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% 1 he Mission of CERN

uniting people

Research

m Push 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 detectors

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

Train scientists and engineers of
tomorrow

Unite people from different countries and
cultures
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the Russian Federation, the United States of America,
Turkey, the European Commission and UNESCO




@ Science Is getting more and more global

MEMBER STATES §354

AUSTRIA 103
BELGIUM 101
BULGARIA 79
CZECH REPUBLIC 180
DENMARK 66
FINLAND 79
FRANCE 805
GERMANY
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Operating very high profile Research Infrastructures is a very
effective way to avoid brain drain — and promote brain gain




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

12000 % increase since 2001 20 MS
60% ;
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Age Distribution of Scientists
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Status of 1998 (120 PhD's total)
Survey in March 2009 it A
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They do not all stay: where do they go?
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Chemistry

Whereabouts of PhD's in Industry




Research

Q Interfacing between fundamental science and key

Accelerating particle Detec 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

“ Hadron Therapy

_Tumour : () Leadership in lon
/" Target 2h- 4\ : /(& '#&, : Beam Therapynow
/ ( \ L & = L &N = in Europe and
yi. , Protons a1 ) NETEN

light ions v
Accelerating particle 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)

I m a g I n g PET Scanner Brain Metabolism in Alzheimer’s

Disease: PET Scan
Clinical trial in Portugal
for new breast imaging
system (ClearPEM)

Detecting particles
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Fixed Target Physics

Antiproton Physics

Cold antiprotons

(“manufacturing anti-matter”) .
1. PS p — pp 10%/collision d \“
2. AD deceleration + co \-\5\\3

stochastir p“b
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CNGS - OPERA
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Muonless event 9234119599, taken on 22 August 2009, 19:27 (UTC)
D) (as seen by the electronic detectors)
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The CLOUD Experiment

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

m Studies suggest that cosmic-
rays may have an influence on
the amount of cloud cover
through the formation of new

aerosols (tiny particles W0
suspended in the = ne \
cloud dror! “b\\s
= Under _yWS © P
?\‘ e““ ~alg the
G (a\Js ~usmic-rays,
m ,..|Iate.
,c0°

. ume high-energy physics
accelerator used to study
atmospheric and climate science.
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Past few decades

“Discovery” of Standard Model

through synergy of

hadron - hadron colliders (e.g. Tevatron)

lepton - hadron colliders (HERA)

lepton - lepton colliders (eg.LEP)




Test of the SM at the Level of Quantum Fluctuations

t H
Z I z 700 T T R
: | prediction of the range
t Z — d for theHiggs mass
< 500 - \ 4
g‘mu = k ]
L L g \\ :
indirect determination of the top mass ¢ \ ]
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Key Questions of Particle Physics

60 -

1/0,

ohne Supersymmetrie

origin of mass/matter or U NN i
origin of electroweak symmetry breaking E
unification of forces -
fundamental symmetry of forces and 20 -
matter n: mit Supersymmetrie
. 1/a,
where is antimatter R B el

Wechselwirkungsenergie in GeV

unification of quantum physics and
general relativity

stars Daryon neutrinos

: : . dark ener dark matter
number of space/time dimensions 2

what is dark matter -

what is dark energy

PN
CLRNY
\

~/~



Solutions?
standard Mol | oo

Extensions of the SM gauge group :
Wilczek  Gross

Salam Glashow Weinberg Little Higgs / GUTs / ...
2 VeImn ‘t Hooft

0/ PoIiter

> o

Reines )
ﬁ;

“'.b dad

For all proposed solutions:
new particles should appear
at TeV scale or below

- territory of the LHC

Hofstadter Steinbrger

Schwinger o] vy ¥
ME: r s

Richter Gell-Mann Alvarez

Feynman

Selected NP
since 1957
Except P. Higgs

Supersymmetry - Extra Dimensions
New particles at = TeV scale, light Higgs New dimensions introduced

