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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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Key Questions in Particle Physics (For
The Uninitiated)

Can all of the forces between particles be understood in a unified
framework?

What do the properties of particles reveal about the nature and origin of
matter and the properties of space and time?

What are dark matter and dark energy, and how has quantum
mechanics influenced the structure of the universe?

In the judament of particle physicists these
questions, together with accumulating experimental
evidence, emerging technologies and experimental
facilities (actual and planned). point to a potential
transformation of particle physics
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The Quantum Universe
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DUAHTUM UNIVERSE

EIMSTEIN'S DREAM OF UNIFIED FORCES

1
ARETHERE UNDISCOWERED FRIHCIPLES OF MATURE :
HEW EYMMETRIES, MEW PHYZICAL LW ST

The gquamtum ideas that so succesafully describe Gamiliar
maiter il when applisd to coxmic physics. Salving the
problem requirss the appearance of new forcer and new
pamicks signaling the discovery of new symmetries-
undiscovered principles of nature’s behawiar.

2
HOW CAMW E 20LYE THE MYSTERY OF DARK EMERCY?

The dack enerpy that permeiter empey space and
accelerass the expareion of the univens must have
1 quantum explimtion. Dack snergy might be relaced
to the Higge feld, a force thar fille space and gives
particles mas.

2
AFRETHERE EXTRA DI EHSIONE OF BFACET

String theory predicis seven undizcoversd dimensions
of space thar give ris2 to much of the apparent
complexity of pamicle physics. The discovery of extra
dimemions would be an epochal event in buman
history; it would changs our undenianding of the
birth and evolution of the wnivene. Srring theory
could rethape our concept of grawity.

&

D0 ALL THE FORCER BECOME OHET

At the moar findimental level all forces and particles
in the univens may be related, and all the forces mighe

be manifemacions of a single grand unified force,
realizing Einsrein's dream.

John Adams Institute

THE PARTICLE W CALD

B
WHY ARE THERE 20 MANY KINDE OF PARTICLEE?

Why do thres famulies of particles exist. and why
do their masser differ 0 dramacically? Pacteme and
wariaticns in che families of elementary pamicles sgger
undizceversd underhving principles thar tie agether
the quarks and leprome of the Standard Medel,

B
'WHAT IZ DARK MATTER?
HOAR CAMNWE WAKE IT IN THE LAEQRATORYT

Mast of the matter in the unvene i+ unknown dark
matter, probably heavy particles produced in the
big bang. While miost of these particles annihilaced
into purs enstpy. rome remiined. Thes remining
particles should have a small epough mas o be
preduced and seudied at acceleracomn.

7

"W HAT ARE NEUTRIHOE TELLING U=1

OF all the Enawn particles, neutrinas are che meat
mrecerious. They plaved an esential role in the

evolution of the univene, and their tiny nonzero mas

may tignal new physics at very high ensrgiss.

THE BIRTH CF THE UMMERSE

]
HCAW DID THE UHWERBE COME TO BET

Hccording to coamic theory, the universe began with
a singular explesion followed by a burst of inflationary
expansion. Follvwing inflation, the univems cooled,
pasing through a1 serier of phame transitions and
allowing the formation of stap, galaxies and Lifs on
earth. Undsmmanding inflacicn eequires breakthroughs

in quantum physics and quintom gravicy.

(]
WWHAT HAFPEHED TO THE AHT IMATTERT

The big bangalmoet cemainly pradoced equal imounts
of matter and anfimaiter, yet the univens sesms to

contain no anctimatter. How did the ssvmmetry ariss?

EXECUTIVE ELUMMARY

OPPGRTUNITIES FOR DISCCVERY

We live in an age when the explomtion of great queion is
leading roward a revolutiorary new undentanding of

the unfvene.

