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1973: The discovery of neutral currents in the Gargamelle bubble chamber.

1983: The discovery of W and Z bosons in the UA1 and UA2 experiments.

1989: The determination of the number of neutrino families at the
Large Electron Positron Collider (LEP) operating on the Z boson peak.

1995: The first creation of antihydrogen atoms in the PS210 experiment.

2001: The discovery of direct CP-violation in the NA48 experiments.

+ |ISOLDE
+ CNGS

+ R&D
+ ...
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High energy physics today

EXTRA-DIMENSION

Large Hadron Collider % J )
* Length of 27 km. g é’% :
* Has 4 large detectors. < g

X\
» Unprecedented energy scales. "%\ TS e N
* |t is most complex human-built machine.

Fundamental questions: >'4<<
What is the origin of N

mass”?

3 isolated leptons

Why there was less antimatter than matter?
What is dark matter and dark energy?

Are there extra
dimensions?

Also, new technologies emerge:
 The WWW

* The GRID

» Medical applications

 Storage challenge

» Data processing

» Superconductors, electronics, etc.
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1
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LHC

Obvod: 26658,883 m

Celkovy pocet magnetti: 9 593 (z toho 1232 hlavnich dipoli)
Rychlost ¢astic: 99,9999991 %c (odpovida energii protonu 7 TeV)
Luminozita : 10** cm?s™

Pocet kolizi za vtefinu: ~ 600 milionu
Pocet interakénich bodu: 4

Castice: protony nebo ionty Pb82+
Cena: 4,98 miliardy CHF

LHC has a total stored beam energy:
10" protons of 14 - 10 eV ~ 10° J
...or, if you like one 100 T truck

at 100 km/h
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Worldwide colliders
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v Tandern Particles Pbar-p Pbar-p p-p
£ 100MeVl /
= ' cm energy (TeV) 0.62 1.96 14
« Lyclgtron !Ic! - Lumi (10®° cm?s™) 6 50-100 0.1-1.0x10"
ol rag
i 10MeVi {Electrostatic Generator) Lumi (b year™ 0.05 0.5 100
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1MeVi- Reclifier Generator Particles per bunch (10'% P: 15, Pbar: 8 P: 24, Pbar: 3 P-115
(Cockroft Waltan)
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100keV, 1 L 1 | 1 1 Bunches 6+6 36+ 36 2835 + 2835
1930 1940 1950 1960 1870 1980 1990 2000
Circumference (km) 6.9 6.28 26.7
YEAR
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— Superconducting SuperCollider

e 1

« 20 TeV / Beam
 87Km tunnel
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Towards LHC

CERN: 50 YEARS AND COUNTING ECEA CERN

T‘e I e of an experiment European Committee for Future Accelerators European Organization for Nuclear Research
Towards the LHC Experimental

1984 Workshop in Lausanne on installing a Large Hadron Collider
(LHC) in the LEP tunnel

1987 CERN'slong-range planning committee chaired by Carlo Programme
Rubbia recommends LHC as the right choice for lab's future 5-8 March 1992

1989 ECFA Study Week on instrumentation technology for a Evian-les-Bains, France
high-luminosity hadron collider; Barcelona; LEP collider
starts operation

1990 ECFA LHC workshop, Aachen

1992 General meeting on LHC physics and detectors,
Evian-les-Bains

1993 Letters of intent for LHC detectors submitted

1994 Technical proposals for ATLAS and CMS approved

1998 Construction begins

2000 CMS assembly begins above ground; LEP collider closes

2003 ATLAS underground cavern completed and assembly started

2004 CMS caverncompleted

2007 Experiments ready for beam

2007 First proton—proton collisions

2008 Firstresults

2010 Reachdesign luminosity

>2014 Upgrade LHC luminosity by factor of 10

CERN%0-10

EUROPEAN COMMITTEE FOR FUTURE ACCELERATORS

Large Hadron Collider
Workshop

PROCEEDINGS
VOL.1

Editors: G. Jarlskog
D. Rein

,? €19, \(L‘.‘ﬁ
-.’_q‘-‘_[l

Proceedings
of the General Meeting
on LHC Physics & Detectors Al 4 OGO LEE 100
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CERN Accelerators

(not to scale)

0.87c by here

LHC: Large Hadron Collider
S5PS: Super Proton Synchrotron
AD: Antiproton Decelerator
ISOLDE: Isotope Separator OnlLine DEvice
PSB: Proton Synchrotron Booster