Unification of forces :
Me.vy = My, = Hierarchy problem
Higgs mass stabilized Gravity elw o yp

No new interactions New particles at = TeV scale




Enter a New Era in Fundamental Science

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.

| 'xploratlon of anew. energy frontler
Proton-proton and Heavy lon coII|S|ons 3
o e At up to 14 TeV




Proton-Proton Collisions at the LHC

= 2808 + 2808 proton bunches
separated by 7.5 m
— collisions every 25 ns
= 40 MHz crossing rate

= 10" protons per bunch

= at 103*cm?/s
=~ 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



Experimental Challenge

High Interaction Rate: N=Lo = 1034 x 100 x 10-%7

pp interaction rate 10° interactions/s
data for only ~100 out of the 40 million crossings can be recorded per

sec (100 — 150 MB/sec)
need fast, pipelined, intelligent electronics and sophisticated

data-acquisition

High Energy and Large Particle Multiplicity

~ <20> superposed events in each crossing

~ 1000 tracks stream into the detector every 25 ns
need highly granular detectors with good time resolution for low occupancy

large detectors, a large number of channels

High Radiation Levels
radiation hard (tolerant) detectors and electronics

N
C\LRNY

~/~



Physics Requirements

Follow from requirements to observe Higgs boson whether it is heavy or light,

to observe Supersymmetry if it is there (missing energy), to find other new
physics if it is there; all this in the presence of a huge background of

standard processes (QCD)

Very good muon identification and momentum measurement
trigger efficiently and measure charge of a few TeV muons

High energy resolution electromagnetic calorimetry
~0.5% @ E;~50 GeV

Powerful inner tracking systems
factor 10 better momentum resolution than at LEP

Hermetic calorimetry
good missing E; resolution

(Affordable detector)

D)

~/~



‘Generic’ experimental set-up

| I | I | I
Om im 2m 3m am 5m 6m 7m

Key:

Muon

Electron

Hadron (e.g. Pion)
----- Photon

Tracker

. Electromagnetic
)‘]! } ' Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
with Muon chambers

Transverse slice
through CMS

Deflection ~ BL?/p & need high B ( s.c.) and large magnets; need high resolution position measurements (10 -100u)
at large p; also energy and position measurement through total absorption (photon, electron, hadron)

o
CERN
7/




Enter a New Era in Fundamental Science

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.

Exploratlon of a new energy frontlér
Protop proton andgeﬁ&\o\ceihsmns 5

r S I‘WatEC,\,lu to T4 TeV

=
3
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Specialised detector to
study b-quarks > CPV

General purpose
detectors

5=
5

i
N

i
TR AN NS

Specialised detector to
study heavy. ion collisions




Key feature: reconstruct
secondary vertex

LHCb Preliminary

EVT: 49700980
RUN: 70684




C

Key feature: reconstruct
> 20’000 charged tracks
In one event

Overlap
INn physics
reach
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| SJATLAS

_li PERIMENT

/| Di-jet Event at 7 TeV

» Basic processes at LHC

fb (X2, QZ)

31
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Cross sections at the LHC

rate ev/year
10 17

186

LHC Vs=14TeV

GHz

inelastic

14 “Well known”

- processes. Don’t
need to keep all of

them ...

New Physics!!
We want to keep!!

.., \,

i scalar LQ‘
il

500 1000 2000 5000

particle mass (GeV)




Stored Energy [MJ]

1000

100

10

Stored Energy in the LHC

m = reached m =goals

Beam Momentum [GeV/c]

E | 1 1 I 1iIi I 1 1 || | | L L L DL I 1 | 1 1 | L L L I T H
i LHC (ultimate) m
- |
I LHC (nominal) -
; LHC Goal 2010
I - o ]
LHC Injection LHC Oct. ‘10
., SPS :
| ISR = :ERA :
. RH/C. Tevatron |
E 1 1 1 1 1 b1 I 1 1 1 1 1L 111 I 1 1 1 1 1 1 11 I 1 E
100 1000 10000
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LHC Luminosity for 2011 Proton Run

