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The Mission of CERNThe Mission of CERN

P h b k th f ti f k l dPush back the frontiers of knowledge
E.g. the secrets of the Big Bang …what was the matter like 
within the first moments of the Universe’s existence?

Develop new technologies for 
accelerators and detectorsaccelerators and detectors
Information technology - the Web and the GRID
Medicine - diagnosis and therapy

Train scientists and engineers of 
ttomorrow

Unite people from different countries and
Thailand and CERN / March 2010 2

Unite people from different countries and 
cultures



CERN in NumbersCERN in NumbersCERN in NumbersCERN in Numbers



Age Distribution of Scientists 
- and where they go afterwards

Survey in March 2009

y g

y

T d 3000 PhD t d tToday: ~3000 PhD students
in all LHC experiments

They do not all stay: where do they go?y y y g



Summer Students @ CERN

CERN Education ActivitiesCERN Education Activities

CERN /  February 2011



Past few decades

“Discovery” of  Standard Model

through synergy of

hadron - hadron colliders   (e.g. Tevatron)

lepton - hadron colliders   (HERA)

l t l t llidlepton - lepton colliders   (e.g. LEP, SLC)



Test of the SM at the Level of Quantum Fluctuations

prediction of the range
for the Higgs mass

indirect determination of the top mass

for the Higgs mass

possible due to                      
• precision measurements    

LEP

• known higher order  
electroweak corrections
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Key Questions of Particle Physics

origin of mass/matter or                     g
origin of electroweak symmetry breaking 

unification of forces

fundamental symmetry of forces and 
matter

unification of quantum physics and 
general relativity 

number of space/time dimensionsnumber of space/time dimensions 

what is dark matter 

h i d kwhat is dark energy



Solutions?Solutions?

Salam WeinbergGlashow

Technicolor
New (strong) interactions produce EWSB

Extensions of the SM gauge group : 

Little Higgs / GUTs / …Salam WeinbergGlashow Little Higgs / GUTs / …
Veltman ‘t Hooft

GrossWilczekPolitzer

Reines

R bbi dPerl
Friedman

For all proposed solutions: 
new particles should appear 

at TeV scale or below
HiggsRubbia van der 

Meer CroninFitch
Perl

Kendall

LedermanSchwartz

Steinberger

Ting

Schwinger
Hofstadter

Selected NP 
since 1957

at TeV scale or below

TaylorRichter Gell-Mann AlvarezFeynman Yang Lee

since 1957 
Except P. Higgs

Extra Dimensions
New dimensions introduced

mGravity ≈ melw Hierarchy problem
solved

Extra Dimensions
New dimensions introduced

mGravity ≈ melw Hierarchy problem
solved

Supersymmetry
New particles at ≈ TeV scale, light Higgs

Unification of forces
Higgs mass stabilized solved

New particles at ≈ TeV scale
solved

New particles at ≈ TeV scale
Higgs mass stabilized
No new interactions



Enter a New Era in Fundamental ScienceEnter a New Era in Fundamental Science
Start-up of the Large Hadron Collider (LHC), one of the largest and truly globalStart-up of the Large Hadron Collider (LHC), one of the largest and truly globalStart up of the Large Hadron Collider (LHC), one of the largest and truly global 

scientific projects ever, is the most exciting turning point in particle physics.
Start up of the Large Hadron Collider (LHC), one of the largest and truly global 

scientific projects ever, is the most exciting turning point in particle physics.

CMS LHCb

Exploration of a new energy frontier Exploration of a new energy frontier 

ALICE
plus 
th ll i tthree smaller experiments

TOTEM
LHCf
MoEDAL

Korea and CERN /  July 2009 10

ATLAS
MoEDAL



CERN: Scientific Strategy
• Full exploitation of LHC physics potential 

– Reliable operation (including consolidation and LINAC 4)
Remove bottlenecks to benefit from nominal luminosity for both– Remove bottlenecks to benefit from nominal luminosity for both 
machine and detectors

– Focused R&D and prototyping for High-Luminosity LHC
– Re-establish standards for technical and general infrastructure

• Preparation for the long-term future (>2015)
– Energy frontier

• CLIC/ILC collaboration and R&D (for detectors and machine)
• Generic R&D for High-Energy LHC (i.e. high field magnets)g gy ( g g )

