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Particle physics

The particle physics “Mission Statement”

1) Identify the most fundamental constituents of the Universe
2) Describe how they interact and inter-relate

and if possible
3) Explain why 1) and 2) above are as they are, and cannot be 

otherwise

Then, we will have “understood” how the Universe works 
at its deepest (simplest?) level

in the first billionths of a second after the Big Bang

But we are left with the task of explaining how the rich 
complexity that developed in the ensuing ~14 billion 
years came about…

Which is a much more complex task!
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European Strategy for Particle Physics

“Particle physics stands on the threshold of a new and exciting 

era of discovery. The next generation of experiments will explore 

new domains and probe the deep structure of space-time. They 

will measure the properties of the elementary constituents of 

matter and their interactions with unprecedented accuracy, and 

they will uncover new phenomena such as the Higgs boson or 

new forms of matter. Long-standing puzzles such as the origin 

of mass, the matter-antimatter asymmetry of the Universe and 

the mysterious dark matter and energy that permeate the cosmos 

will soon benefit from the insights that new measurements will 

bring. Together, the results will have a profound impact on the 

way we see our Universe.”
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EPP2010

Harold Shapiro
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The Quantum Universe
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Questions from the Quantum Universe

1. Are there undiscovered principles of nature?
New symmetries, New Physical Laws

2. How can we solve the mystery of Dark Energy?
3. Are there extra dimensions of space?
4. Do all the forces become one?
5. Why are there so many kinds of particle?
6. What is Dark Matter?

How can we make it in the laboratory?

7. What are neutrinos telling us?
8. How did the Universe come to be?
9. What happened to the antimatter?



Ken Peach John Adams Institute 22 IV 2008 7

Questions to be answered by the LHC 

1. Is there a Higgs?

2. What is the Higgs mass?

3. Is the Higgs a SM-like weak doublet?

4. Is the Higgs elementary or composite?

5. Is the stability of MW / MP through symmetry or dynamical principle?

6. Is supersymmetry effective at the weak scale?

7. Will we discover DM at the LHC?

8. Are there extra dimensions? Are there new strong forces?

9. Are there totally unexpected phenomena?

10. What is the mechanism of EW breaking?

Gian Giudice
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Also Flavour Physics @ LHC

Yosef Nir
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The European Strategy for Particle Physics
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The European Strategy for Particle Physics
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The Strategy Group

• Co-chairpersons
– T. Åkesson ECFA
– K. Peach SPC

• Preparatory group
– R. Aleksan ECFA
– S. Bertolucci ECFA
– A. Blondel SPC
– M. Cavalli-Sforza SPC
– R. Heuer SPC
– F. Linde ECFA
– E. Rondio ECFA
– B. Webber SPC

• Directors
– R. Aymar CERN
– M. Calvetti LNF
– E. Coccia LNGS
– J. Engelen CERN
– R. Eichler PSI
– A. Wagner DESY
– J. Womersley RAL
– G. Wormser LAL
– J. Zinn-Justin Dapnia

• Scientific secretary
– M. Mangano CERN

• Members from delegations
– W. Majerotto AUSTRIA
– R. Gastmans BELGIUM
– J. Chyla CZECH REPUBLIC 
– H. Boggild DENMARK
– J. Tuominiemi FINLAND
– J. Feltesse FRANCE
– G. Herten GERMANY
– D. Nanopoulos GREECE
– G. Vesztergombi HUNGARY
– L. Cifarelli ITALY
– S. de Jong NETHERLANDS
– S. Stapnes NORWAY
– J. Nassalski POLAND
– G. Barreira PORTUGAL
– M. Aguilar SPAIN
– B. Åsman SWEDEN
– A. Rubbia SWITZERLAND 
– J. Thomas UK

• Observers
– R. Staffin USA
– E. Rabinovici ISRAEL
– D. Demir TURKEY
– M. Nozaki JAPAN
– M. Danilov RUSSIA