* Opportumitier have emerged for discovery about
the fundimental nature of the univere thar we
never expected,” Presidential Scisnce Adwisor John
Marburger said recencly. “Technology places these
dizcovariss within our reach, bur we nesed o focus
efforts acros widelr separated disciplines to realize the
nsw opportunites,

Cuasmtum Univerre i 2 response to that challenge, It
serves 15 & guide to whers the search for undemtanding
hay mken mw o far, and to where it is going. The
chaptzrs that follow articulate how existing and
planned particle physics sxperiment: at accelerators
ind underpround lboramries, ogether with space
prebes and ground-bared telescopes, bring within
reach new opportunitie: for discovery about the
fundamental natuce of the univese,
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@ Questions from the Quantum Universe

1.

o0 RWN

N

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

How can we solve the mystery of Dark Energy?
Are there extra dimensions of space?

Do all the forces become one?

Why are there so many kinds of particle?

What is Dark Matter?
How can we make it in the laboratory?

What are neutrinos telling us?
How did the Universe come to be?
What happened to the antimatter?

John Adams Institute 22 1V 2008



@ Questions to be answered by the LHC

© 0O N o kR Db

=N
o

Ken Peach

Is there a Higgs?

What is the Higgs mass?

Is the Higgs a SM-like weak doublet?

Is the Higgs elementary or composite?

Is the stability of M,/ M, through symmetry or dynamical principle?
Is supersymmetry effective at the weak scale?

Will we discover DM at the LHC?

Are there extra dimensions? Are there new strong forces?

Are there totally unexpected phenomena?

What is the mechanism of EW breaking?

Gian Giudice

John Adams Institute 22 1V 2008 7



Also Flavour Physics @ LHC
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Conclusions

e Consistency of flavor precision measurements at Eo, ~ GeV
with SM poses a problem to NP at Anp ~1'eV

e If new particles are discovered

New flavor parameters will be measured
e The parameters of interest: M, BR(— f3, fi), Oproa

e Rare decays constrain (Am;;/m) x K;;

ATLAS/CMS can measure Am;; and K;; separately
e The new physics flavor puzzle may be understood
e MFEYV can, in principle, be excluded

e With supersymmetry: The SM flavor puzzle may be solved

Yosef Nir
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@The European Strategy for Parti

5 6 ‘ The European strategy for Fx-)l't\'c]e Plu_;sics

The European strategy for particte physics

Particle Pj’ujﬁics stands on the threshold of a new and ﬁxmhng era of di
The next g%_rler*ah(m of ﬁxperimenl‘s will explnr*ﬁ new domains and Pr“ﬂE)P the CIFFP
structure of spacc%i'imc. _r]']ﬁ\lj will measure the P]‘:)Perhﬁﬁ of the mcnl‘arq con~
stituents of matter and their interactions with LmP:‘ecedﬁnEe& accuracy, and thet

will uncover new Pl’lenr'mneﬂa such as fhtf Higgs boson or new forms of matter. Long-
5tar1c|1ng Puzzle,ﬁ such as the ('n'fgfﬂ of mass, the matter-antimatter aﬁgmmeh'tj of
the Universe and the m(jstr‘,rfous dark matter and energy that Pr‘,rmr‘,afe the cos-
mos will soon benefit from the lnﬁ:gh ts that new measurements will I)rln% Toge.kher,
the results will have a profound ilT]L act on the way we see our (.Iﬂiver‘:sr:: Eu;‘()‘Dr'.an
‘Darhc/r‘ }Dltyr;n =5 she )Li{ the ’”’“gbﬁj r‘,,\;D/('JIf its current exc :Jhng and diverse research
programme. It should P{'ﬁﬁih{:n !ﬁse//: to s[’ana’ readz} to address the r?ba/l’engﬂé that
w;/ft%mﬁl;gf from exploration of the new :Lﬁ‘rmh'et; and it should ID('?I‘HCVJJ te #Zn’/( inar
e Il‘r‘aﬁt.’lg{(jgl’r )/xaf;aa/venh/m. .

—overy.

