atker(sCT)
All four barrel cylinders are complete and at CERN, the integration into
the cylindrical support structure has started

.'r o

Outermost ATLAS SCT barrel cylinder before insertion into the support structure



PPN IR (out of the four) into the barrel SCT




" SBGrre! Calorimeter
The mechanical installation of the LAr and Tile Barrel Calorimeters in the pit has been
completed end of 2004 on the support trucks below the access shaft on the C-side

The installation of electronics and services is ongoing, including also services for the ID
The Barrel Calorimeter is scheduled to move into the completed Barrel Toroid end of October

In the meantime first cosmic ray events have been registered in part of the Tile Calorimeter as
shown in the event display below
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" EEEEEEEECMS Detector

(Spokesperson Michel Della Negra)
CALORIMETERS

ECAL HCAL
Scintillating o
COIL iz sandwich

y

TRACKER

Silicon Microstrips
Pixels

Total weight : 12,500 t
Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla

e

Drift Tube Resistive Plate Cathode Strip Chambers
Chambers Chambers Resistive Plate Chambers
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Progress in SX5: Barrel Yoke
Wheels

e P e ——

#eTipe ot [ Stafs [reADY
g single event? ¢ > event |1:2 Lpdate time (ms) "‘2nn -'zutc -nsx -Dvs/

£ T
L

| tmearay En Trg THETA

o s -

2 »)
o
<

data

0 foor
5 bigarcinbep  lop
Jo
Y, oo ‘'m
o g J
T
ihrehld () L
S DATA size
il (v =
£




= amseePiVitOnNS. LoLs dl
CSCs ins§>eg:5 60% (out of 396)

CSCs commissioned (cosmics): 40%
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(Spokesperson Juergen Schukraft)
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)ject leader Les Robertson)

Is about storing 15 PB (imagine!) of new
data per year; processing them and
making the information available to
thousands of physicists all around the
world!

Model: ‘Tiered’ architecture; 100,000
processors; multi-PB disk, tape capacity

Leading ‘computing centers’ involved
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B
n.. LCG

« The "Baseline Services" for the LCG services at startup have been agreed.
These are the basic services that must be provided at CERN, Tier-1 and Tier-2
centres, and have to be in operation for Service Challenge 4 in April 2006.

« A detailed plan for Service Challenge 3 has been agreed with Tier-1 sites
and the experiments. Service Challenge 3 is being prepared now and is
scheduled to open as a stable service including 9 Tier-1 centres and several
Tier-2s in September 2005.

 The deployment plan for the new CASTOR mass storage management system
at CERN has been agreed with the experiments, with the aim of completing
the migration of LHC to this system by the end of February 2006.

« The draft TDR for the initial LHC computing services is complete.
The final version will be published on 20 June.

The LCG project is taking an active part in the preparation of the proposal for
the second phase of the EGEE project (April 2006-March 2008). This will be an
evolution of the current project, with the major emphasis remaining grid
operations.



ponclusions Status LHC———
Prqject

e LHC project (machine; detectors; LCG) is well underway for
physics in 2007

Detector construction is generally proceeding well,
although not without concerns in some cases;

an enormous integration/installation effort is
ongoing — schedules are tight but are also taken
very seriously; this is not the moment to reduce
manpower (on the contrary)

LCG (like machine and detectors at a technological
level that defines the new ‘state of the art’) needs
the already reported ‘missing’ manpower in order

to fully develop the functionality required; the
required performance necessitates investments

that cannot quite be covered by the budget available
in the MTP.
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ERN eutrinosto ran asso

Study Tau-neutrino appearance in Mu-neutrino beam
through detection of charged Tau lepton.
Relatively high E neutrino beam
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CERN to Gran Sasso Neutrino Beam

LEP - LHC

Gran Sasso




CERN NEUTRINOS TO GRAN SASSO

Underground structures at CERN Access shaft
PGCN
Excavated ISSm
=

I Decay tube

{2nd contract)

= ——_—___—/2 f-—

o

SPS tunnel

Iprotun:& /,/
-~ Access galleries
- /"‘/

LHC/TI8 tunnel

Target
chamber

ions
a0ns

Service gallery
LEP/LHC tunnel

140m

Decay tunnel

Hadron stop
and first muon detector

Connection gallery
to TIB/LHC

SPS/ECA4

MUons
. [- i
neu ﬂ"ﬂb./ Helium bags Decay tube  Hadron stop  Muon detecto

Second muon detector %2

neutrinos e
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LAY WC  sTrucrture
~  of hadrcsa i =

helicity distributions of
gluons and quarks

transversity

glue-balls & exotics

double-charmed baryons
polarisability of pion
and kaons



" JNBEARTRYdrogen Production
(ATHENA, ATRAP)

Hbar annihilation (ATHENA)
Hbar ionization (ATRAP)

AD ., & — *“Na

Results (2002-2004) : Long term perspectives.