LHC 2011 RUN (3.5 TeV/beam)
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Grid Computing and CERN

Oct 26, 2010 4:50:00 pm

Civil Protection i
Computational Chemistry.
Comp. Fluid Dynamics
Computer Science/Tciéf”' IS Y
Condensed Matter P‘;/h BB N
Earth Sciences | -
Finance

Fusion

High Energy Physic

Humanities

Life Sciences

Material Sciences

Social Sciences

©2010/Tele Atlas
©2010-Europa-Technologies
US Dept of State Geographer
© 2010 Google
47°21'40.40"N  32°01'11.56"W  elev-3524 m

Running jobs: 117948.0

Transfer rate: 4.94 GiB/sec @
285 sites in 48 countries
~250k CPU cores
~100 PB disk

Large number of users

1M jobs/day

GEANT
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;| CMS Experiment at LHC, CERN
CMS ¢l Run 133877, Event 28405693
Lumi section: 387
Sat Apr 24 2010, 14:00:54 CEST

Electrons p+=34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c2

Z > ete”




W and Z production at 7 TeV
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o

Lepton charge asymmetry in incluSivelui

We are able to produce precision EWK measurements good enough to

constrain significantly the PDF global fits.

S

S

'
o

Lepton Charge Asymmetry

S

.t

Q*= M, ratio to NNPDF2.1

Lepton Pseudorapidity |

CMS+LHCb (*) \Ns=7TeV
T T T T l
4r pTLl > 20 GeV + LHCD, prelim. 16.5pb™ |
i s W—uv
2L
ol- CMS, prelim. 36 pb’
o Wos itv MCFM+MSTW2008NLO
2
41
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1.25)

NNPDF2.1 + WASY CMS 30 GeV cut
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-

(M. Ubiali, LHC EWK Workshop April
2011)
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Summary of main electroweak and top cross-section measurements

I Illlllll I lllllll]

[T HIHI|

IIH| I7T IIIIII|

0 (pp> H) m=130 GeV guEte

Inner error: statistical

Outer error: total

0.7

i _ 0.7 fo’!

ATLAS Preliminary

'[ L dt = 0.035 - 1.04 b
\s=7TeV
Theory

= Data 2010 (~35pb’)
o Data 2011

1"

:

y4

|

Wy

Zyit{ it

Www

New entry |
oxBR(ZZ~> 4l)
~ 40 fb

Good agreement with SM expectations (within present uncertainties)

Experimental precision starts to challenge theory for e.g. 1t (background to most H searches)

Measuring cross-sections down to few pb (~ 40 fb including leptonic branching ratios)

ATLAS, SPC, 20/6/2011
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Excellent performances 2010

0 Experiments demonstrated
readiness in the exploitation
of the 7 TeV p-p and
2.76 TeV Pb-Pb data;

Analyses proceeded very
rapidly;

Y(1,2,3S)

Events/GeV

CMS Preliminary EXperimentS have about
completed their journey
through the Standard Model

L ... and have started to take

u'w mass (GeV/c?) us into uncharted territories

\s=7TeV, L =40pb’




Search for the Higgs-Boson at the LHC

Production rate
of the Higgs-Boson
depends on its mass

as well as its decay possibilities
("Signature (or picture)"
as seen in the detector)

1 S e b | =l 7 [l mm T
= bk / =
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i | =
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g - cC Vi \\ ) |I 3
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ios M, (GeV/c?) 103

D

o (nb)

10
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10"
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10”
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10
10°
"

10

107

proton - (anti)proton cross sections

Otot

Te\:'a:lron Li IC

let(EI]el > \s/20)
6[
6(E; =100 GeV)

G

G (E[" > Vs/4)

61100 (M,, = 150 GeV)

Higgs

Gpiges(M;, = 500 GeV)
1l ) o gl

0.1 |
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10
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10°
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10"
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10
10”
5

10

107

events/sec for L=10"c¢m" s
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CMS SM Higgs Search

b% | CMS Preliminary,\s=7TeV | o Opserved | |
s Combined, L =1.1-1.7 fb” B Expected o

6 10F ] o Bpected 20 [
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£ [ro——

= I

O B

X

9
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1 | ! | | 1 1 | | 1 | | 1 1 1 111 | T | 1 1 | l 111
100 200 300 400 500 600
Higgs boson mass (GeV/c?)