– R&D for high-power proton sources (HP-SPL) e.g for ν-physics

• World-class fixed-target physics program (incl. ν-projects)



Les Machines du CERN



Fixed Target Physics
Antiproton Physics Neutrino Physics

C ld ti t

732 Km

CERN NEUTRINOS TO GRAN SASSO

32 K

Cold antiprotons
(“manufacturing anti-matter”)
1. PS p → pp 10-6/collision
2. AD deceleration + cooling

stochastic + electron
Anti-H annihilations detected

νμ
ντ

732 Kmstochastic + electron
3. Extraction @ ~ 0.1c
4. Produce thousands of anti-H

ATHENA (→ ALPHA)

anti-H (pe+) + matter → π+π- + γγ

Silicon micro
strips

511 keV γ

π

π

OPERA
CsI
crystals

π

Neutral Current
Charge 
Current

crystals

511 keV γ
π

13ALPHA and ASACUSA: Current13
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ALPHA and ASACUSA:
First storage of Antihydrogen atoms



CNGS - OPERA
First υτ Candidate
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CNGS - ICARUS
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ALPHA
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ASACUSA
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The CLOUD Experiment

Experiment using cloud chamber to 
study possible link between cosmicstudy possible link between cosmic-
rays and cloud formation.

Studies suggest that cosmic-
rays may have an influence on y y
the amount of cloud cover 
through the formation of new 
aerosols (tiny particles 

d d i th i th t dsuspended in the air that seed 
cloud droplets).

Understanding the underlying 
microphysics in controlledmicrophysics in controlled 
laboratory conditions is a key to 
unraveling the connection between 
cosmic-rays, clouds and climate.
First time high-energy physics 
accelerator used to study 
atmospheric and climate science.

18



A l i S i d I iA l i S i d I iAccelerating Science and InnovationAccelerating Science and Innovation

LHCLHCLHCLHCLHCLHCLHCLHC

Glion Colloquium /  June 
2009
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First Collisions at LHC on 23 November 2009 First Collisions at LHC on 23 November 2009 
at Eat ECMCM = 900 GeV= 900 GeVat Eat ECMCM  900 GeV 900 GeV

CMS Experiment at the LHC
Date Recorded: 2009-11-23 19:21 CET
Run/Event: 122314/1514552 

Chronology of a fantastic escalation of events:
2009

Protons, Ebeam= 0.45 TeV 

u / e t 3 / 5 55
Candidate Collision Event 

2009
� 20 November: first beams circulating in the LHC
� 23 November: first collisions at √s = 900 GeV
� 8, 14, 16 December: few hours of collisions at √s = 2.36 TeV (the world record !)
� 16 December- 26 February:  technical stop

2010
27 February : machine operation started again

Protons, Ebeam= 0.45 TeV 

� 27 February : machine operation started again
� 19 March     : first (single) beams ramped up to 3.5 TeV
� 30 March     : first collisions at 3.5+3.5 TeV

� immediate data taking by all experiments with high efficiency
� end July: first results presented at the international High Energy Conference
� since then, more than tenfold statistics increase 

Tsinghua University Beijing, January 2010 20… after more than a year of repairs and improvements … after more than a year of repairs and improvements 



Stored Energy in the LHC

21
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Overall LHC efficiency in 2010Overall LHC efficiency in 2010

65%%
availability!
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W. Venturini



Luminosity: 3 running periodsLuminosity: 3 running periods 2010
Performance 
ramp upramp-up
(368 bunches)

Nominal 
bunch 
operation

Bunch 
trains

(up to 48)

Nominal bunch 
commissioning

Initial 
luminosity 
runrun
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Re-discovered the Standard Model at 7TeV
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LHC Strategy
Full exploitation of the LHC physics potential

maximize integrated luminosity useful for g y
physics

- LHC operation until around 2030, aim at ∫Ldt ≈ 3000/fbp , ∫

- Between 2010 and ~2020: ~design luminosity (~1034/cm2/s)
f C /connection of LINAC4 around 2016/17

detector modifications to optimize data collection 

- High Luminosity LHC (HL-LHC) from ~2020 to ~2030
luminosity around 5x1034/cm2/s, luminosity levelingy , y g
new Inner Triplet around 2020/21 (combine both phases)
detector upgrades around 2020/21 R&D NOW
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The 10 year technical Plan before Chamonix

10



LHC potential performance range
Energy: 3.5 TeV to 4 TeV
To be discussed at the Chamonix workshop in Jan. 2011.

