.-D. Heuer, CERN AEPSHEP, Fukuoka, Oct 2012
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uniting people ¥

Research

a Push forward the frontiers of knowledge ‘

E.g. the secrets of the Big Bang ...what was the matter like e
within the first moments of the Universe’s existence?

a Develop new technologies for
accelerators and detectors

Information technology - the Web and the GRID
Medicine - diagnosis and therapy

QO Train scientists and engineers of
tomorrow

QO Unite people from different countries and
) cultures
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~ 2800 sjeztif

~1050 J‘Lhar gellel p.arsonnel

~17000'C | —

Budget (2012) ~1000 MCHE

.

Member States: Austria, Belgium, Bulgaria, the Czech Republic, Denmark,
- Finland, France, Germany, Greece, Hungary, Italy, the Netherlands, Norway,

Poland, Portugal, Slovakia, Spain, Sweden, Switzerland and

the United Kingdom

Candidate for Accession: Romania
Associate Members in the Pre-Stage to Membership: Israel, Serbia

h Applicant States: Cyprus, Slovenia, Turkey

< Observers to Council: India, Japan, the Russian Federation, the United
States of America, Turkey, the European Commission and UNESCO

@) ‘ |
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Science Is getting more and more global

Distribution of All CERN Users by Nation of Institute on 3 Septembher 2012

5.
& >0

MEMBER STATES 2 ‘ «Q-
T

Austria 118

Belgium 152 :

Bulgaria 53 : 3 o

Czech Republic 194 i

Denmark 74 L A ‘ ‘\“
Finland 106 o ‘ ‘ 3

France 878 j I“ ‘7
Germany 1282 . aj ‘,,'
Greece 110
Hungary A

Italy 38 lv(,
Netherlands " 5
Norway ’ )

> o

Poland

CA‘NQIDATE FOR OTHERS Chile 6 Georgia 12 Morocco T.F.YR.OM.
ACCESSION China 117 Iceland 1 New Zealand Tunisia
OBSERVERS Romania 89 Argentina 20 China (Taipei) 70 Iran 21 Oman Ukraine
India Armenia 15 Colombia 9 Ireland 9 Pakistan Venezuela
Japan T ST C Y = Australia 33 Croatia 22 Korea 96 Peru
Russia ASSOCIAT P: MP‘M‘BP‘R Azerbaijan 2 Cuba 3 Lithuania 13 Saudi Arabia g
Turkey IN THE PRE-STAGE Belarus 21 Cyprus 9 Malta 1 Slovenia g 949
USA TO MEMBERSHIP Brazil 105 Egypt 10 Mexico 45 South Africa

Israel 67 Canada 160 Estonia 17 Montenegro | Thailand
3 Serbia 29




Evolution of the number of CERN users by
geographical location of the home institute: 2001-2010

12000 % increase since 2001
60%
10000 all
8000
© 3 Member States 40%
ElGoco - —————
4000 Observer States 120% 6 Observer States:
‘_*__._‘/__* India, Israel, Japan,
2000 Other Non-MS 145% Russia, Turkey, USA
= - = s 1__—__._—____..-———-.——'._'_.

0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2(
year P




Status of 1998 (120 PhD's total)

Survey in March 2009 Industey @%l

400

350 i 2500 PhD students —

| Other

30— ErkeE in LHC experiments —
250 — BEREEERE - University

Research Centre
200 ——— S EEREEEEEEEEEENERNENE -

Whereabouts of PhD's

htus of 1998 (68 PhD's total)

(T Qg

100 Hiiiil=

omputing

50 | Finance /

L JURERRRANCAERVANCAEERRAAYCARERRAARAARERR "I,I,l,u,.,.,..,.,.,. ,,,,,,,,

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 85

Commun.

They do not all stay: where do they go?

