CERN: Views for the Future

Luciano MAIANI
OECD Consultative Group
CERN, June 29, 2001




.SUMMARY

CERN 1n the Medium Term (2001-2005);
LHC:

— main targets,
— what will be left out ?

Ongoing accelerator R&D;
CLIC @ CERN ?
A forward look

29/06/01 L. Maiani. OECD
Consultative Group
{ ]




Trie twenty Member States of CERN

OBSERVERS:
*UNESCO
EU

o[sracl

*Turkey

SPECIAL OBSER

(for LHC):

USA

*Japan e
*Russia iy e

BULGARLA [1759)

Member States (Dates of Accession)

CZECH FR [1993)

I DEMMARE (1953)
LR

W FINLAND (1591)

. FRANCE [ 1953)

IS CERMANY (1953)

29/06/01

N | —

—E GREECE (1953} il HORWAY [1953)

—
HUMGARY (1592) POLAND (1991)

W
ITALY [1953]) d PORTUGAL [ 1585}

——
METHERLANDS (1953} SLOVAK FR (1993

L. Maiani. OECD
Consultative Group

— SPAIM {1/1961-12/1968-1/1983)

I SWEDEN (1953)
&+

L
A UNITED EINGDOM (1953)

SWITZERLAND (1953)




. Accelerator chain of CERN

Accelerator chain of CERN (operating or approved projects)
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Age Distribution
of CERN Users (May, 2001)

Age Distribution of CERN Users
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International Collaboration for LHC construction
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Cost sharing for LHC (BCHF):
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USA, Japan, Russia: participate in
the decision process for LHC in
Committee of Council

Free access to LHC experiments




Institutional aspects

In Council: one country-one vote
Contributions according to GDP
No just return clause

but:

— Finance Committee recommends important financial
decisions (Budget...) only with a majority of 70% of
contributions;

— specific rules (alignment) facilitate the equilibration of
the industrial return of each country, which 1s closely
monitored.
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1. CERN 1n the Medium Term (2002-2005)

NA48

COMPASS

CNGS

HARP

DIRAC

Antiproton Decelerator

Nuclear Physics (ISOLDE n-ToF. Heavy 10n%)
CAST

29/06/01 L. Maiani. OECD
Consultative Group
{ ]




97 ©8/99

O = N k= M R

Woods

Re{Epsilon prime/Epsilon} {107%)

Direct CP
violation




muon beam (100 & 200 GeV/c)

=
CO MP A Ss - Spin structure of the nucleon

* measurement of gluon-polarisation (AG/G) using
4 * open charm
- . * high p+ hadrons
+ vector meson production (QCD factorization tests/ OFPD)

New High Rate Experlment — double magnetic
spectrometer gy B T e

2000 — 18t installation run /' |, + o=
2001°= Technicalrun # 15t Physics.rin e

2002-2006 DataTaking and completion of spectrometer

Bielefeld, Bochum, Bonn, Burdwan, JINR.Dubna,
Erlangen, Freiburg, CERN, Heldelberg, Helsmkl
Mainz, Mons, Moscow, —
Miinchen, Nagoya , Osaka, Protvino, Saclay,
Tel Aviv,. Torino, Trieste, Warsaw




¢ ong-Baseline Neutrino Programme:-CNGS

To observe the appearance of tau leptons;

complementary to the lower-energy K2K (Japan) and to MINOS (US) focussed on v

i
disappearance;

OPERA approved by the CERN Research Board and by INEN (Jan. 2001);

CERN will support a in-house group in OPERA, building on the experience accumulated
in CHORUS and NOMAD.
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Neutron Time of Flight Facility

Intense beam of neutrons: Dosimetry
® > 7. 10° n/cm? /pulse 5%

-E=0.1¢eV to 100 MeV; Nuclear
- AE/E =7 10~ (by ToF P
determination);

A rich physics programme

Astro
physics
23%

Theory and
Evaluation
7%
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e machine commissioning ongoing

« first phase of experiments approved

5% Dosimetry

<

—~——~_34% Nuclear Applications (ADS)
20% Nuclear Physics e

20 Figsion Events - ' Ta, P1, Al, U corrected EEERERES

4
11% Detectors and DAQ

10" e

23% Astrophysics

7% Theory & Evaluation

Research Activities of the N-ToF
Collaboration

Fighting with background...
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.. the SPS programme shall continue
in 2002-2003 for particular aspects
(open charm production, energy dependen
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* 2. The Large Hadron Collider in the LEP
Tunnel : main targets; what will be left out