– R. Wade ApPEC
– T. Bresani NuPECC
– R. Petronzio FALC
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The Preparatory Group
• Co-chairpersons

– T. Åkesson ECFA
– K. Peach SPC

• Scientific secretary
– M. Mangano CERN

• Preparatory group
– R. Aleksan ECFA
– S. Bertolucci ECFA
– A. Blondel SPC
– M. Cavalli-Sforza SPC
– R. Heuer SPC
– F. Linde ECFA
– E. Rondio ECFA
– B. Webber SPC

} E Rondio



Ken Peach John Adams Institute 22 IV 2008 13

The Scientific Strategy

• The LHC and R&D for its upgrade
• R&D for future facilities
• The ILC (0.5-1TeV)
• R&D for future neutrino facilities
• Non-accelerator experiments
• Flavour physics and precision 

measurements
• Particle and nuclear physics
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EPP2010

Similar statements from Japan …
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EPP 2010 Members
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OECD Global Science Forum
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Annex 3
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The 4 “interdependent priorities”

i) the exploitation of current frontier 
facilities until contribution of these 
machines is surpassed; 

ii) completion and full exploitation of 
the Large Hadron Collider at CERN; 

iii) preparing for the development of a 
next-generation electron-positron 
collider; and 

iv) the continued support for 
appropriate R&D into novel 
accelerator designs.
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… and the rest …
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2004-2006

• Global consensus 
– With Ministerial endorsement

• A global particle physics programme
– LHC
– ILC
– R&D
– Neutrinos … ???
… and as much particle astrophysics, 

flavour physics, precision physics & 
nuclear particle physics as can be fitted 
in to the programme …
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Why do we have such a clear consensus?

• Because we have 
the Standard ModelStandard Model

– This gives a unique 
framework within 
which to ask 
questions

– Not surprisingly, 
smart people come 
up with the same 
set of questions

– and the same ideas 
for answering them
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The Global Research Strategy

Major Research Facilities
(e.g. ILC, NF…)

>1B
Global Projects

Regional and National 
Research Facilities

(e.g. flavour factories)
< 1B

(with international 
contributions)

Regional and National 
Research Facilities

(…)

Individual 
Research Projects

(e.g. flavour factories)
< 100M

(probably international 
collaborations)

Individual 
Research Projects

(…)

Individual 
Research Projects

(…)

Individual 
Research Projects

(…)
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Where are we in 2008?

•• ScientificallyScientifically

– We are still waiting for the LHC results
• Higgs?
• SUSY?
• Exotica of all kinds?

– Nothing has changed!!!
– Not even the Tevatron

Higgs Mass < 182 GeV/c2

(95% probability)
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Where is the new Physics?

• Neutrinos
– Origin of the (very small) masses?
– Majorana and/or Dirac?

• g-2
– SUSY?

• b-physics
– b����s transitions – new physics?

• Dark stuff
– Matter and Energy?

• Baryon Asymmetry of the Universe
– Leptogenesis, SUSY, Sphalerons, …?

• Standard Model mysteries
– Flavour structure, SU(3)⊗⊗⊗⊗SU(2)⊗⊗⊗⊗U(1), 
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2007 – “annus horribilis”♠

• Two events in 2007, both related to 
the ILC, cast a cloud on the Global 
Strategy

• February 22nd

– [US] Orbach statement to HEPAP

• December 11th

– [UK] STFC Delivery Plan

♠“1992 is not a year on which I shall look back with undiluted pleasure. In the words of one of my more sympathetic correspondents, it has 

turned out to be an Annus Horribilis.” Queen Elizabeth II, Guildahall, 24 November 1992.
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Orbach Statement to HEPAP
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STFC Delivery Plan
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Comments

1. Both of these comments were made 
for domestic political reasons

• Worry about RDR cost estimate (US)
• Worry about timescale (UK)