Chemlstry

@ Whereabouts of PhD's in Industry




CERN: Particle Physics and Innovation

uniting people

Research

Q Interfacing between fundamental science and key
technological developments

AN - | L
| — < _lf’ ‘ :
) -~ 5

O CERN Technologies and Innovation

=y A R QLS
: - s 3
© W/ HRR AATITIRNNNX
Accelerating particle Detecting particles Large-scale
beams computing (Grid)
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5, CERN Technologies and Innovation

" uniting people

Research

Cutting edge Research Infrastructures play a key role in a
knowledge driven society

Knowledge is — and will be more and more — the most precious
resource for a sustainable development



CERN Technologies and Innovation

Example: Medical applications
Combining Physics, ICT, Biology and Medicine to fight cancer

/_Tumour Leadership in lon
Target Beam Therapy now
_.%_- in Europe and
- f Protons . ) : Japan
light ions i "
Acceleratlng partlcle beams X-ray protons
~30°000 accelerators worldwide >70’000 patients treated worldwide (30 facilities)
~17°000 used for medicine >21’000 patients treated in Europe (9 facilities)

Disease: PET Scan

f% “ I m a.g I N g PET Scanner Brain Metabolism in Alzheimer’s

Clinical trial in Portugal
for new breast imaging
system (ClearPEM)
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North Area

ALICE

AD

—ﬁ—.—‘
'-
-~
—

------

) protons D antiprotons  AD Antiproton Decelerator  LHC Large Hadron Collider
) ions b electrons  PS Proton Synchrotron n-ToF Neutron Time of Flight

) neutrons }neutrinos SPSSuperProtonSynchrotron CNGSCERNNeutnnosGranSasso CTF3 CLIC Test Facility 3
‘ "L'jr g = / l i ¢ <5 o~ 1

27 km circumference



The Particle Physics Landscape at CERN

High Energy Frontier

LHC
Hadronic Matter Low Energy Non-accelerator
deconfinement heavy flavours / rare decays dark matter
non-perturbative QCD neutrino oscillations astroparticles
hadron structure anti-matter

Multidisciplinary
climate, medicine

Non-LHC Particle Physics = 0(1000) physicists / 0(20) experiments

In the past 1.5 year

Several breakthroughs !
Steady progress of other programs
New mid-term and long-term projects started or in discussion

C. Vallee SPC-274 Non-LHC Particle Physics at 13
CERN



Fixed Target Physics

Antiproton Physics Neutrino Physics

Cold antiprotons

(“manufacturing anti-matter”)

1. PS p — pp 10%/collision

2. AD deceleration + cooling Anti-H annihilations detected
stochastic + electron

3. Extraction @ ~ 0.1c

4. Produce thousands of anti-H  gnti-H (pe*) + matter — mm + yy

ATHENA (— ALPHA)

T 511 keV Y

Silicon micro
strips

Csl el

crystals ——

%z projection

511 keV Y
Neutral Current

CERN 14
A~

Current




Breakthroughs... ALPHA

i@ First successful trapping of Anti-Hydrogen atoms
0‘),@ Trapping times of more than 15mn regularly achieved

Breakthroughs... ASACUSA

I Antiproton mass measurement

._

van Dyck 86 / CODATA 86 -

——@&— Farnham 95

e Beier 02 L p 1836.15267245(75)

<
0‘}@& o Ve o ‘CODATA 2010

factor 4 only
@1 CODATA 02 average

— 1836.1526736(23)
Nature 475, 484 (2011).

67 68 69 70

——&— This work




Parallel talk by Marilisa De Serio

OPERA v_appearance

o Status of the analysis First cand. (> Lhad kink) reported in 2010

+ 2 candidate events so far 1

+ A few more events are under

+ Progress In estimating detection

2008-

2009

2010-

2011
2012

Total

(expected 2.1 with 0.2
background events)

study.

'd
g !
d -

efficiency and BG.