Proton- Proton Collider

[/ TeV + 7 TeV

Luminosity = 1G%cnrsecl \h

first targets:

*Higgs boson (s)
*Supersymmetric Particles
*Quark-Gluon Plasma

*CP violation in B
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LHC commissioning schedule

n-04 Apr-04 Jul-04 Oct-04 Jan-05 ApAr-OS Jul-05 Oct-05 Jail-OR Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07
A 4, A ;
Physics
run

L dipol Ring closed 7 months Pb-Pb run
ast dipole -
L>2x10 6 weeks
Oféintt delivered and cold X
31/12
01/04 SLIUe

to Shutdown
31/08 : 3 months

Pilot run

01/04 to 30/04




Expected reach in various channels

m SUGRA; tgB =2 (~sameupto tgh-5), Ay=0,u<0
5 & contours (N = Ngigh/Ngjg*Npkgq) for 10%pb™
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...on the High Energy Frontier, beyond
the LHC....

lucidation of Higgs boson(s) spectrum &
pontancous Symm. Break.

lucidation of SUSY spectrum (1f any)

direct signals of extra dimensions (extra
vector bosons, KK tower...)

contact interactions as signal of new energy
scales beyond the TeV

29/06/01 L. Maiani. OECD
Consultative Group
{ ]




Light Higgs

v/s ~ 3 TeV to Complement LHC + LC-500 Physics
Reach

v/s = 1 TeV needed to fully understand a
115 GeV/c? Higgs Boson: probe shape of the Higgs
potential through triple and quartic couplings:

V = MPH? + \wH? + i)&Hd‘

Mg = v2A v

M. Muehlleitner

—
SM: ¢ ¢ —vwHH
o™ [fb]

L L L | L I |

100 120 140 180
M,[GeV]

4
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Triple Higgs coupling

Extract Av from o(e+e- — VHH)
for My from = 115 to 200 GeV
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Energy reach for
SUSY particle

searches of a PP
collider vs E&Lum.




Exploration of Multi TeV region is necessary
to fully understand the Supersymmetry
spectrum: the case ofee LC

+
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Further steps 1n neutrino oscillations: superbeams

= Most of the phase space covered by FNAL + CERN

e Sensho i

= One to two orders of magnitude better than MINOS/OPERA
= Two orders of magnitude worst than NuFact

AEUREVAifelnyl = Sensitivity to 8.
Vv factory ! = Still to be fully evaluated
= Limited by

= Beam background

« Systematic errors on cross sections

Juan José Gomez Cadenas
MNeutrino Telescopes, Venice,

2{27/2001 March, 20001
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Search for long-baseline detector laboratories

: Ty
* Pthasalmt i ﬁmwrrj' |

'1

1,
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Baseline {km

search for possible underground

sites ( )

Gran Canaria (Spain); Spitzbergen (Svalbard,Norway);
Center for underground physics Pihasalmi(Finland)
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3. R&D in the Medium Term
(What are we doing? )

« PS&SPS upgrading for CNGS
« High intensity proton driver (Superc. Proton Linac-SPL)
— V, superbeam, towards a v factory

 LHC 2nd phase (higher luminosity, just started)
« CLIC:
— Accelerator study (CTF3)
— Physics study
Not sufficient resources :

we are asking a manpower
Increase to Councill

29/06/01 L. Maiani. OECD

Consultative Group
{ ] [ ]




- Superconducting Proton Linac:
layout on the CERN site

SN LInac + Klystron gallery
R R S D NARTAIN - ollel to the fence of
Meyrin site (Route
Gregory)
Economic trench
excavation
Geological advantages
(tunnel on“molasse”, no
underground water)
Minimum impact on the
environment (empty field)
Simple connection to PS
& ISR via existing tunnels
Use some of the old ISR
infrastructure (electricity,
cooling)
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The SC cavities for 3 < 1

| T

et S
.'l_‘. @'F:' -

- —— e -

The 3=0.7 4-cell prototype

CERN technique of Nb/Cu sputtering
for 3=0.7, 3=0.8 cavities (352 MHz):
» excellent thermal and mechanical stability
( important for pulsed systems)
 lower material cost, large apertures, released
tolerances, 4.5 °K operation with Q = 10°

— 0.7 4-cells
—= 0.8 5-cells

Eacc [MV/m]

Bulk Nb or mixed technique for 3=0.52 (one 100 kW tetrode per cavity)
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CERN design of a Neutrino
Factory

4AMW on target
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Nu-factory status

« A truly international effort (e.g. FermiLab and BIL studies)

e substantial investment required (proton driver ci#(%):
more emphasis on CNGS2 ?