Expected exclusion mass range: 130 — 440 GeV

Observed exclusion mass range: 145-216, 226-288, 310-400 GeV

=
CERN
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All channels together - combined constraints

13 reliminary ClLs Limits :
b —
c sgryed

2 --- Expelcted .
= ILdt = 1.0-2.3fb _|
£ 10 +1o 3
- : =
d + 2 6l \s =7 TeV .

O\O

Te}

o
TH N ol Y e =
10'1 1 1 1 1 1 | L | 1 1 1 1 | 1 1 1 1 |
200 300 400 500 600

m, [GeV]

ATLAS Prgl

H->vy

H-> 171

W/ZH-> Ibb+X
H> WW®O |vlv
H> ZZ®") > 4|
H> ZZ > llw

H> ZZ > llqq

J Ldt = 1.0-2.3
\s=7TeV

95% CL Limit on o/cy,,

_.,
UI

IR
[

| L 11111l

1 1 l 1 1 1 I 1 1 I
200 220 240

m, [GeV]

Excluded by ATLAS ot 95% cL : 146-466 GeV, except 232-256, 282-296 GeV

Expected if no signal at 95% cL : 131-447 GeV

O LHC provides first direct exclusion (95% CL) of a large mass range until now unexplored
0 The best-motivated low-mass region (EW fit: m, < 161 GeV 95% CL ) still open to exploration
O Data are within 20 of expectation for no signal over full m, range - no significant excess




CMS & ATLAS Projections Compared

-
o

95% CL Limit on c/cgy,

—
Q

:::ﬁ:ﬁ:i:gfﬁf: - 1fb 7TeV e fip! @ 7 Té..\l:::
........ e T 5fb 7TeV| . — 5 fb -1 @ 7 Tev_

PrOJected 95% CL Limit on O'/O'SM

120 200 300 400 500
Higgs mass, m_ [GeV/c?]
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Summary of Prospects

SM Higgs Search Prospects (Mass in GeV)

ATLAS + CMS 95% CL 3 o sensitivity | 5 o sensitivity
~ 2 x CMS exclusion
1 fb1 120 - 530 135 -475 152 - 175
2 fb! 114 - 585 120 - 545 140 - 200
5 fb1 114 - 600 114 - 600 128 - 482
10 fb-1 114 - 600 114 - 600 117 - 535

—

be discovered or ruled out in
=~ next twelve months
- Decided to run in 2012

SM-Higgs Boson, if it exists between
masses of (114 - 600 GeV) will either




Finding the Higgs: Discovery

Excluding the SM-Higgs: Discovery

Reminder:

LHC is poised to clarify the mechanism by
which elementary particles acquire mass



Search for physics beyond SM

0 Discovering new particles

0 Making precise measurements of
properties of known particles/forces:
e.g. LHCDb: B, & p*p-

1

Oy

Ow

Oz
O, (Er>100GeV)

—> we are entering new territory !