Finished 2783 1
In analysis 1343 1
Started

4126 21 2 0.2




Aerosol nucleation under
Breakthroughs... CLOUD controlled conditions

Particle
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"o 103 (& 3 :

7 ‘bXQ oot MY = Nucleation depends on traces of
SVl ‘:.‘.o.',;‘ i’i P - organic vapors (tertiary process) and
e 3 ion-pair limitin . 15 o e at ' s sensitive to cosmic rays ionization
*é - boundary Iaygt‘:{;"\" :

& 10— { YeS““S . - :
g ce\\ent firs sc'\e““sts ‘" Atmospheric nucleation rates
§ EX . tel'est by enel"‘“ p\lb“ however not reproduced
z Great? cerest Y g 3 with H,SO, + NH, only,
Grea i other (yet unknown) organic
- T, 3 compounds needed.
Irradiati.on at cosmic level 2932; -
< t NH . .
10_3 IIIIII 1 1 IIIIHI I 1 IIIIIII 1 I II(IIIII ppl I I3I)IHI| More Studles OngOIng
5 6 % 9
10 10 10 10° 10 at lower temperature
Sulphuric acid concentration, [H,SO,] (cm ") |
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Past few decades

“Discovery” of Standard Model

through synergy of

nadron - hadron colliders (e.g. Tevatron)

epton - hadron colliders (HERA)

epton - lepton colliders (e.g. LEP)



Key Questions of Particle Physics

60 - e 1/a,

origin of mass/matter or N
origin of electroweak symmetry breaking I

unification of forces >0k

fundamental symmetry of forces and 20 -

matter B mit Supersymmetrie

5 1/a,
where is antimatter o R R e

Wechselwirkungsenergie in GeV

unification of quantum physics and

general relativity

stars Daryon neutrinos

number of space/time dimensions

what is dark matter .,

what is dark energy

dark energy dark matter

CERN
\
<L



Solutions?
Technicolor
@E@m@j@ Dﬂ@j M@@@i New (strong) interactions produce EWSB

Extensions of the SM gauge group :

Wilczek Gross . Salam Glashow Weinberg Little Higgs / GUTs / ...

For all proposed solutions:
new particles should appear

at TeV scale or below
> territory of the LHC

Hofstadter Stelnbrger

Schwinger @ \ ; sylk 7
i d ; A
Richter Gell-Mann"pjuare
. Feynman o Alvarez Taylor AR

, since 1957

Except P. Higgs
Supersymmetry

New particles at = TeV scale, light Higgs
Unification of forces
Higgs mass stabilized
No new interactions

Extra Dimensions

New dimensions introduced
MGravity & Mey = Hierarchy problem
solved




Proton-Proton Collisions at the LHC

m 2QNQ + 22NQ nrntnn hiinrhac

Today: 1400 + 1400 bunches

- 20 MHz crossing rate
=40 MHz crossing rate

Design Energy:

7+ 7 =14 TeV = 10! protons per bunch
Today: 4 + 4 = 8 TeV = at 10%cm¥s  Today: 6.5 x 10%
= 35 pp interactions per crossing
pile-up

— = 10° pp interactions per second !!!

= in each collision
=~ 1600 charged particles produced

enormous challenge for the detectors
and for data collection/storage/analysis



New Era in Fundam_ental Science
Start- up of the Large Hadron Colllder (LHC)‘, on’eﬁ the Iargest and truIy global




Specialised detector to
study b-quarks - CPV

General purpose
detectors

Specialised detector to
study heavy ion collisiens



u}) LHC Experiments - complementary

-

Overlap
N
physics
reach

Key feature: reconstruct
secondary vertex

) ﬂ LHCb Preliminary
Tl B RE Sdily ol 7 e 23— EBAT0GED
A i i i L2y i S0\ AN RUN: 70684



Overlap
In
physics

Key feature: reconstruct
> 20°000 charged tracks
INn one event

IN
physics
reach



http://aliceinfo.cern.ch/static/Pictures/pictures_High_Resolution/wwwFirstPbPb/ev4796_RPhi.png
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@0 Basic processes at LHC

CUATLAS

* EXPERIMENT

/| Di-jet Event at 7 TeV

fy (Kz, Q?)
Vg

&

CERN
\
L

28



Basic processes at LHC

29



Cross Section (,,Production Rate*) of Various Processes

109 109

1

107 <107

More than 10 orders of
magnitude difference betwe

total reaction rate

1
=)
Events/sec for L = 103 cm—=s

and = . UHW (m"=15OGeV) i .
) t TTeV | A
- med B R RTINS AR AL T 107
rate of new physics 0.1 1
Ecy (TeV)

- select 1 out of much more than 10 billion . . .

