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Train scientists and engineers of
tomorrow

Unite people from different countries
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The Standard Model of Particle Physics .

The matter particles

g € - neutrino @ electon
Q L - neutrino @ muon
g T - neutrino @ tau

The fundamental interactions
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Study physics laws of first moments after Big Bang.
Increasing Symbiosis between Particle Physics,

Astrophysics and Cosmology.
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From Cosmic Rays to CERN

; \ .. Cosmic-ray

. CERN set‘up in 1954 to study these particle ietil

showers were
found to
contain many
different types
of particles...
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THE
LARGE HADRON COLLIDER



The Large Hadron Colhd’e),(ﬂ’HC

Design E_ = 14 TeV & 1034 cm2 st

Several thousand billion protons STTa R

Each with the energy of a fly (7 TeV) .Origin of mass
99.9999991% of light speed Nature of Dark Matter
Orbit 27km ring 11 000 times/second | |<Primordial Plasma

A billion collisions a second *Matter vs Antimatter







The LHC Arcs






THE PHYSICS AT THE LHC



Why do Things Weigh?

Newton: N K =l Y
Weight proportional to Mass ' ; |

Einstein: y i:f
Energy related to Mass _

Neither explained origin of Mass

Where do the masses
come from?

.v‘.-_ . i

Are masses due to the Brout-Englert-Higgs (BEH)
Mechanism & the Higgs boson?
(the physicists’ Holy Grail)

.




The ATLAS Experiment S

e Detector characteristics
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The Story so Far

b UV

Run 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

P,H) =27 GeV n(u)= 07
p,(1*) =45 GeV n(u*) = 2.2

M =87 GeV
MM

@ Z>pu candidate
in 7 TeV collisions




Higgs Boson Production

Higgs boson production
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= /s=8TeV: 25-30% higher o than /s=7 TeV at low m,,
= All production modes to be exploited
- ggVBF VH ttH

» Latter 3 have smaller cross sections but better S/B in many cases T fusion




Higgs Boson Decays

5 decay modes exploited

LHC HIGGS XS WG 2010

Branching ratios

High mass: WW, ZZ
Low mass: bb, tt, WW, ZZ, yy

Low mass region is very rich but
also very challenging:
main decay modes (bb, ) are hard

to identify in the huge background

Very good mass resolution
(2%6):| H=2>yy |and H2>ZZ-> 4l
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The Higgs is hiding in thousands.

of trillion interactions...




CMS Higgs Boson Candidate

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT '

Run/Event: 194108 / 564224000
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ATLAS Higgs Boson Candidate 2

ATLAS event with
4 muons.

Candidate for
H=>Z7Z*=2> 4p

@ATLAS
EXPERIMENT
http://atlas.ch

Run: 189280
Event: 143576946
2011-09-14 12:37:11 CEST




The Higgs Signal

Accumulation of data
= Gold-plated channel H — ZZ — 4 leptons in CMS and ATLAS

CMS Preliminary
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The Highlight of a Remarkable Year 201 @

Volume 712, Issue 3, 6 June 2012 ssNoT026 | ‘ In praise of charter schools
: The _ Britain's banking scandal spreads
E cCOno mi st Volkswagen overtakes the rest
A power struggle at the Vatican
LY T 1390 2012 Eccnoerit com When Lonesome George met Nora
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Nobel Prize in Physics 2013

N b

The Nobel Prize in Physics 2013 was awarded jointly to Francois
Englert and Peter W. Higgs "for the theoretical discovery of a
mechanism that contributes to our understanding of the origin of
mass of subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental particle, by the
ATLAS and CMS experiments at CERN's Large Hadron Collider”.



Studying the Higgs boson... a
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The News Since July 2012

The discovery of the new particle has been
confirmed with more added collisions in 2012

Signals in the fermion-channels start building up

We tested the spin: it is compatible with a 0*
state and not with a O or spin 2 states

The mass is measured better with time, now in
the rangel 25-126 GeV.

The couplings to Bosons and Fermions are
consistent with the SM predictions (but these are
not very precise yet; surprises possible...)
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What is Next? &Y

The work is not over yet. Many guestions still remain unanswered:
o|s it THE Standard Model Higgs boson or a messenger of New Physics ?
*How can we explain a Higgs mass ~ 126 GeV? What stabilizes the mass?