» Nested Penning traps:

1) Hyperfine Structure AE/E ~ 1079 - 10710

- large number of antihydrogen formed (> 1 mio)!!
- formation process: high or low n-states ?

AE/E ~10712_ 10716
- kinetic energy of Hbar (200 meV? 0.4 meV) ? i)

2) 15-2S energy difference i %mﬁ
 Excited positronium collisions:

BT
- very small number of antihydrogen formed (< 100) A46/6 ~1073- 10

- Hbar in high-n states 3) Gravitation S '€
- potentially smaller kinetic energy (< 0.4 meV)? :




ISOLDE
CERN

. target - ion source
We need pure beams, free g

from 1sobaric contamination:

Intense proton beams

Low energy beam

Point like sources

Applied Physics

Implanted Radioactive
Prohes, Tailored Isotopes for
Diagnosis and Therapy
Condenszed matter physics and
Life sciences

Nuclear Physics

Nuclear Decay Spectroscopy and
Reactions

Fundamental Physics

Structure of Mucle
Ezxotic Decay Iodes

available for research:

Direct Mass Measurements,
Dedicated Decay Studies - WI
CEM unitarity tests, search for

G- cotrelations, right-handed
currents

Nuclear

Atomic Physics )
Astrophysics

Laser Spectroscopy and
Direct Mass Measurements

~450 users
(100 institutes)

Dedicated Nuclear
Decay/Reaction Studies

Eadiu, Moments, Nuclear
Binding Energies

Element Synthesis,
Solar Processes
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F-' Linear electron-positron Colliders

The CLIC concept (1986..!)

High current, low energy drive beam

RF power extracted and fed into accelerated beam
(‘warm structures’)

Accelerated R&D programme with the aim to prove
feasibility by 2010



ﬂlu 1ICaAlUl COo VUl UIT
CLIC SChEEEl\(s‘eemmmrgmmenmse

- 33.2 km > MV/m)
MAIN BEAM
GENERATION
COMPLEX
- /e - f:f"\ i ‘
e- MAINLINAC  EiNAL Ay FINAL € *+MAINLINAC ) ¥,
o S s fe | S GOMPACH Gl dEROVET AL
R N/ LaseR \FJ)« ] - length 33 km
YY 3 R . .
" / — Normal conducting accelerating
624 m DRIVE BEAM DRIVE BEAM ~ 460 MVWW/m structures
DECELERATOR G(I:EgIEIIRDAL\B(ON 30 GHz RF POWER .
High acceleration frequency (30
GHz)

mTwo-Beam Acceleration
a centet.Qf mass Scheme

energy of 3
TeV/c

RF power generation at high
frequency

Cost-effective & efficient (~ 10%
overall)



A multi-MW proton driver

Why? LHC luminosity upgrade? Eurisol? v Superbeam?
Beta-beam? Neutrino factory?

How? SPL? RCS?

When? Decision on Linac4 in 2006 is a possible/probable

first step; major next steps > 2010, after CLIC
feasibility/ILC decision



B | ong-range programme in v physics:
superbeam, 3 beam, v factory

B Complementary programme in g physics:
rare U decays, U properties, u colliders?

m Next-generation facility for nuclear physics
also tests of SM, nuclear astrophysics

®m Synergy with CERN programme:

LHC, CNGS v, ISOLDE, heavy ions, 3
beam

Interesting project — and CERN would be a good place for it
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2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

2 *Will determine the future course of high energy physics
c *Detector completion/upgrade/in particular for luminosity upgrade (> 103°)

; (~2014); requires R&D, machine and detectors

Other LHC Experiments
(e.g. MOEDAL,LHCY)

*Very limited neutrino programme (in scope)

N *New initiatives include K*->r*vv; why not K°>nvv..? E—

~ *New initiatives may include a long term neutrino programme

- *CERN working groups Proton Accelerators for the Future (PAF) e
Aand Dhucaias Ninnavhiinibiace At Coibiiva DeatAan Accelerators (POFPA)

EURISOL Design Study (including beta beams) 2006 (or maybe 2007)

'S onwards E
I’(’I\- A:... e e

 */Accelerator R&D includes EU funded networks, joint projects, design
~ studies

I

No fully-fledged Neutrino Factory Design Study yet (2008 if EU SUPPOTt) s

e - ey = —-—y




LHC Programme is priority number one,
collisions Summer 2007

LHC Programme most prominent and productive
physics programme at CERN; scientific lifetime
15 years or more

Important decisions in 2010 (CERN budget should
allow for new initiatives!); ‘big’ decisions to be
taken in a global context, taking into account LHC
results; CLIC feasibility; ILC progress;...

There is an independent (not budget wise...) case
for ‘neutrino physics’



CERN Council will form a
Strategy Group, helped by a Preparatory Group
in order to formulate a strategy for Europe

Special Strategy Group meeting in Spring 2006 in
(near) Berlin; followed by special Council meeting
in July 2006 in Lisbon.



