Large Hadron Collider @ CERN
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LARGE HADRON COLLIDER
Four detectors around the 27-km-long accelerator will hunt for new particles, including the
Higgs boson or “God particle™
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On Tuesday afternoon, March 30th, 2010, for the first time the LHC achieved 7 TeV collisions
and ATLAS recorded their  first proton -proton collision events at this record energy.

'ATLAS |2-Jet Collision Event at 7 TeV
EXPERIMENT

2010-03-30, 13:16 CEST
Run 152166, Event 399473

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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On Tuesday afternoon, March 30th, 2010, for the first time the LHC achieved 7 TeV collisions
and ATLAS recorded their  first proton -proton collision events at this record energy.

Collision Event at

A EXPERIMENT

2010-03-30, 12:58 CEST
Run 152166, Event 316199

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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The Twenty Member States of CERN

Member States (Dates of Accession)

AUSTRIA (1959) I DENMARK (1953) GREECE (1953) | NORWAY (1953) — SPAIN (1/1961-12/1968-1/1983)

. S S — =] _'_
BELGIUM (1953)  ®M WEEE FINLAND (1991) HUNGARY (1992) POLAND (1991) SWEDEN (1953)
- l l ® +
BULGARIA (1999) FRANCE (1953) ITALY (1953) - PORTUGAL (1986) SWITZERLAND (1953)
— a— Dt
CZECH FR (1993) B GERMANY (1953) NETHERLANDS (1953) SLOVAK FR (1993)  Z1IS UNITED KINGDOM (1953)

Founded in 1954 , the CERN Laboratory sits astride the FrancodSwiss border near Geneva It was
one of Eu r o dirstd jpint ventures and now has 20 Member States : Austria, Belgium, Bulgaria,
the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Italy, The
Netherlands, Norway, Poland, Portugal, the Slovak Republic, Spain, Sweden, Switzerland,

the United Kingdom.
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European Organization for Nuclear Researc h
Organisation eurc péenne pour la recher he nucléaire

LHC, accelerating science | accalagateur de sciel

)

‘ “
i
]
§

\
i

On Thursday 11February RomanianMinister of Education, Research, Youth and Sport, Daniel Petru Funeriu,
and CERN Director -General, Rolf Heuer, signed an agreement that formally recognises Romania as a
Candidate for Accession to membership of CERN

R o ma n prexr@esnbership will cover a five -year period during which the ¢ o u n t contribusions will ramp
up to normal Member State levels, in parallel with Romania's participation in CERN projects . At the end of
this five -year period the Council will decide on Romania's application for full membership, as the
Organization's 21st Member State .

Romaniaentered into direct collaboration with CERNin the early 1990s. In recent years Romaniahas been
constantly increasing its expenditure on R&D and this has been intensified since the country's accession to
the EU in January 2007 .

Romania is involved in three LHC experiments, namely ATLAS, ALICE and LHCb. It also contributes
to the DIRAC and ISOLDE programs and to GRID computing.

CERNMBulletin: http://cdsweb.cern.ch/record/115090#2In=en
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The name is derived from the acronym for the French Conseil Européen pour la Recherche
Nucléaire , or European Council for Nuclear Research, a provisional body founded in 1952 with the
mandate of establishing a world -class fundamental physics research organization in Europe. At that
time, pure physics research concentrated on understanding the inside of the atom, hence the

word Onucl ear 0

When the Organization officially came into being in 1954, the Council was dissolved, and the new
organization was given the title European Organization for Nuclear Research, although the name

CERNwas retained .

Today, our understanding of matter goes much deeper than the nucleus, and C E R Nian area of
research is particle physics i the study of the fundamental constituents of matter and the
forces acting between them. Because of this, the laboratory operated by CERN is commonly

referred to asthe European Laboratory for Particle Physics.
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Its business is fundamental physics, finding out what the Universe is made of and

how it works.

At CERN,the wo r |latgés and most complex scientific instruments are used to

study the basic constituents of matter A the fundamental particles .

By studying what happens when these particles collide, physicists learn about the

laws of Nature .