Goal: 1 fb-1

Bunch intensity
Baseline 1.2x1011 protons, higher possible from injectors.

fNumber of bunches
450 to 930 bunches (75 ns spacing): potential factor 2.
Colliding beam si esColliding beam sizes
Maintain excellent beams from injectors: 50% smaller than 
nominal
Possible to “squeeze” beams further: another 50% gain!
Peak luminosities in the range of 6 to 16 x 1032 cm-2s-1 could 
be possible.
At least 3 times more than what we have seen in 2010!
I t t d l i it b t 1 d 3 fb 1 ld

S. Redaelli, LHC jamboree, 17-12-2010 27

Integrated luminosity between 1 and 3 fb-1 would appear 
feasible.



Higgs sensitivities

23



Higgs                    2011/2012

- Accelerator Chain performed very well in 2010

Detectors performed very well in 2010- Detectors performed very well in 2010

- Headroom in accelerator performanceHeadroom in accelerator performance 

- Headroom in analysis performance

- Excellent prospects for Higgs-Boson 
Discovery or Exclusion in 2011/2012Discovery or Exclusion in 2011/2012 

Exciting Prospects: LHC running in 2011 and 2012Exciting Prospects: LHC running in 2011 and 2012
at √s = 7 TeV (2011)



The 10 year technical Plan

‐ Headroom in machine luminosity performanceHeadroom in machine luminosity performance

‐ Headroom in analysis performance

Decision after Chamonix Workshop
Ph sics in 2011 and 2012Physics in 2011 and 2012
Delay long shutdown to 2013

Subsequent running periods and shutdowns will shift 
similarly, final technical plan not yet issued

10



beyond LHC ?beyond LHC ?beyond LHC ?beyond LHC ?

Glion Colloquium /  June 
2009

31



2010-2013: Decisive Years

Experimental data will take the floor to drive p
the field to the next steps:

LHC results
Θ (T2K DCh t )Θ13 (T2K, DChooz, etc..)
υ masses (Cuore, Gerda, Nemo…)
Dark Matter searches
…….

32



Key Messages
Need to clear the cloud of TeV-scale physics to obtain clear views
LHC and HL-LHC with prospects towards 2030LHC and HL LHC with prospects towards 2030
Synergy of colliders 
LHC results decisive    

33



Next decades (?)

Road beyond Standard Model

through synergy of

hadron - hadron colliders   (HL-LHC, HE-LHC?)

lepton - hadron colliders   (LHeC??)

l t l t llidlepton - lepton colliders   (LC?)



Linear e+e-Colliders

The machine which will complement and p
extend the LHC best, and is closest to be 
realized, is a  Linear e+e- Collider with a ,
collision energy of at least 500 GeV.

PROJECTS:
⇒ TeV Colliders (CMS energy up to 1 TeV) → Technology ~ready( gy p ) gy y

ILC with superconducting cavities

⇒ Multi TeV Collider (CMS energies in multi TeV range) → R&D⇒ Multi-TeV Collider (CMS energies in multi-TeV range) → R&D
CLIC → Two Beam Acceleration 

35



The International Linear Collider

Energy 250 Gev x 250 GeV
# of RF Units 560
# of Cryomodules 1680
# of 9-cell Cavities   14560
Accelerating Gradient 31.5 MeV/m
Peak luminosity 2 1034 cm-2s-1Peak luminosity 2 10 cm s
Rep. Rate 5 Hz
IP σx 350 – 620 nm; σy 3.5 – 9.0 nm
Total Power  ~230 MW
2 Detectors Push-pull

36



Cavity Gradient Milestone Achieved

TDRTDR
Goal

2010
Milestone

22-Jan-11                                
FALC - SLAC

Global Design Effort 37



CLIC Overall Lay-out
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Gradient at CLIC 4*10-7 BDR and 180 ns pulse length