*What explains the mass pattern of the particles that we observe?
What is Dark Matter and Dark energy? Supersymmetry at higher masses??
*Where is the antimatter in the Universe? How did it dissapear??

Higgs as a portal

® having discovered the Higgs?

e Higgs boson may connect the Standard
Model to other “sectors”

SU(3)axSU(2)uxU(1)y

hidden Higgs quarks
sector sector leptons

Need for precision measurements with ~100x the present statistics
LHC upgrade ! Experiment upgrades!! (Other machines?)

30






Supersymmetry &y
A New Symmetry in Nature?

Standard particles SUSY particles

40

SUSY force particles

3 isolated leptons
+ 2 b-jets
+ 4 jets

+ E?'IISS
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The ALICE Experiment
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Primordial Plasma Q

Lead-lead collisions at the LHC study the primordial plasma,
a state of matter in the early moments of the Universe

More than 10,000
particles per event
in the detector

Pb collisions may liberate quarks

Study the phase transition
of a state of quark gluon
plasma created at the time

of the early Universe to
the baryonic matter we
observe today

A lead lead collision simulated in the ALICE detector N



Where does the Matter come from?

Dirac predicted the existence of antimatter:
same mass :
opposite internal properties:
electric charge, ...
Discovered in cosmic rays
Studied using accelerators

L]
us

LHC experiments are searching for answer



Rare Decays: B, to i ¢ Decays &

*A B, particle is a particle consisting of a beauty-quark
and strangeness-quark, with a mass of ~ 10 GeV
*Three B, particles in a billion will decay into two
muons. This decay has been chased since 25 years.
*New physics modifies Standard Models predictions

BR(Bs — 't p17) =356 4029 x 107"

Observation:

BR(Bs — putp™)=(29+0.7) x 1077

Results
from

LHCDb
+CMS
experiment
VIR TR ] combined

BB 107




The Predictable Future: LHC Time-line @

Run 1: 7 and 8 TeV centre-of-mass energy, luminosity
ramping up to few 103 cm2 s, ~25 fb! delivered

LHC shut-down to prepare machine for design
2013/14 energy and nominal luminosity

02 '
Run 2: Ramp up luminosity to ne~ 6‘8\\9 0 100 fbY)

\
and centre-of-mass energy /* O\’Q(\ N\Oc\e
2018 Injector and LHC Phas- 6@‘ .nate luminosity

S
O
(o° Py et
6«\6_ x nominal, reaching ~100 fb-! / year
o)
\06\3

N
~2023 Phas ?‘(\\36..nosity LHC. New focussing magnets and
CRAB > for very high luminosity with levelling

Run 4: Collect data until > 3000 fb1




LS1 from Feb. 2013 to Dec. 2014 A

16™ Feb 11t July
2013 2014 2015
Mfafm] |1 [als]ofn|p]|Ffmialmfs [l a]sfo[N]D])[F]M]A

B LHC -
N SPS I
B PS I
i PS Booster B
- beam to beam J
navailable for works y .
B Physics Shutdown

Beam commissioning Powering tests
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LHC Schedule beyond LST 2

LHC schedule approved by CERN management & LHC experiments
December 2013

2018 2021
Q11Q21Q3 | Q4 Ql | QZ Q3104 |Q1 | Q2 | Q3 o4|Q1iQ2 | Q3104 |a1 | 102103104 |Q1 | QZ Q3 Q4 |Q11Q2 Q3 Q4

LHC
Injectors

2025 2028
Ql | QZ Q3104 |Q1 | Q2! 03 1Q4(011Q2 | 103 /04 |Q1 | Q2103104 |Q1 | QZ Q3 Q4 1Q1 | 102103 ! Q4 Q11021Q3 |04

LHC
Injectors

Injectors
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80-100 km tunnel infrastructure in Geneva area —

design driven by pp-collider requirements
with pOSS|b|I|ty of e+ -e- (TLEP) and p-e (VLHeC)

el 27 R

FCC Design Study [ AR
Kick-off Meeting: f -

12-14. February 2014 !
at Geneva University

*Establishing international
collaborations

«Set-up study groups and
committees
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ISOLDE &
Radioactive lon Beam Facility

m More than 900 nuclides of
over 70 chemical elements
delivered to users - by far
largest choice among
ISOL-type facilities '
(experience gathered over J‘ -_;..f:'“” yield (at/uC)
40 years). e 20 i

Ty 1E3
---_-._F"';---:B 1E4
s --21 1E5

P 1E6

m Experiments range from
pure nuclear physics to
“‘applied” research in
materials science and
medicine.