Events/sec for L = 1033 cm2s

o p//




New Rough Draft 10 year plan

| 2010 | 2011 | 2012 | 2013 | 2014 2015 2016

M{J|J|A/S/OND|J|FIMA/M/J|J/ A S ON|D/J|FMAM|J JASON|IDJFMAMIJ JASONDIJIFMAMIJIJIASONDIFMAMIIASONDIJFMAMI|IJAISOND

Machine: Splice Consolidation & |
Collimationin

e SHutdown will

ATLAS - Conso

= @Xtend far into

CMS-T.
IConsolid n

X-Masmaintenance
X-Masmaintenance

LHCb - ¢ i |

?Cryo-  imation point |

injectors  [AIRRRIRINI | [oinieieieiomnl] | (oo [ [ ([ [ (Pieiaiieieieid [ (e |

SPS upgrade I ?SPS-LIM  %connection & ? PSB energy upgrade I

update of European HEP Roadmap

2016 | 2017 | 2018 | 2019 | 2020 2021

JIFIMAMIJ|J|A|/S OND|JFMAMIJ|J|ASOND|JFMAMIJ|JASONDIJFMAMIJIJASONDIJFMAMIJJASONDIFMAMIJIJIASOND

Machine: Collimation & prepare for
kcrab cavities & RF cryo system

Machine - maintenance &

ATLAS - New inner detector

ATLAS: n\

for ultima S h utd own

ALICE- In

as e 2017 or 2018

CMS - New Tracker
Photodetectors. Lompieton ot

Fovomcns pgrade Plan to continue
LHCb - full trigger upgrade, new until at IeaSt 2030

vertex detector etc.

Injectors (BTN [ T [ [ [ [ || [ [ | (e i 0] ]

SPS - LINAC4 connection &
PSB energy upgrade

ALICE - Second vertex detector
upgrade

X-Masmaintenance |

X-mas maintenance







Next decades

Road heyond Standard Model

through synergy of

hadron - hadron colliders

lepton - hadron colliders

lepton - lepton  colliders
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High Energy Hadron — Hadron Collider

HE - LHC
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HE-LHC — LHC modifications

i HE-LHC
030-33

LHC

Nor'th Area SPS+,
1.3 TeV, 203033

TT40 TT41

) ;*N{Jm‘n 0s
CNGS

2006 Gran Sasso

TR\,

1999 (182 m)

f()( )\lf R

2- qg LI}ﬁaoster

EEEER East Area

A : 1
PS - '
-
4 L J ‘ CTF3
Q e
2005 (78 m)|
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HE-LHC — main issues and R&D

 high-field 20-T dipole magnets based on Nb,Sn,
Nb Al and HTS

* high-gradient quadrupole magnets for arc and IR
» fast cycling SC magnets for 1-TeV injector

« emittance control in regime of strong SR damping
and IBS

» cryogenic handling of SR heat load (first analysis;
looks manageable)

* dynamic vacuum

July 23, 20711 S. Myers ECFA-EPS, Granoble



rmﬁw
V) - < A ; :':‘:.:__{,;"-‘.

Lepton — Hadron Collider

LHeC
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Determining Leptoquark Quantum Numbers

Single production gives access to quantum numbers:
- fermion number (below) - spin (decay angular distributions)

- chiral couplings (beam lepton polarisation asymmetry)

# Fermion number F from asymmetry in e+/e-p cross sections
» Much cleaner accessible in DIS

A= o -0, |>0forF=2 U - . - .
o_+o, (<0forF=0
E’ Fermion number determination
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LHeC options: RR and LR LH.O

CMS RR LHeC:
new ring in
LHC tunnel,

ity ith bypasses
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Linear e*e Colliders

m The machine which will complement and
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
ILC with superconducting cavities

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

c\u/&y 59
S



Linear Collider layouts
http://www.linearcollider.org/cms hittp://clic-study.web.cern.ch/CLIC-Study/
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ilp i
H The ILC SCRF Cavity

Figure 1.2-1: A TESLA nine-cell 1.3 GHz superconducting niobium cavity.