@ CERN:

— studies have started (proton driver, high power target,
HARP...)

— European collaboration started (CEA, IN2P3, INFN,
RAL...)

— Co-ordination among Int.’l Laboratories Is being proposec
(to FNAL, LBL, BNL, Cornell, KEK+ EU laboratories)
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" LHC phase 27

Advances in technology may allow detectors to stanc
luminosity in eccess of the nominal LHC lum. (e.q.
103> cm-2 s-1);

« Luminosity vs. Energy trade »: LHC potential could
be extended to >1TeV,

this MAY BE interesting, depending on LHC findings;

Intensive R&D Is needed for accelerator AND
detectors:

exploratory study is starting;

High Luminosity requires high field sc- quads (Nb3S
superconductor ?), which can be good also for a VL

29/06/01 L. Maiani. OECD 32
Consultative Group
{ ]




1 I3 Ll us o1 ﬁ-_ = -

P ot I * ?l;: e W ¥

_— R W o i a '\':'1 q,".' ]

7S Mt (R S el % | e
] L] dll- Boes o e

125 R s
aﬁ

2 AR

Ly =4
L O ﬁlﬁ?‘ﬁ - 'J:IL Ak
: & _ .:':. £ : - .."JI..'

rojet 240 km - Variantes Est et Ouest
VLHC at CERN?  |Rthaitbiy
(Circ. = 240 Km) oy o 15 Founeas

H TN PEPFLANCY
29/06/01 L. Maiani. OECD Exploratory study
i v Grovp | shows prohibitive tunnel cost

amll ¢
1 | ¥
I AT




Compact Linear Collider (CLIC) Overall view of the CLIC
Test Facllity n. 2
Il ﬂ

ASSET structure
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CLIC Test Facility 3

Housed in LEP Pre-

Injector building

Construction 2001-2003
Layout of CFT3 Nominal Phase

. Ini
Drive Beam Injector Drive Beam Accelerator

H—'——u I | | / I
. e e

High Power
Test Stand
Main/Drive Beam Main Beam Transfer Line

Modules Injector &
Bunch Compressor
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CLIC test facility n.3

to demonstrate a novel concept of drive-beam generation

to provide the nominal rf power to a few accelerating
sections which in turn will operate with the nominal
accelerating gradient.

CTF3 will be a unique 30 GHz high-power rf source for
the tests of all the rf components.

CTF3 will evolve in a staged approach where construction
phases alternate with beam test periods. The plan is to have
CTF 3 fully exploited by 2005.
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CLIC status

CTF3 construction started:;

Collaborations with INFN, IN2P3, SLAC are
active;

Closer collaboration with European

Laboratories Is being discussed (Orsay, Frasc;i
RAL(?), ...);

CLIC physics studies started at CERN
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PROJET CLIC il SR
Variante n.l % L0 —
Eehelle : 15000 [l f

Fitting CLIC at CERN
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Interaction region on
the Prevessin Site
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A forward look: (1) CERN in
2001-2010

* The LHC programme has been quite tightly funded
(contingencies: “time”, “staging & descoping”)

It 1s vital for CERN and for Particle Physics that the

LHC 1s completed (within reasonable time and

budget) and fully exploited
THIS IS OUR MAJOR CONCERN

*Some R&D 1s possible -we are asking Council for more

manpower;
*No resources are available for other commitments (tight

budget & manpower reduction).
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A férward look : (2) The long term future

There are many fascinating problems in
the High Energy Frontier and in Neutrino
Physics.

Particle Physics Programme:

LHC(phase 1+2), NLC/JLC/TESLA:
TeV exploration

i1.  CLIC, VLHC: multi-TeV (muon-
collider later?)

. VvV -superbeams, V -factory

Side programmes as gate-ways to
other sciences & industrial
applications:

 Free Electron Laser

e Neutron Spallation sources

eData Grids
This would allow for a full exploration of

the world beyond the Standard Theory as
we can conceive it today

eAfter the LHC, CERN will have the aspiration and the
capability to be a major player 1n (11) and (111);
*R&D done today leaves open all possibilities.
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The long term future (cont’d)

* A project “in the house” Is needed, to keep CER
together: CLIC Is (today) the best runner;

* Not everything will/can be done at CERN (VLHC
better located at FermiLab ?): participaton of CE
to outside projects Is likely/necessary.

Rather than “The World Laboratory”, I prefer to imagine a
Network of Laboratories to plan, organise, finance and
realise The World Programme sketched above

CAN WE DO IT ?777?
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