4. In order to be in the position to puch the energy and
luminosity frontier even further it is vital to strengthen
the advanced accelerator R&D progranume; a coordinated

General issues

1. European particle physics is founded on strong national programme should be intensified, to develop the CLIC techmology
institutes, universities and laboratories and the CERN and high performance magmets for future accelerators, md to play
Organization; Ewrope should maintain and strengthen its asigrdficant role in the study and development of a high-ntensity

neutrino facility.

central position in particle physics,

5. ltis fundamental to complement the results of the LHC with

measurements at a linear collider. In the energy range of
physics make a well coordinated strategy in Europe 0.5 ta 1 TeV, the TLC, based on superconducting technology,
paramount; this strategy will be defined and updated by CERN will provide a unique scientific opportunity at the precision
frontier; there should be a strong well-coordinated Erropean
activity, including CERN, thiough the Global Design Effort, for
its design and techmical preparation towards the construction

2. Increased globalization, concentration and scale of particle

Council as outlined below.

decision, to be ready for a new assessment by Council wond

Scientific activities
2010.

3. The LHC will be the energy frontier machine for the

foreseeable future, maintaining European leadership in the

B

Studies of the scientific case for future neutrine facilities
and the R&D into associated technologies are required to

field; te highest priority is to fully exploit the physice potential e in a position to define the optimal neutrino programume
of the LHC, resources for completion of the initial programme based on the information available in around 2012; Council
Teave to be secured such that machine and experiments can operate will play an active role in promoting a coordinated Eiropean

optineally at heir design performance. A subsequent major participation i a global neutrino progrmmmme.

luminosity upgrade (SLHC), motivated by physics results
and ion experience, will be enabled by focussed R&D;

7. A range of very important non-accelerator experiments

take place at the overlap between particle and astroparticle
to this end, R&D for machine and detectors has to be vigorously .

physics expl otherwise I
pursued now and centrally organized towards a luminosity Council will seek to work with ApPEC to develop a coordinated

upgrade by aoind 2015, strategy in these areas af mutual interest.

8. Flavour physics and precision measurements at the high-
luminosity frontier at lower energies complement our
understanding of particle physics and allow for a more
accurate interpretation of the results at the high-energy
frantier; these shauld be led by national ar regional collaboratians,

wnd the participation of European L ies and institutes
should be promoted.

»

A variety of impoertant research lines are at the interface
between particle and nuclear physics requiring dedicated
experiments; Conneil will seek to work with NuPECC in areas
of mutual interest, and maintain the capability to perform fixed
target experiments at CERN.

10. European theoretical physics has played a crucial role
in shaping and consolidating the Standard Model and

in for possible scenarios for future discoveries.
Strong theoretical research and close collaboration with

expes \ ial to the adv: of particle

physics and to take full advant: fexperi progre:
The forthcoming LHC results will open new opportunities for
theoretical developments, and create new needs for theoretical
calculations, which should be widely supported.

Organizational issues

11. There is a fundamental need for an engeing process to
define and update the European strategy for particle
physies; Council, under Artiele II-2(b) of the CERN Conwvention,
shall assune this responsibility, acting as a council for European
particle physics, holding a special session at least once each year
for this purpose. Council will define and update the strategy
based on proposals and observations from a dedicated scientific
body that it shall establish for this prrpose.

12. Future major facilities in Europe and elsewhere require
collaborations on a global scale; Cauncil, drawing on the
European experience in the siccessful construction and operation
of large-scale facilities, will prepare a framework for Europe
to engage with the other regions of the world with the goal of
optimizing the particle physics output Hirough the best shared
wse of resonrees while maintaining Ewropean capabilities

13. Through its programmes, the European Usion establishes
inabroad sense the European Research Area with Ei

particle physics having its own established structures and
organizations; there is a need to strengthen this relationship for
conmmunicating issiues related to the strategy.

CERN/2685

The European strategy for particle physics

14. Particle physicists in the non-Member States benefit from,

and add to, the research programme funded by the CERN
Member States; Council will establish how the nomn-member
States should be involved in defining the strategy.