KNOWLEDGE &
TECHNOLOGY TRANSFER



Sl

Research

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

Leadership in lon
Beam Therapy now
in Europe and

( ‘ Japan
Acceleratlng partlcle beams - profons
~30°000 accelerators worldwide >70°000 patients treated worldwide (30 facilities)
~17°000 used for medicine >21°000 patients treated in Europe (9 facilities)

Brain Metabolism in Alzheimer’s
Disease: PET Scan

s‘"*’f‘

Imaglng PET Scanner

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

*

| E\\\\\*\ AR
Detecting particles
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The LHC Data Challenges e

Experiments were anticipated to
produce about 15 Million Gigabytes
of data each year (~20 million CDs!)

The total volume in eg ATLAS is 5
billion detector events and several
billion Monte Carlo events amounting
to 100 Million Gigabytes of data in 3
years

LHC data analysis requires a
computing power equivalent to
~100,000 of today's fastest PC
processors

=> Requires many cooperating

computer centres, as CERN can only _
provide ~20% of the capacity GRID Computing

48



The Worldwide LHC Computing Grid @

Tier-2 centres
(about 130)

: Tier-1 centres
NDGF -
Tier-0 Nordic Coinlios T nearly 160 sites,
(CERN and Hungary): - ; Germany 35 countries
. BNL 9,
data recording, us - A RAL
' \ ' UK
reconstruction and SR 3l ~2507000 cores
distribution
Tier-1: permanent i I ‘ 173 PB of storage
storage, re- i
processing, comoes #75  |
analysis France " 8 1
; >
... e 2 million jobs/day
Netherl
etherlands Caaits
Tier-2: Simulation, )
10 Gb links

end-user analysis

WLCG:
An International collaboration to distribute and analyse LHC data

Integrates computer centres worldwide that provide computing and storage
resources into a single infrastructure accessible by all LHC physicists
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’ CERN School of High Energy Physics
- CERN School of Computing
CERN Accelerator School

Physics Students
Summer Students
Programme

CERN Teacher Schools
International and National
Programmes




CERN Teacher Programme

Teacher Programme Participants 1998 - 2013 (Total: 7087)

MEMBER STATES

Austria 111
Belgium 110
Bulgaria 279
Czech Republic 146
Denmark 83
Finland

France

Germany

Greece

Hungary

Israel

Italy

Netherlands 99
Norway 105
Poland 544
Portugal 328
Slovakia 221
Spain 309
Sweden 147
Switzerland 177
United Kingdom 1048

620 1 OBSERVER OTHERS China

STATES Angola Croatia
CANDIDATE FOR Indi Australia < Cyprus
ACCESSION l'_“ f“ Azerbaijan Dominican Rep.
Romania capan % Brazil Ecuador
}l{llll:l: l:i ; Burundi Estonia
ASSOCIATE MEMBER US,\L' (::uncmon 5 Georgia
Canada Ghana

IN THE PRE-STAGE s : - ~ ¢ .
TO MEMBERSHIP | (upc Verde B Guinea Bissau
Serbia Chile : Iran

Ireland
Kazakhstan
Kenya
Latvia
Lebanon
Madagascar
Malta

Morocco Swaziland
Mozambique Thailand
Qatar T.EYR.OM.
Rwanda Timor-Leste
Sao Tome Uganda
Saudi Arabia Ukraine
Singapore U.AE.
Mexico Slovenia

Mongolia South Africa

Montenegro 13 South Korea
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Summer Students 2013

Summer Students 2013

Austria
Belgium

N W W

Czech Republic
Denmark
Finland

B —
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Netherlands
Norway
Poland

Switzerland
United Kingdom
New Zealand Tunisia
Pakistan Ukraine
Palestine U.AE.
Philippines Venezuela
Saudi Arabia Zambia
Sloveni,