10



Evolution of Integrated Luminosity (september 13)

()]
.|:..

S | | | | |
22} ghﬁsta Online Luminosity
2010 pp \'s =7 TeV

m— 2011 pp \/s = 7 TeV
m— 2012 pp s = 8 TeV

Delivered Luminosity [fb ]
>

—
o
III|III|III|III|III|III|III|III|III|III|II

July 4th

8 seminar
6

=~ 400 trillion
4 { collisions
2
0 | | |
yor ) 3ol oct

Month in Year

September 17, 2012 S. Myers SPC 31
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Grid Computing and CERN

| | - g s 5 o (@)
: 285 sites in 48 countries

~250k CPU cores

~100 PB disk

Large number of users

1M jobs/day

Astronomy & Astrophysi
Civil Protection )
Computational Chemistry;
Comp. Fluid Dynamigs}
Computer Science/T@
Condensed Matter P
Earth Sciences

GEANT

Finance
Fusion \
High Energy Physics (WLCG) EGEGG?
Humanities \ nabling Grids

for E-sciencE

Life Sciences EGEE-IIl INFSO-RI-222667

Material Sciences
Social Sciences

©2010/Tele/Atlasi - ©201OGOOS‘I.€VM

©2010-Europa-Technologies
US Dept of State Geographer

® 2010 Google
47°21'40.40"N  32°01'11.56"W  elev-3524 m Eye alt 15441.40 km o



ICS Obl'e '
D16

Di-top @
W/Z + N jets
W/Z Measurements

Di-top Observation

1 pb?
Integrate



Most recent electroweak and top cross-section measurements

ATLAS Preliréninary

LHC pp ¥s = 7 TeV
Theory
m Data 2010 (L= 35 pb™)
O Data2011 (L=1.0-4.7 "

LHC pp ¥s =8 TeV
=== Theory

s Data 2012 (L=5.7fb™

0 Important on their own and as foundation for Higgs searches

Inner error: statistical
Outer error: total

0 Most of these processes are reducible or irreducible backgrounds to Higgs

0 Reconstruction and measurement of challenging processes (e.g. fully hadronic tt,
single top, ..) are good training for some complex Higgs final states

ATLAS: Status of SM Higgs searches, 4/7/2012

35




«»w Excellent performance...... <

re-discovery of the Standard Model

Y(1.2.35) O Experiments have
about completed their

journey through the
Standard Model ...

>
3
@
=
2
i

CMS Preliminary

(5o 7TeV. L =40 pt” and have started to
- take us into new

territories ...

10
u'u- mass (GeVich



The New Territory

We are poised to tackle
some of the most profound questions in physics:

_' F‘: %
- o q o 2

“Newton’s” unfinished business... what is mass?

< Nature’s favouritism... why is there no more antimatter? >

The secrets of the Big Bang... what was matter like within the first
moments of the Universe’s life?

Science’s little embarrassment... what is 96% of the Universe made of?



How to study antimatter at LHCb

B — K O | el ~ |
E | mekr = Bk

ACP =-0.088 *= 0.011 =* 0.008 gmog ............................ g.zau.oi ...........

Most precise and first 50 B 150

Observation of CP violation

500

in @ hadronic machine

A R R E [ Y T
5 &1 52 53 54 55 56 57 58 % 51 52 53 54 55 56 57 58
K" a" invariant mass (GeV/c") K =* invariant mass (GeV/c?)