Complementary issues

15. Fundamental physics impacts both scientific and

P phical thinking, infl the way we perceive the
universe and our role in it. It is an integral part of particle
physics research to share the wonders of our discoveries
with the public and the youth in particular, Outreach
should be impl d with ad from the
start of any major project; Council will establish a network
of closely cooperating professional commmmication officers from
ench Member state, which would incorporate existing activities,
propose, implement and monitor @ European particle physics
conmmunication and education strategy, and report on a regular
basis to Council.

16. Technology developed for nuclear and particle physics

research has made and i making a lasting impact on
society in areas such as material sciences and biology
(e.g. hrot: diation facilities), ication and
information technology (e.g. the web and grid computing),
health (e.g. the PET scanner and hadron therapy facilities);
to further prawmote the tmpact of the spin-offs of particle physics
vesearch, the releoant techmology transfer representatives at
CERN and in Member states should create a teclnology transfer
forun to analyse the keys to the success in technology transfer
projects in general, make proposals for improving its effectiveness,
promoting knowledge transfer through mobility of scientists and
engineers between udustry and reseavch,

17. The technical advances necessary for particle physics both

benefit from, and stimulate, the g r
available in European industry; Council will consolidate and
veiuforce this connection, by ensuring that futire engagement with
industry tekes account of current best practices, and continously
profits from the accianulated experience.

Unanimously approved by the CERN
Council at the special Session held in
Lisbon on 14 July 2006

Rl.\!’ill Hl’l"l’.\\\u"d.\'

University
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The Strategy Group

University of London

« Co-chairpersons Members from delegations
— T. Akesson ECFA — W. Majerotto AUSTRIA
— K. Peach SPC — R. Gastmans BELGIUM
— J.Chyla CZECH REPUBLIC
*  Preparatory group — H. Boggild DENMARK
— R. Aleksan ECFA — J. Tuominiemi FINLAND
— S. Bertolucci ECFA — J. Feltesse FRANCE
— A. Blondel SPC — G. Herten GERMANY
— M. Cavalli-Sforza SPC — D. Nanopoulos GREECE
— R. Heuer SPC — G. Vesztergombi HUNGARY
— F.Linde ECFA — L. Cifarelli ITALY
— E. Rondio ECFA — S.de dJong NETHERLANDS
— B. Webber SPC — S. Stapnes NORWAY
— J. Nassalski POLAND
» Directors — G. Barreira PORTUGAL
— R. Aymar CERN — M. Aguilar SPAIN
— M. Calvetti LNF — B. Asman SWEDEN
— E. Coccia LNGS — A. Rubbia SWITZERLAND
— J. Engelen CERN — J. Thomas UK
— R. Eichler PSI
— A. Wagner DESY
— J. Womersley RAL * Observers
—_ G. Wormser LAL = R. Staffin USA
—_ J. Zinn-Justin Dapnia = E. Rabinovici ISRAEL
— D. Demir TURKEY
- Scientific secretary — M. Nozaki JAPAN
— M. Mangano CERN — M. Danilov RUSSIA
— R. Wade ApPEC
— T. Bresani NuPECC
— R. Petronzio FALC
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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

22 |V 2008
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Ordered Priorities

1.  EXxploit the opportunities offered by the LHC

2. Plan and initiate a comprehensive program to participate in the global
effort to complete the necessary R&D to design and plan an
international linear collider

3. Do what is necessary to mount an internationally compelling bid to
build the international linear collider on U.S. soil

4.  Seize the opportunities at the intersection of particle physics,
astrophysics, and cosmology by coordinating and expanding
domestic efforts

5.  Pursue an internationally coordinated, staged program in the physics
of neutrinos and proton decay

6. Pursue precision probes of physics beyond the Standard Model using
available resources as a guide to overall level of effort while
maintaining diversity

Similar statements from Japan ...
I

THE NATIONAL ACADEMIES 19
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@ EPP 2010 Members

= N. Augustine (Lockheed Martin) = N. Lane (Rice)

= J. Bagger (JHU) BPA Liaison = N. Lockyer (Penn)

= P. Burrows (London) = S. Nagel (Chicago)