South Africa

T ar

Korea, South
Lebanon
Lithuani
Madagascar

Estonia
Georgia
Ghana
Hong Kong
Iceland
Indonesia
Iran
Ireland
Kazakhstan
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OBSERVERS 43 : E::::::::Er
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Turkey Canada
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INTERNATIONAL
RELATIONS



CERN was fotriclac 1954: 12
“Science for Peace”

~ 2300 staii
~ 1600 other paid persennel
~ 10500 scientific Users

Budget (2014) ~1000 MCHFE

Member States: Austria, Belgium, Bulgaria, the Czech Republic, Denmark,
Finland, France, Germany, Greece, Hungary, Israel, Italy, the Netherlands,
" Norway, Poeland, Portugal, Slovakia, Spain, Sweden, Switzerland and

the United Kingdom
Candidate for Accession: Romania
Assoclate Member in Pre-Stage torMembership: Serbia

Applicant States for Membership o Associate Membership:s
Brazil, Croatia, Cyprus, Pakistan, j&uss‘a, Slovenia, Turkey, Ukraine’

Obser H’S{t Llln&iln India; Japan, uss!a, Turkey, United Sta{teé of America;
@) Europ\eﬂw Commission and/ UNESCO - -
% Mool

‘ 54
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Science is getting more and more globa@

Distribution of All CERN Users by Location of Institute on 14 January 2014

MEMBER STATES

Austria 75
Belgium 152
Bulgaria 49
Czech Republic 208
Denmark 50
Finland 93
France 835
Germany 1185
Greece 98
Hungary 59
Israel 49
Italy 1337
Netherlands 174
Norway 86
Poland 186
Portugal 113
Slovakia 55
Spain 293
Sweden 84
Switzerland 330
United Kingdom 769

CANDIDATE FOR OTHERS China 122 Iran 20 Pakistan

6280 ACCESSION China (Taipei) 71 Ireland 5 Peru
OBSERVERS Romania 86 Argentina 13 Colombia 10 Korea 105 Saudi Arabia
India Armenia 16 Croatia 23 Lithuania 13 Slovenia
Japan R " . Australia 39 Cuba 3 Madagascar 3 South Africa
Russia AS;S‘( )( ;l AT l‘: M !“M‘B‘hk Azerbaijan Cyprus 13 Malaysia 8 Thailand
Turkey lN ““:‘ I)Rl}'s,lA('l“ Belarus Egypt 18 Mexico 46 T.EY.R.OM.
USA IO MEMBERSHIP Brazil Estonia 17 Montenegro 1 Ukraine

3 Canada Georgia 11 Morocco 6

Serbia 30 Chile Iceland 4 New Zealand 5
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Age Distribution of Scientists

- and where they go afterwards

Status of 1998 (120 PhD's total)

Survey In MarCh 2009 Industry

Today:
~2500 PhD students
In LHC experiments R

Research Centre

Whereabouts of PhD's

omputing

Finance

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

They do not all stay: where do they go?

Chemistry

Whereabouts of PhD's in Industry



> South Africa & CERN Sl

o Inthe early 1990s, senior physicists in South Africa saw the advantages
of collaborating with CERN, particularly for the training of young
scientists.

o In 1992, South Africa and CERN signed an International Co-operation
Agreement concerning the further development of scientific and
technical Co-operation in research projects at CERN.

o South Africa-CERN Collaboration in place.
Launch Event of the SA-CERN on 15 Dec 2008

Builds on the long-standing excellent relations



> South Africa & CERN Sl

Q Initial participation in fixed-target
experiments and ISOLDE continues
and has evolved.

O November 2001: University of Cape
Town & iThemba LABS joined ALICE
& recently University of
Witwatersrand.

Q July 2010: Team from Universities of
Johannesburg & Witwatersrand joined
ATLAS and subsequently Universities
of Cape Town & KwaZulu-Natal.

0 Collaboration in theoretical physics.
at ALICE

O CERN —iThemba LABS collaboration
on accelerator sector for hadrontherapy.

O Developing computing Grid infrastructure.



CERN - innovate, discover,
publish, share

... and bring the world together