The instruments used at CERNare particle accelerators and detectors .
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Nobel prices

J. Steinberger F.Bloch  S. Ting G. Charpak C. Rubbia S. vander Meer
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CERN's structure

Council Secretariat

(B. van den Stichelen)

EU Projects Orffice (5. Stavrev)
Legal Service (E-M. Gréniger-Voss)
Translation & Minutes (1. Pym)

Director for Administration &
General Infrastructure
Sigurd Lettow

Resources Planning & Control

Finance & Procuremant
(FP)

T.Lagrange

Deputy: C. Saitta

General Infrastructura
Services (GS)

T. Pettersson

Deputy: M. Tiirzkari

Human Resources
(HR)

A-5. Catherin

Deputy: 1-M. Saint-Viteux
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Director-General
Rolf-Dieter HEUER
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E. Rondio
E. Tsesmelis
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Diractor for Research &
Scientific Computing
Sergio Bertolucci

Review of Research Collaboration

Information Technology
(I

F. Hemmer
Deputy: D Foster

Phiysics (PH)
P.Bloch

Deputies: A Gonidec,
L. Alvarez-Gaume

Extarnal Relations (F. Pauss)
Communication {J. Gillies)

Host States Relations (F. Eder)
Internal Audit (L. Esteveny)
Knowledge & Technology Transfer
(. Parrinella)

Safety Commission (R Trant)

VIP Office (W, Korda)

Director for Accelerators &
Technology
Stave Myers

Projects Office

Beams

(BE)

P. Collier

Deputy: 0. Bruning

Engineering
(EN}

V. Vuillemin
Deputy: R. Saban

Technology
(TE)

F. Bordry
Deputy: L. Rossi

N

\
\ \
!g \ g

PH : Physics department

AGS : Administration and General Services
ALICE : A Large lon Collider Experiment
ATLAS : A Toroidal LHC ApparatuS

CMS : the Compact Muon Solenoid experiment
DT : Detector Technologies

EDU : Educational group

ESE : Electronics System for Experiments group
LCD : Linear Collider Detector

LHCDb : The Large Hadron Collider Beauty experiment
SFT : Software design for experiments group
SME : Small and Medium Experiments team

TH : Theoretical physics unit

TOTEM : TOTal cross section, Elastic scattering and
diffraction dissociation Measurement at the Ihc
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M The Large Hadron Collider

is a 27 km long collider ring
housed in a tunnel about 100 m
underground near Geneva




7 TeV 7 TeV
B ——
I/f':
s “a _4:—‘:} N
= B
ESSSSSSSSE
LHC - B CERN
»ozaloint 8 “==" ATLAS ALICE
ol =5 Point 2

CcMS
Point 5

E540 - V10/09/97

Ctlin Alexa, 31 Martie 2010, AOSR



The LHC experiments

B The two large experiments , ATLAS and CMS, are based on general-purpose detectors to analyse the

myriad of particles produced by the collisions in the accelerator . They are designed to investigate the
largest range of physics possible. Having two independently designed detectors is vital for cross-

confirmation of any new discoveries made.

B Two medium- size experiments , ALICE and LHCb, have specialised detectors for analysing the LHC

collisions in relation to specific phenomena

The ATLAS, CMS, ALICE and LHCDb detectors are installed in four huge underground caverns located
around the ring of the LHC.

B Two small size experiments , TOTEM and LHCf. They are designed to focus on 6 f o r wpa rdt |

(protons or heavy ions). These are particles that just brush past each other as the beams collide, rather

than meeting head-on.

The detectors used by the TOTEM experiment are positioned near the CMS detector, whereas those used
by LHCf are near the ATLAS detector .

Ctlin Alexa, 31 Martie 2010, AOSR 12



The Large Hadron

Collider (nominal parameters)

pp Vs = 14 TeV Lgesign = 10%¢ cm2 -1 (after 2012/3)
10-14 TeV L, ;o < few x 1033 cm2s-! (before)
Heavy ions (e.g. Pb-Pb at~ 1150 TeV)

P
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ATLAS and CMS:
general purpose

LHC 27 km ring (previously
used for the LEP e*e- collider)

Plus two much smaller
experiments with very
forward detectors at

Exisfing S ructures

_ Point-1: LHCf
| HC Project Structures .
ALICE: LHC Excavated Stucturss ” ST.CENr Point-5: Totem
| HC Completed Structures (CE) / AQ N2 2
Heavy IonS LHC Compistad Structures (CV, EL, HM, MA] ATLAS B

LHCb:
B-physics, CP-violation
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It will take less than 90 microseconds (I ¥for a proton to travel once around the mainring d a speed of about 11000 revolutions per second.

Rather than continuous beams, the protons will be bunched together,

at discrete intervals never shorter than 25 nanoseconds (ns) apart.

into 2808 bunches, so that interactions between the two beams will take place

The proton bunches are accumulated, accelerated (over a period of 20 minutes) to their peak 7-TeV energy, and finally circulated for 10 to 24 hours

while collisions occur at the four intersection points.