= S. Dawson (BNL) Vice-Chair = H. Quinn (SLAC)

= S. Faber (UC Observatories) = R. Patterson (Cornell)

= S. Freedman (UC Berkeley) = C. Shank (LBNL)

= J. Friedman (MIT) = H. Shapiro (Princeton) Chair
= D. Gross (UC Santa Barbara) = P. Steinhardt (Princeton)
= J. Hezir (EOP Group) = H. Neal (Michigan)

= N. Holtcamp (ORNL) « H.Varmus (MSK)

= T.Kajita (Tokyo) « E. Witten (IAS)
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OECD Global Science Forum
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Science, Technology and Innovation for the 21st Century.

Meeting of the OECD Committee for Scientific and Technological Policy at
Ministerial Level, 29-30 January 2004 - Final Communiqué

High-energy physics

Ministers acknowledged the mmportance of ensuring access to large-scale research
mfrastructure and the mmportance of the long-term vitality of high-energy physics.
They noted the worldwide consensus of the scientific commumty, which has chosen
an electron-positron linear collider as the next accelerator-based facility to
complement and expand on the discoveries that are likely to emerge from the Large
Hadron Collider currently bemg built at CERN. They agreed that the planning and
mplementation of such a large, multi-yvear project should be carried out on a global
basiz, and should mvolve consgultations among not just scientists, but algo
representatrves of science funding agencies from mterested countries. Accordingly,
Ministers endorsed the statement prepared by the OECD Global Science Forum
Congultative Group on High-Energy Physics (Annex 3).

Ken Peach John Adams Institute 22 1V 2008



Annex 3
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International Co-operation on Large Accelerator-based Projects in High-energy
Physics

Ministers expressed their appreciation for the work of the OECD Global Science
Forum Consultative Group on High-Energy Physics. They welcomed the report from
the Group and commended the clarity and worldwide consensus they found among
the high-energy physics community in developing the roadmap for future large
accelerator-based facilities.

In particular, the Ministers noted several important points that were articulated in the
report:

e A roadmap that identifies four interdependent priorities for global high-energy
physics (HEP) facilities: 1) the exploitation of current frontier facilities until
contribution of these machines 1s surpassed; 1) completion and full exploitation of
the Large Hadron Collider at CERN: 111) preparing for the development of a next-
oeneration electron-positron collider; and 1v) the continued support for appropriate
R&D into novel accelerator designs.

Ken Peach John Adams Institute 22 1V 2008 17



@ The 4 “interdependent priorities”™

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

i) 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.

22 |V 2008



... and the rest ...
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University of London

e The need to have large, next-generation facilities funded, designed, built, and
operated as global-scale collaborations with contribution from all countries that
wish to participate.

e The need for strong mternational R&D collaboration and studies of the
orgamisational, legal, financial, and admuustrative 1ssues requured to reahse the
next major accelerator facility on the Consultative Group's roadmap, a next-
generation electron-positron collider with a significant period of concurrent
running with the LHC.

¢ The need to continue to educate. attract and tram vouneg people m the fields of
.................... lugh-energy physics, astrophysics and cosmology m the face of the increasingly

competitive environment where all areas of science, mdustry and commerce are
seekang to capture the unagmation of the most creative munds.

Ministers agreed that, given the complexity and long lead tuimes for decision
malking of major mternational projects, it 1s mmportant that consultations contimue
1thi scienfific ¢ ifies and, when it becomes appropriate, within mterested
governmental communities m order to maximuse the advantages offered by global

collaboration.

Ken Peach John Adams Institute 22 1V 2008



 Global consensus
— With Ministerial endorsement
* A global particle physics programme
—LHC
—ILC
— R&D
— Neutrinos ... ???

... and as much particle astrophysics,
flavour physics, precision physics &
huclear particle physics as can be fitted
in to the programme ...