PS5: Proton Synchrotron

LINAC: LiNear ACcelerator

LEIR: Low Energy lon Ring

CMNGS: Cern Neutrinos o Gran Sasso

0.3c by here

mdell LEY, FF Dveoe, CERN, O 08 56

Revised uoel adupied by Satnclla Dhel B, ETT 05,
i collatesson with I Desforges, 31 (v, asd

Ty, Munglomicl, PS D, CFRN, 23,0604

Start the protons out here
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%y | SUPERCONDUCTING COILS O
o L — W\, <175
‘ 1l S ) i S
" ills Sl
| NS NS

@)

Computed magnetic flux map at By=10 Tesla

1232 Dipole magnets

Length about 15 m

Magnetic Field 8.3 T

Two beam-tubes with an opening of 56 mm

Astro 2010
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quadrupole  dipole decapole quadrupole large sextupole gquadrupole
magnet magnets magnets magnet magnets magnet

. P e \

1]

|_|
UT L
small sextupole
corrector magnets

|4 L
LHC Cell - Length about 110 m (schematic layout)
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9 Oct 2008

On 19 September 2008, during powering tests of the main dipole circuit in sector 3-4
of the LHC, an electrical fault occurred resulting in mechanical damage and release
of helium from the magnet cold mass. Proper safety procedures were in force, safety
systems performed as expected, and no one was put at risk. An ad hoc task force
was set up on 22 September 2008 to investigate the incident, establish the
sequence

of events, analyse and explain their development in relation with design assumptions
and manufacturing and test data, and recommend preventive and corrective actions
for further powering of the machine. Today a number of findings have been
established, but inspections are not completed and investigations are continuing.
Consequently this is an interim summary report of this task force as of

15 October 2008.
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Beam dump

Point 6

PX64

Entrance ; = graphite TDE

wd oy 7 T durmp block

concrete
shielding

Ouvrages LHC

The nominal LHC beam contains an unprecedented stored
energy of 360 MJ, contained in 2808 bunches with a beam
sigma of the order of 0.3 mm.
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Luminozita, etc

Peak luminosity per IP [10 3em-251]
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Luminosity evolution of hadron colliders
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LHC

CMS

Ncﬁfth Area

ALICE b LHCb
_ _»p
SPS
T neutrinos
TT10
1 TTB0 Gran Sasso
|
AD
e BOOSTER
» . s T ISOLDE
Py C_ >/ East Area
<l N 195928 ]
[ 2001 |
LINAC 2 . ( PRalE
neutrons O e-
LINAC 3 ¥ Leir
6 y)

b p(proton] P ion  » neutrons P p(antiproton] —=——

proton/antiproton conversion  » neutrinos  » electron

LHC Large Hadron Collider SPS Super Proton Synchrotron  PS  Proton Synchrotron

AD Antiproton Decelerator CTF2 Clic Test Facility CNGS Cern Neutrinos to Gran Sasso  ISOLDE  Isotope Separator OnLine DEvice
LEIR Low Energylon Ring LINAC LINear ACcelerator n-ToF Neutrons Time Of Flight



High-Momentum

Particle Patticle
Tim ldentltl'icatlon Identification
Projection etector ~ Detector

Chamber

Absorber A Large Ion Collider Experiment
Dipole Magnet

#

L3
Magnet

Phase Diagram of QCD Matter

see: Alford, Rajagopal, Reddy, Wilczek
Phys. Rev. D64 (2001) 074017

quark-gluon plasma

T,~ 170 MeV

color
hadron gas superconductor

[
L
=]
=
©
I
[
o
E
Q
st

&,
Muon Chambers ﬁ r nucleon gas

Photon Ice ® nuclei
T %:E;Er Spectrometer :}’..