';;140:— ‘ "§140ﬁ— — ‘
BS Tc K §1zu: émz_ _ 4
2 T ST BS — 1 K
100(; gmn
A, =0.27 £ 0.008 = 0.02 s
. . 60F s0F- 1
First 30 evidence for A % N SO SR A Y S
CP asymmetry in Bs decays e -
35_I 51 52 53 54 55 56 57 38 05 51 52 53 54 55 56 5.7 8

K" x* invariant mass (GeV/c”) K* x” Invariant mass (GeV/c?)

17-02-2012 38



B, — Mfp : very sensitive to “New Physics”

20 m
LHCb

~ 15 I MSSM-LL
3 - (but result
? from CMS
= very close)
&
m
X
[

MSSM-AC

40 50

10° x BR(Bs — ptu™)

New experimental bounds already exclude large
part of constrained SUSY model parameter space



The “beauty” of charm

« LHCDb can profit of the huge charm production cross section at the LHC (~6mb):

LHC is a charm-factory !

(D" > =)
- First Evidence of CP viol. in charm decays ACP(f) - “\Q > £)
in the measurement of D>hh asymmetry I vzef R
| e (tg cXS
AA, = ACP(KJ’K')—AE,J’*:* z,(c@ 6@\ * Q&&z c’(o"
- xus’, a0 e %
« Theoretical 2 s’(o. 60(‘ &0“ “0(‘ T :
compat_ oW 2 cx 0™ e e © .
with . ) z / . ' | * : ]
Xt - N ..g from 2 * * :
“C_onveﬁ\) O“d —.iysics unlikely, but af 3
stlllpOS:Qoz\l )| ST U |

| CDF confirms this result: (-0.62 = 0.21 =% 0.

10)% |

Run block



The New Territory

We are poised to tackle
some of the most profound questions in physics:

PR 4
4 4 : &
Y - ), ’

“Newton’s” unfinished business... what is mass?

Nature’s favouritism... why is there no more antimatter?

Qe secrets of the Big Bang... what was matter like within ’@
moments of the Universe’s life?

Science’s little embarrassment... what is 96% of the Universe made of?




Interaction of Quarkonia
with QGP

J/V less supressed in then
denser QGP !
Recombination ?

Selected

PbPb results: ALICE
Raa

ﬁ 1.4
o 1 W ALICE (Pb-Pb {8, = 2.78 TeV), .50y, p >0 (preliminary)
1.2
| a PHEMEX {Au-fu [, = 0.2 TeV), 1.2<|y|<2.2, p_=0 [arXi:1103.6268)
[
J LHC |
-
I
0.8+

061" [] 4 RHIC | _
n_4:— %FHE 4 {? ’ '
n:r.z; ¥ g & W

[ 11 1 1 I IIIIII I IIIIIIII I 11 1 1 I 11 1 1 I 11 1 1
DO 50 100 150 200 250 300 350 400
(N7



Low p_T direct photons — a direct thermometer
for the temperature of the fireball

1{'3 I I I I | I | | | I | I | I | I | I | I I I ] I I |

)
g 10 0-40% Pb-Pb, {Syy = 2.76 TeV
5 10 ALICE
b5 1 —$— Direct photons PRELRIRERY
; == Direct photon NLO foru = 0.5t0 2.0p,_ (scaled pp)
= 101 - . . ) - tat+syst
& —— Exponential fit: Ax exp(-pJT), T = 304+ 5T MeV
10 "
’
10°
10*
10°
10°
1UI 1 1 1 | 1 1 1 I 1 1 1 | [ 1 1 | 1 1 1 | 1 1 1 I 1 1 1
0 2 4 6 8 10 12 14
P, (GeVic)

Integrated over fireball history: T = 304 MeV

initial temperature = 450 MeV
P around

highest temperature ever measured in the laboratory
~ 9 )
3.5x10*% K




The New Territory

We are poised to tackle
some of the most profound questions in physics:

_“Newton’s” unfinished business. .. what is mass?

Nature’s favouritism... why is there no more antimatter?