CERN Accelerators

(not to scale)

ALICE

LHC: Large Hadroe Collider

SFS: Super Proton Synchrotroe

AD: Antiproton Deceleraor

ISOLDE: Isotope Separator Online DEvice
PSB: Protos Syachrotron Booster

PS: Proton Synchrotron

LINAC: LiNear ACcelerator

LEIR: Low Encrgy lon Ring

CNGS: Cern Neutrinos to Gran Sasso
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Start the protons out here

IHC7TeVpp
28 %Y/ ofd

%f 0o
SPS 450 GeV
\

0.87c by here

0.3c by here

Wk LEY, PS Drwwon, CEBN, 520 98
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Some 1232 dipole magnets keep the beams on their circular path, while an additional

392 quadrupole magnets are used to keep the beams focused, in order to maximize

the chances of interaction between the particles in the four intersection points,

where the two beams will cross.

In total, over 1600 superconducting magnets are installed, with most weighing over

27 tonnes.

Approximately 96 tonnes of liguid helium is needed to keep the magnets at their

operating temperature of 1.9 K (i 271.25 ° C), making the LHC the largest cryogenic

facility in the world at liquid helium temperature .
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http://en.wikipedia.org/wiki/Operating_temperature
http://en.wikipedia.org/wiki/Cryogenics

LHC schedule after Chamonix 2010 (  up- to- date parameters )

2013 6 65 1 l.lela 720 1.4e33 11 7 8
2014 7 7 1 l.1ell 1404 3.0e33 2.3 16 24

2015 4 7 1 11 e10 2808 6e33 4.6 18 43
2016 7 7 0.55 11 el10 2808 1e34 7.4 52 96

Cumlative Integrated
Luminosity [fb!]
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Fundamental interactions

t he Standard Model

Weak
(Electro

°°"'§" Graviton : Photon Gluon
Y
(not yet observed)
: Quarks and
Acts on All Charged Leptons PRUArS

e W W and Gluons

How we see

different-
sized

objects:

atom

nucleus

microscope
acceleratmr
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Before LHC

-> e+e- collider(2000)
E__=90-209 GeV e
Lumi=900 pb-1/exp.(phys)&
ALEPH,DELPHI
L3,0PAL

SLC: polarized ete
at Z peak
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LEP

FERMILAE

-> pp collider: CDF, DC

Runl E_=1.8TeV
130 pb-1l/exp.(phys.)

Run Il E__=1.96 TeV

1fbl delivered
2009 -> 4-8 fb'l

i e*p colllder
E_ =320 GeV
Hl. ZEUS

HERA | 120 pb-1/expt(phys.)

HERA Il 2007 ->700 pb-1(delivered,e*,+P,)
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Before LHC
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Before LHC

The Standard Model of

Elementary Particles
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Before LHC

Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model is a quantum theory that summarizes our current knowiedge of the physics of fundamental particles and fundamental interactions (interactions are manifested by forces and by decay rates of unstable particles)

matter constituents
spin = 1/2, 3/2, 5/2, ...

/ Quarks spin =1/2
Approx.
Flavor Mass
GeV/c?

FERMION

Leptons spin =1/2

Electric
charge

Mass Electric
Flavor
GeVi/c? charge

lohiest | (0-0.13)x10-9
0.000511
Bt (0.009-0.13)x10-2|
LY muen 0.106
jheavs | (0,04-0.14)10-0
Tiw 1777

*See the neutnno paragraph be
Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the quantum
unit of angular momentum where h = hi2x = 6.58x10%° GeV s =1.05x10 * J s

Electric charges are given in units of the proton’s charge. In Si units the elecinc charge of the proton
i5 1.60x10 ' coulombs.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one
electron in cross a potential differen of one volt. Masses are given in GeV/c”
(remember E = mc?)

the proton is 0.9

Neutrinos

Neutrinos are produced in the sun, supernovae, reaclors, aco

collisions, and many other processes. Any produced neutrino

described as one of three neutrino flavor states Ve, ¥y, or ¥y, labelled by the
type of charged lepton associated with its production. Each s a defined Property
quantum mixture of the three definite mass neutrinos ¥, ¥y, and V4 for

which currently allowed mass ranges are shown in the table. Furth Acts on
exploration of the properties of neutrinos may yield powerful clues to puzzles
about matter and antimatter and the evolution of stars and galaxy structures.