T18 and TD18 built and 
tested at SLAC and KEKtested at SLAC and KEK
• real prototypes with 

improved design are T24 
and TD24

• measurements in plot on 
the right for TD18 at KEK 



Tunnel implementations (laser 
straight)

Central Injector complex

Tunnel implementations (lLC version)

40
Central MDI & Interaction Region



Validated ILC concept 

41

CLIC detector concepts will be based on SiD and ILD.
Modified to meet CLIC requirements

http://www.cern.ch/lcd Lucie Linssen, 4/10/2010

Modified to meet CLIC requirements



Linear Collider Detector project @ CERN

LCD: addressing physics and detectors at CLIC and ILC

CERN
Current focus: 

Europe CERN Preparation of conceptual design report for 
CLIC detectors => developed into a truly 
international effort in 2010

Americas
Asia

Experimental issues for a CLIC experiment 
now well understood, and detector 

t i f th CLIC b h k t diAmericas geometries for the CLIC benchmark studies 
were fixedAffiliation of CLIC CDR editors

Beam test with a tungsten-
based HCAL for linear collider, 
CALICE collaboration



Large Hadron electron Collider: possible layouts

40 - 140 GeV
onon

1  - 7  TeV

ring-ring solution:
L ≤ 1033L  ≤ 10

linac-ring solution:linac ring solution:
L  few 1031 (?)

Would be the successor
of HERA at higher cmsg
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Key Messages
Need to clear the cloud of TeV-scale physics to obtain clear views
LHC and HL-LHC with prospects towards 2030LHC and HL LHC with prospects towards 2030
Synergy of colliders 
LHC results decisive

ILC could be constructed now
CLIC more R&D neededCLIC more R&D needed
Converge towards one LC project

Detector R&D mandatory for all projects

44



The TeV Scale (far) beyond 2010 

(HL)-LHC
HE-LHC ?HE LHC ?

Great opportunities ahead at the TeV scale

first window of opportunity for enabling decision 
th f d d 2012 (?)

Prof. Rolf-Dieter Heuer 45

on the way forward around 2012 (?)



Results from LHC will guide the way
Expect

period for decision enabling on next steps earliest 2012period for decision enabling on next steps earliest 2012 
(at least) concerning energy frontier
(similar situation concerning neutrino sector Θ13) 

We are NOW in a new exciting era of accelerator
planning-design-construction-running
and need

intensified efforts on R&D and technical design work 
to enable these decisions 
global collaboration and stability on long time scalesglobal collaboration and stability on long time scales
(don‘t forget: first workshop on LHC was 1984)

more coordination and more collaboration requiredq
46



Opening the door…

Council opened the door to greater integration in particle physics when it 
recently unanimously adopted the recommendations to examine the role ofrecently unanimously adopted the recommendations to examine the role of 
CERN in the light of increasing globalization in particle physics.

Particle physics is becoming increasingly integrated at the global level.
Council’s decision contributes to creating the conditions that will enableCouncil s decision contributes to creating the conditions that will enable 
CERN to play a full role in any future facility wherever in the world it might 
be.

The key points agreed by Council include:
All states shall be eligible for Membership, irrespective of their geographical 
location; 
A new Associate Membership status is to be introduced to allow non-
Member States to establish or intensify their institutional links with CERN; 
Participation of CERN in global projects wherever sited.

Romania is in accession to Membership
Applications for Membership from Cyprus, Israel, Serbia, Slovenia and 
Turkey have already been received by the CERN Council. 
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We need to define the most appropriate organizational form 
for global projects NOW and need to be open and inventivefor global projects NOW and need to be open and inventive
(scientists, funding agencies, politicians. . .)

Mandatory to have accelerator laboratories in all regions
as partners in accelerator development / construction / 

commissiong / exploitation

Planning and execution of HEP projects today needPlanning and execution of HEP projects today need 
global partnership for global, regional and national projects

in other words: for the whole programin other words: for the whole program

Use the exciting times ahead to establish such a partnershipg p p
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Particle Physics can and should play its role asParticle Physics can and should play its role as 

spearhead in innovations as in the past 

now and in future

49