The secrets of the Big Bang... what was matter like within the first

moments of the Universe’s life?
Gcience’s little embarrassment... what is 96% of the Universe made OD




Dark Matter

Astronomers &-gstr ph ICISIS over the next two decades using
powerful n%ﬁv tele .'r-'- S \/ L how dark matter has shaped

’s 2e I he nlght sky.
b

Only parti = al rjsmatter In the

labC e anokUl Y tltls

Oy

Compo~"' X " Hf article

“«\ o ! . - ..

N ‘ : ‘ .

more rich and varled as .t
—

3

-~
o visible world)-
A s 1 =

LHC may be the perfect machine to study dark n]’atter.



Particles

Supersymmetry /l \

@® unifies matter with forces

for each particle a
supersymmetric partner

‘1

"\

b Supersynunetnc

(sparticle) of opposite e "shadow" particles

statistics iIs introduced

60 -

@ allows to unify stron 50 -
and electroweak forc:g\él0
sin20,,SYSY= 0.2335(17)
sin%0,, > = 0.2315(2)

@ provides link to string theories 10 -

@® provides Dark Matter candidate
(stable Lightest Supersymmetric Particle)

1/a,
N

1/a,

w/o supersymmetry

with supersymmetry

10°

10" 10"
Energy (GeV)



Standard particles SUSY particles

o

H

Higgsino

<2

n
|
N >
-

Quarks ° Leptons J Force particles Squarks Sleptons SUSY force particles g .'

‘ :

§ Candidate Particles for Dark Matter
= Produce Dark Matter in the lab

SUSY particle production at the LH

. _-
\ 9

3 isolated leptons
+ 2 b-jets
+ 4 jets

+ E?'IISS

D i
Marusa Bradac




Main ATLAS results on SUSY searches

—
> I NEW [
— \
________ / 1 1 LI III I 1 1 LI
MSUGRA/CMSSM : 0-lep + J's + E e §=Gmass
MSUGRA/CMSSM : 1-lep + |'s + Er e § =0 mass f Ldt=(0.03-4.7) fb"
MSUGRA/CMSSM : multijets + E; . b mass (large my) Vs=7TeV
@ Pheno model : 0-lep +J:'S + E7 miss Gmass (m(@) <2 TeV, ||ghtx )
IS Pheno model : 0-lep + j's + Er e Gmass (m(@) <2 TeV, ||ght %, %) ATLAS
§ Pheno model : 0-lep + j's + Er e a r{ass (m(@) <2 TeV, m(x )< 200 GeV) Preliminary
g Pheno model : O-lep +j's + E; ... g mpss (m('a} <2 TeV, m[x )czuo GeV)
% Gluino med. § + 3" (§— q@x) - 1-lep +j's + E . s {m{x ) <200 GeV, d\m[i* i ) FAM(T, % } =1/2)
£ GMSB : 2-lep OS__ + Er yiss gmass {tanﬁ < 35)
GMSB : 1-t + j:s + ET.rniss mass (tang = 20)
GMSBG:;;:: j's + Er.miss 1 Tev {tanﬁ > 20)
________________________________________________ I B s }>5GGGV}
S Gluino med. b [g—-b 7 ) :0-lep + b-j's + E iee g mass (rg(if} < 300 GeV
T Gluino med.T ('”—-tt;.g1 1-lep + b-j's + Er e grgass (m
£ Gluino med. t{’“—»ttx ):2- Iep (SS) +]'s + Ep iee &
‘% Gluino med. t("'—-tt ) i multi-f's + E7 e
§ Dlrectbb[b—-bx] 2 b-jets + Eq e
D.rect‘f“{emss) Z(~1l) + b-jet
""""""""""""""""""" P = —t
% MmN
______ a VB:I

eV limit in [0.2,90] ns})

=1

g mas

—

Fixel det. only)
GMSB : stable T

RPV : high-mass eu
Bilinear RPV : 1-lep

et ... but potential for discovery of
SUSY sizeable even at 7 or 8 TeV

mass

v mass (A...=010. A...=0.05)

*Only a selection of the available mass limits o

48




Search for the Higgs-Boson at the LHC

Production rate
of the Higgs-Boson
depends on its mass

as well as its decay possibilities

LHC HIGGS XS WG 2011

6 (nb)

proton - (anti)proton cross sections

Gtot

Tev a:{z‘on Llj"-E(,".

vl
S

0, ,(E,” > Vs/20)

GW

01

6,,(E;/ ™00 GeV)

Gt

GJEL(E[JEt > ".5!4)

Griges(My, = 150 GeV)

G,1g0s(My, = 500 GeV)
L II L L L1 11| I
0.1 !