Ken Peach John Adams Institute 22 1V 2008



Why do we have such a clear consensus?

e Because we have
the Standard 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

John Adams Institute

Ken Peach
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The Global Research Strategy

RDFHI Hu H“'H}'
University of London

Regional and National Regional and National
Research Facilities Research Facilities
(e.g. flavour factories) (...)
<1B
(with international
contributions)

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

>1B
Global Projects

Individual Individual Individual Individual
Research Projects Research Projects Research Projects Research Projects
(e.g. flavour factories) €) (-..) (...)
< 100M
(probably international
collaborations)
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@ Where are we in 2008?

» Scientifically

— We are still waiting for the LHC results
- Higgs?
« SUSY?
- Exotica of all kinds?

— Nothing has changed!!!

Tevatron Run II Preliminary
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Higgs Mass < 182 GeV/c?
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@ Where is the new Physics?

Neutrinos
— Origin of the (very small) masses?
— Majorana and/or Dirac?
o 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”4

« 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.

Ken Peach John Adams Institute 22 1V 2008



Orbach Statement to HEPAP

Rl.\!’ill Hl’l"l’.\\\u"d\_'

Unlversity of Londen

o Remarks Prepared for Delivery by

ST B Under Seerctary for Science Raymond L. Orbach

%&% i to the High Energy Physics Advisory Panel
ot o February 22, 2007

s  (wer the next faw years, the U5 and the international high-energy phyvsics communities will
see greal scientific opportunities and profound changes. These, in tum, will pose prefound
challenges. We must make the nght choices on the right tmescales to ensure the vitality and
continuity of the field for the next several decades and o maximize the potential for major
discovery throughout that period.

¢  Three events ane notable:

¢ The I8 accelerator-hased program will complete within the next several vears two
highly successful experimental campaigns — the Tevatron at Fermilab and the B Factary
at SLAC. They are making very significant advances in the field, and 1 congratulate
them for this and for succesding to run far above their onginal design luminosties.

* Sccond, within the next year, the LHC is scheduled to commence operations, opening
wide the door 1o the Terascale, and ushering in a pericd of new and exciting scientific
opportunity.

+  Finally, the Global Design Effart (GDE) just recently has released a reference design
for the Imernaticnal Linear Collider (ILC) — a machine that though its power, precision,

and clarity holds great promise for deepening cur insight into the mmvsteries of the
Universe.

* In making our plans for the future, it is important 1o be conservative and to leam from our
experiences, Even assuming a positive decision 1o build an ILC, the schedules will almost
certainly be lengthier than the optimistic projections. Completing the R&D and engineering
design, negodiating an intemational structure, selecting a site, obiaining frm fnancial
commitments, and building the machine could take us well into the mid-2020s5, of not later

*  Within this context, I would like (o re-engage HEPAP in discussion of the future of particle
physics. If the ILC were not to tum on until the middle or end of the 20205, what are the
rnght invesiment choaces to ensure the vitality and continuity of the field during the next two
o thres decades and to maximize the potential for major discovery dunng that period?

Ken Peach John Adams Institute 22 1V 2008



STFC Delivery Plan

Dalivary Flan 2008092011712

SECTION 2 DELIVERING WORLD CLASS SCIENCE

Surwarld class scisnce and facilities programimes enshlz cur research community to address 3 wide rangs of
Big Scierce questiore that are fundamental ta the advancs of krowledge and ar= of high societal and
sconomic impact

= Uy & theve o Undverse?
How did g aiax s farm 7
= VWas thers ever e on Mo P

How do planetary spshems evoies?
Hoow are the chamical slaments Teated?
How does our climate wok?

Delivery plan
2008/9-2011/12

How can wes create pew matsriais ta stors enargy?
How can wes mest mankinds need for shundant dlean snangy?
How can we design smavt materials?

Hoow do cefls wark?

How do degensmative dissases deveiop?
= How can we desgn betber beatments for canesr?