- Achieve high gradient (35MV/m); develop multiple
vendors; make cost effective, etc

- Focus is on high gradient; production yields; cryogenic
losses; radiation; system performance

July 23, 2011 S. Myers ECFA-EPS, Grenoble 61
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Electropolished 9-cell cavities

JLab/DESY (combined) up-to-second successful test of
B ALCPG 1.0ct.2009 ®AAPG6.Jan.2010 ©LCWS Beijing 26.Mar.2010 OTDP Rev.5 30.Jun.2010
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Feasibility studies and the CDR

drive beam 100 A, 239 ns

~ Feasibility issues: 238 GeV -> 240 MeV
*  Drive beam generation quadrupole
] . QUadrupgle POWer-gxtrac
Beam driven RF power generation ‘ : tansfer gy, <1100 and

»  Accelerating Structures
Two Beam Acceleration
e  Ultra low emittances and beam sizes

€/e » nr_.
c 9s .
*  Alignment e J26H,
»  \Vertical stabilization . . = W
o i i i main beam 1.2 A, 156 ns
Operation and Machine Protection System e A .

8/)4'7
CDRs: — ayc
* Vol 1: The CLIC accelerator and site facilities b
»  CLIC concept with exploration over multi-TeV energy range up to 3 TeV : 4 A
» Feasibility study of CLIC parameters optimized at 3 TeV (most demanding) DRIVE B \
» Consider also 500 GeV, and intermediate energy ranges ' / sOMev

* Vol 2: The CLIC physics and detectors
« Vol 3: CLIC study summary

«  Summary and input to the European Strategy process, including possible implementation stages for a CLIC
machine as well as costing and cost-drives

»  Proposing objectives and work plan of post CDR phase (2012-16)
«  Timescales:
* Byend2011: Vol 1 and 2 completed
»  Spring/mid 2012: Vol 3 ready for the European Strategy Open Meeting
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Acceleration vs DBR
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Status and major issues of Linear Colliders

ILC CLIC
0.5 TeV upgradable to 1 TeV *+ extension in multi-TeV range
Mature SC-RF technology * Novel scheme of Two Beam
(TESLA- Flash- XFEL) Acceleration (TBA): CTF1,2,3
CDR in 2007, TDR in 2012 - CDR in 2011, TDR in 2016?
Global Intern. collaboration & *  Multi-lateral Int. Collaboration of
organisation (GDE) 41 volunteer Institutes

Extremely fruitful collaboration between CLIC and ILC
Joint working groups on common issues with great synergies

Joint IWLC Workhop (18-22/10/2010 @ CERN)

Next Joint LCWS (26-30/09/2011 @ GRANADA/SPAIN)
http://www.ugr.es/~lcws11/index.php

Towards single Linear Collider community and....

Possibly future joined project based on Physics requests (LHC
results) and technology choice as best trade off between
wy2s. 2011 performance, Maturity, fisk, cost, etc.... 65




High Priority ltems for Linear Collider Projects

ILC and CLIC projects - LC project

Construction Cost
Power Consumption

Value Engineering

66



Next decades

Road heyond Standard Model

through synergy of

e en
QBT - HE?-LHO)

hadron - hag e WaY
colliders (LHeC 7?)

epton - lepton colliders (Lc (ILCorcCLIC) ?)



Results from LHC will guide the way

Expect

m period for decision enabling on next steps earliest 2012
(at least) concerning energy frontier

m (similar situation concerning neutrino sector ©,5)

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

and need

m intensified efforts on R&D and technical design work
to enable these decisions

m global collaboration and stability on long time scales
(don‘t forget: first workshop on LHC was 1984)

-> more coordination and more collaboration required

T
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Membership for Non-European countries
New Associate Membership defined

Romania in accession to membership

Negotiations started with Cyprus, Israel, Serbia,
Slovenia, and Turkey concerning membership

concluded last Friday with Israel

Several countries expressed interest in associate
membership

New Relations with International Organizations in
Geneva
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We need to define the most appropriate organizational form
for 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 need

global partnership for global, regional and national projects
in other words: for the whole program

Use the exciting times ahead to establish such a partnership

- v
CERN
@V "’
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Particle Physics can and should play its role as

spearhead in innovations as in the past

now and in future
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