Vs (TeV)

/
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- | = , -
FWH - Fvbbl\  \Y vevwy,
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e

events/sec for L=10"¢cm s
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3 o F . ] o 50 4
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A Collision with two Photons

A Higgs or

a ‘background’
process without
a Higgs?




S(B Weighted Mass

= Sum of mass distributions for each event class, weighted by S/B
= Bisintegral of background model over a constant signal fraction interval
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July 44 2012 The Status of the Higgs Search




Evolution of the excess with time
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ATLAS Higgs searches, F. Gianotti, HEPAP meeting, 27/8/2012
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Physics Letters B cover

ATLAS and CMS "Higgs discovery”
papers published side by side in
Phys. Lett. B716 (2012)

g
:
:
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How does it “interact” with all the other particles?

CMS =s=7TeV,L=51f"'{s=8TeV,L=53 15"

T = 1255 GeV ATLAS 2011 - 2012 m, - 1260 Gev
W,ZH — bb :

Vs = 7TeV: [Ldt= 4.7 15"

H— 1t
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.. Is it a scalar particle ?

.. Is it the Higgs Boson?
or one of several?

.. its properties could give information
on Dark Matter

.. its properties could give first hints
on Dark Energy

our understanding of the Universe

IS about to change



Next decades

Road heyond Standard Model

- At the energy frontier:
through synergy of

(;resu“s adron colliders

lepton - lepton  colliders



There is a program at the energy frontier
with the LHC for at least 20 years:

3 TeV
14 TeV design luminosity
14 TeV high luminosity (HL-LHC)







High Energy Hadron Collider (HE — LHC)

(= 33 TeV in the LHC tunnel, or larger tunnel?)
Lepton - Hadron Collider (LHeC)

[Lepton Collider (ILC/CLIC)]
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Both projects are global endeavours, now
under one umbrella \3060(\

Wide range of Physics ~|
&S

- Higgs coure 1 particular self coupling
2

- r\r’,\de%’{,‘f\lgstudies of Z, W, and Top

NES. W .
new physics phenomena
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Linear Collider layouts

http://www.linearcollider.org/cms

hitp://clic-study.web.cern.ch/CLIC-Study/
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H/ Yearly Progress in Cavity Gradient Yield
as of April 24, 2012

o

100 -

2nd pass yield - established vendors, standard process

+ >25 MV/m yield ® >35 MV/m yield

~ 85% @ 25 MV/m
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 Roadmap (Japan) just published

 Roadmap discussion (US) next year

« Update of the European Strategy for Particle Physics
In 2012/13 = Strategy of Europe in a global context

- Several Meetings with international participation
—> bottom-up process: community input important
- Finalization: May 2013
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 CLIC conceptual design report 2012

“o“(\e(
* Participation in all LC actiyvit “e@’
a““
0%
 LHeC conceptll' a‘oo,.gn report 2012

e
. R&f‘g\xxo ...gh -fleld magnets (towards HE-LHC)

* Generic R&D (high-power SPL, Plasma Acc)

« Participation in Neutrino-Projects studied
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« Membership for Non-European countries

 New Associate Membership defined

CERN participation in global projects
Independent of location



Past decades saw precision studies of 5 % of
our Universe - Discovery of the Standard Model

The LHC is delivering data

We are just at the beginning of exploring
95 % of the Universe



Past decades saw precision studies of 5 % of
our Universe - Discovery of the Standard Model

The LHC is delivering data

We are just at the beginning of exploring
95 % of the Universe

exciting prospects