Matter and Antimatter

For every particle type there is a corresponding antiparticie type, denoted by
r the partic ymbal (unless + or — charge is shown). Particle and

antiparticle have identical mass and spin but opposite charges. Som Strength at

electrically neutral bosons (e.g., Z%, ¥, and Ne= ¢ but not K? = d5) are thew

yo aotic
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Particles experiencing

Particles mediating:

Structure within
the Atom

Quark

Size < 107%m

Nucleus % Electron
ize = 10-14 Size < 107'°m
R

\ Neutron

: and
d. " Proton
Size « 10°"5m

e

~— Atom
Size = 107m
If the proton and neutrons in this picture were
10 cm across, then the quarks and electrons

would be less than 0.1 mm in size and the
entire atom would be about 10 km across.

Properties of the Interactions

trengths of the interactions (forces) are shown relative to the strength of the electromagnetic force for two u Quarks separated by the specified distances

Weak Electromagnetic
Interaction Interaction
(Electroweak) —
Electric Charge

Electrically Charged

Mass - Energy Flavor
All Quarks, Leptons
Graviton -
(not yet obsorved) | wt w- 2° Y
10-41 0.8 1
10-41 10-4

force carriers

BOSONS spin =0, 1, 2,

Unified Electroweak spin = 1 Strong (color) spin
Mass Electric Nefe Mass Electric

Name
GeV/c? | charge GeVic? | charge

Color Charge

Only quarks and gluons carry "strong charge®
(also ¢ “color charge”) and can have s
interactions. Each quark carries three types of
color charge. These charges have nothing to do
with the colors of visible light. Just

charged particles interact by g

in strong interactions, color-charged particies
interact by exchanging gluons.

Quarks Confined in Mesons and Baryons

Quarks and gluons cannot be isolated — they are confined in color-neutral particles called
hadrons. This confinement (binding) results from multiple exchanges of gluons among the
color-charged constituents. As color-charged particles (quarks and gluons) move apart, the
energy in the color-force field betwe 5. This energy eventually is converted into
additional quark-antiquark pairs. The qua nd antiquarks then combine into hadrons; these
are the particles seen 10 emerge.

Two types of hadrons been observed in nature mesons qd and baryons gqq. Among the
many types of baryons observed are the proton (uud), antiproton (30d), neutron (udd), lambda A
(uds), and omega £} (sss). Quark charges add in such a way as to
make the proton hav arge 1 and the neutron charge 0. Among
the many types of mesons are the pion x* (ud), kaon K~ (s

B8Y (db), and n¢ (cE). Their charges are +1, -1, 0, 0 respe

Visit the award-winning web feature The Particle Adve,

ParticleAdventure.org

Color Cha

Qdarks, Giions U.S. National Science Foundation

Gluons Lawrence Berkeley National Laboratory

ary s Ed

60 CPEPweb.org
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Before LHC

Unsolved Mysteries

Driven by new puzzles in our understanding of the physical world, particle physicists are following paths to new wonders and
startling discoveries. Experiments may even find extra dimensions of space, mini-black holes, and/or evidence of string theory.

Universe Accelerating?

The expansion of the universe appears to be
accelerating. Is this due to Einstein's Cosmo-
logical Constant? If not, will experiments
reveal a new force of nature or even extra
(hidden) dimensions of space?

Stephen H’awking
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Why No Antimatter?

ng

Matter and antimatter were created in the Big
Bang. Why do we now see only matter except
for the tiny amounts of antimatter that we make
in the lab and observe in cosmic rays?

Dark Matter?

Invisible forms of matter make up much of the
mass observed in galaxies and clusters of
galaxies. Does this dark matter consist of new
types of particles that interact very weakly
with ordinary matter?

3 lssing_Hfﬁgq; 3 o
patticle
e

1
Prof. Higgs ... notthe HiM -

Origin of Mass?

In the Standard Model, for fundamental particles
to have masses, there must exist a particle
called the Higgs boson. Will it be discovered
soon? |s supersymmetry theory correct in
predicting more than one type of Higgs?

\\;




Before LHC

ADD Model:

0 A @ consequence, gravity lives in more than four dimensions at macroscopic distances 0 leading to potentially measurable
deviations from Ne wt oinvérse square law at sub- mm distances. The LHC and NLC are now even more interesting machines.
In addition to their traditional role of probing the electroweak scale, they are quantum-gravity machines, which can also look into
extra dimensions of space via exotic phenomena such as apparent violations of energy, sharp high-pT cutoffs and the
disappearance and reappearance of particles from extra dimensions.6hep-ph/ 9803315 v1

—
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