2. Neither comment followed from any 
review of the ILC project or scientific 
case

• Both views of (powerful) individuals

3. Addressing the domestic political 
agenda, ignored international impact
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Comment - 2

• What is particularly disappointing (!) 
is that both of these announcements 
ignored FALC (Funding Agencies for Large Colliders)
– which was established by the US and 

the UK expressly to enable Funding 
Agencies to communicate and 
collaborate on such issues …

• In the light of this, the need for a 
truly Global Strategy is even greater



Ken Peach John Adams Institute 22 IV 2008 30

The “annus horribilis” continues

P 39

December 18th, US Congress
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Comment - 3

• The UK and US funding decisions 
were taken independently

– UK: some deep antipathy to particle 
physics in some sections of the 
Ministry and Funding Agency

– US: Linear Collider supported by DoE, 
President’s Budget and both Houses, 
but lost in the power struggle between 
President and Congress
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Moving on …

• Until we know
– Whether the Higgs exists or not

• If it does not exist below 180 GeV, the Standard Model is in 
crisis

– SuperSymmetry exists or not
• If it does not, we need some new ideas

– Other exotica (ED, KK, BH, …)
• If they do, a new era begins

• we cannot plan the next major facility
– LHC upgrade, ILC, CLIC, MC

• but we MUSTMUST do more (not less) R&D
– both accelerators and detectors 

• fortunately, the EU is more scientifically forward 
thinking than the UK
– through FP7

• and CERNCERN can take the lead
– through Council, MS, laboratory and collaboration
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The Role of CERN

• CERN currently focussed on the LHC
– This isis the highest priority

• also true in 2009 (…?...)
– … but begin to explore the longer term
– Options for CERN

• Modest upgrade of the LHC 
– sLHC

• Major upgrade of the LHC
– DLHC

• Linear Collider
– CLIC@CERN or ILC@

» both with major European  participation
• Neutrino Facility

– Not the high energy frontier! 
– Step on the way to a Muon Collider @ CERN

– This should be a European decision
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The Role of the CERN Member States

• The national, European and Global strategies 
for particle physics need to be aligned

• The CERN Council Strategy process in 
principle achieves this

• The European strategy should be interwoven 
with the national strategy

• Need to promote particle physics in the 
Member States
– press, public, politicians, pedagogy
– All reflected in this Symposium
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Opportunities for CERN/Europe

• While CERN as a laboratory mustmust

concentrate on the LHC
CERN as an organisation shouldshould lead the 
debate about the next major facility
wherever it is built

supported by Council
and the member states

• If you do not lead, you either
follow 

or 

do not participate at all
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Is Physics Popular?

There is strong evidence that physics stories are 
popular with at least part of the general population. 

• Popular science magazines like New Scientist know 
that a good physics story on the front page 
increase sales by an impressive amount (several 
thousand copies), and (from the same magazine) of 
the 10 most popular cover stories last year, 6 were 
physics based… Other popular science series have 
similar results.

2. The recent BBC Horizon programme 
What on Earth is wrong with gravity?
by Brian Cox attracted 2.1M viewers, compared with 
a typical Horizon audience of about 1.2M.

from a science journalist
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Peter Higgs visit to CERN

… and many more …
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… and in Poland too
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From the preamble …

“Particle physics stands on the 
threshold of a new and exciting era 
of discovery.”

• We must be ready to cross that 
threshold with a global strategy to 
address the new questions the 
discoveries will provoke…

• Europe should lead …
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Summary & Conclusions

• At the scientific and technical level
– Two major international programmes

• Linear Colliders (ILC & CLIC)
• Neutrinos (Factory, Super and Beta Beams)

– Should have clear options 2010-2012
• When early LHC results known

• At the political level
– Still much to do

• Statements made for domestic political reasons
– Have international consequences in a global age

• We need to work harder on selling the science
– We have the press and the public on our side!
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Thank you!