The science pragrammees and facilitizs reedsd o arsaer these questiore all buld en, and are conrect=d by
11 December 2007 wommen t=chnelagical faundatiors. World Leading capabilities in particle scceleratars, sersars and datectors,
sdvarced sngineering, space technology, and cutting edge computing, simulation and modelling underis the
whole rangs of the Council’s capabilities, and are made possible by a strong collaborative skills baze in
uniwersities, industry and owr laborabories. These capabilities will alsc enable us bo contribute to the planned
eross-Courcil pregrammes, building naturally on cur core competercies and to contribute s stp-change in
scaromic impact

A SCIENCE AMD TECHNOLOGY STRATEGY

Particle physics
Particle phrysics aims to decower the fundamental bulding Blacks of the Uriverse, how they interact, and how
this has shaped the structurs of the cosmes.

Dur highest pricrity will b= to exploit the Large Hadron Collider [LHC) at CERM, which starts operation in 2008;
this is because discowenies are guaranbeed, This accelerator is the first with sufficient snergy to acoess the
regime where our existing krowledge breaks downi: ot the werg Least, we hape to find the Higgs Bosen, which is
postulatsd to give particl=s their mass; theorstical models sugpest we will Likely cbs=re rew symmetries of
naturs, rew particles and foroes beyend thoss krown.

'With the commissioning of the LHC, CERN will be for at least the next decade the world's mest advanced
particle phyysics labaratory. Our membership of CERM gives us a strong and central role in this transformative
project ane of the tao major seperiments at LHC is UK-led. IF CERMN Council agres=s the proposad uplift in the
CERMN subscription to erakls the LHC bo be cperated optimally. This uplift will b= funded from the particle:
physics grants Line.

The UK research community has be2n a majer player in constructing the LHC and the highly advanced
computing infrastructure to handle the data. The commurity is now prepared and ready to =eplait the results
frem the machine and we will suppert the community to do se, within our financial constrainks.

'We will c2ase imeestment in the Interrational Linzar Cellider. 'We do nict see 2 practicable path towards the
realization of this facili i i

'We will ceass imvestment in the Inberrational Lin=ar Collider. 'We do rot see a practicable path towands the
reaisation of this faolity as owr=ntly concereed on a reasonable timescale.

strategy for further iwestmert in this ar=a. The lewel of futurs funding will b= deperd=nt on the success of cur
restructuring plans.
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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, ighored 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
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The “annus horribilis” continues

,f December 18", US Congress Houze -MATS

DIVISION C - ENERGY AND WATER DEVELOPMENT AND RELATED
AGENCIES APPROPRIATIONS ACT, 2008

Following is an explanation of the effects of this division of the House
amendment to the Senate amendment to H.R. 2764 (hereafter referred to as “the amended
bill”’) relative to the versions of the Energy and Water Development Appropriations Act,
2008 (H.R. 2641 and S. 1751) passed by the House of Representatives and reported by
the Senate Appropriations Committee.

SCIENCE

The amended bill provides $4,055,483,000 for Science instead of $4,514,082,000 as
proposed by the House and $4,496,759,000 as proposed by the Senate, Funds previously
provided for the Coralville, Iowa, project in the Consolidated Appropriations Act, 2004,
are rescinded.

High Energy Physics.—Funding under this heading in the amended bill includes
$694,638,000 for High Energy Physics. Within funding for Proton Accelerator-Based
Physics, no funds are prmrlded fnr tha NOVA actmty in Tevatmn Complex

rovided for Intematmnal Lm ar ( lll 55 00{} for Su

R&D. P 39
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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 MUST do more (notless) R&D
— both accelerators and detectors

- fortunately, the EU is more scientifically forward
thinking than the UK

— through FP7
« and CERN 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 is 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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1. Bumopran pastick plesic B founced on streng natlcnal
institutes, usmiverilies and laboratories amd the CERNM

Crganiestisn: Funee would manian amd sreogiben Ih
ey s’ paatiar 0 particle gl &S

* 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

John Adams Institute 22 1V 2008



@ Opportunities for CERN/Europe

 While CERN as a laboratory must
concentrate on the LHC

CERN as an organisation should 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

Ken Peach John Adams Institute 22 1V 2008



@ 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 wronqg 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
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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 ...

Ken Peach John Adams Institute 22 1V 2008



@ 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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