Po
baryon density

Two nuclei approach  Hard collisions  Produced Final state particles

each other, dominate first  particles freeze-out and
relativistically instants of reinteract at stream towards the
contracted to thin collision hard and soft detectors...
pancakes scales
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Compact Muon Spectrometer

CRYSTAL ECAL

PRESHOWER

RETURN YOKE

15 m

SUPERCONDUCTING
MAGNET

HCAL

MUON CHAMBERS

22 m
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Large Hadron Collider Beauty

Side View ECAL HIZAL M4 M3 “A severe case of symmetry breaking!”
SFLVPS 3 —
Magnet Tracker ERICH:2 M1 Mo o™

¥
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Meanwhile @ TeVatron
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A Toroidal LHC ApparatuS

Muon Detectors Electromagnetic Calorimeters A I LAS

Forward Calorimeters

Solenoid

End Cap Toroid

22 m

=

3
' Inner Detector ” -
Bdineilgla Hadronic Calorimeters SRl

44 m
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A Typical Detector

[ ] Inner detector (Tracker)

Measures charge and momentum of
charged particles in magnetic field

Electro-magnetic calorimeter

Measures energy of electrons,
positrons and photons

Hadronic calorimeter

Measures energy of hadrons
(particles containing quarks), such as
protons, neutrons, pions, etc.

Muon detector

Measures charge and momentum of
muons
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Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to

the detector
Electromagnetic
Calorimeter
Solenoid magnet HHH TR 1.
Transition - 3
Radiation G -ﬁ e
Tracking 4  Tracker "" £ ) ATI.AS
Pixel/SCT i :
! d_etectﬂ.r - # EIPERIMEHT

http://atlas.ch



Hadron vs lepton colliders

s

ol

¥ pﬂ'"
F7]
Besuere DON'T
- e B TOUCH IT!
LN
/ 1 B -

)

geek & pote

NOW THAT THE LARGE HADRON COLLIDER HAS
STARTED WE CAN WATCH THE FIRST BLACK HOLES
HANGING AROLIND IN THE WILD

N\

—
| —

0_|_|_|_|_|_|,||| 1 ||||||,|| Liul 1 | 1 |||||,||I 1 ||||,|,|‘ Laan M)
- 3 2 - 1, A 3 2 1 1
10 10 10 10 10 10 10 10
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Higgs

10
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e, =~
o(pp—H+X) [pbl
Vs =14 TeV
M, = 178 GeV
CTEQ6M

Tevatron Run 2 Preliminary, L=2.0-5.4 fb”
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150 160 170 180 190 200
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30 140

Ml I
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13.8 BILLION YEARS AGO, RINEREIF———lI B el
A FEW SECONDS BEFORE THE Al set,
CREATION OF OURUNIVERSE . |l Lets fire upthis |
; Lag Hadron Particle P
liderand see )
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Total Delivered 7 TeV Lumi [nb7|

All Del.

Stable Del.

ATLRdy Rec.

Run Number: 152221, Event Number: 383185
Date: 2010-04-01 00:31:22 CEST

Astro 2010

p,(u+) =29 GeV
nu+)= 066

E™*=24 GeV
M. =53 GeV

W-pv candidate in
7 TeV collisions



QATLAS

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

p,(1) =27 GeV n(u)=0.7 '
pT(w) =45 GeV n(u*) = 2.2

M =87 GeV
MM

@ Z>uu candidate
in 7 TeV collisions

| 1 ) ‘
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ATLAS Inner Detector

s o3 (5 T R ERRR RN AN ERRER

ID je umiestneny v solenoide s homogénnym polom 2T.
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- Pixel

ATLAS Pixel Detector
= 1744 modules

. 2.h L R RS R RS RE R LR RN RN RN RN LR

= ]
c W Services 3
‘@ OrRT E
] Esct A
= B Pixel ]
% ClBeam-pipa

=]

T

3 barrel layers: Shenirt
B-layer (22 staves) 3

7 S

length: 1.3m

/ - 3 ..'5
3 Disks, each with 8 @ 34.4 cm Layer 1 (38 staves) i
sectors and 48 modules weight: ~ 4.4 kg Layer 2 (52 staves)

* 3 hity pre |n|<2.5
e dasové rozliSenie < 25 ns
 ~80M kanalov

* 1.8 m? aktivna plocha

* IP rozlisenie 115 ymv Z, v R-¢ <15 ym
« Odparovacie C3F8 chladenie
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Detector View Computer Reconstruction

E'I E'I

Physicist Interpretation Quark View
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TTbar

Scetch of a proton—proten collision
at high energies

qqqqbb

eebbvv

L l P | ‘h 11 vV

‘46 }lbb vV

1qqbby tl(bbvv

eqqbbv

Lqqbby

W+

(o

Astro 2010

33




Collisions - ATLAS
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Balloon
o (30Km)
Tx10" eV Beam Energy | CD stack with
10* em= 5 Luminosity 1 year LHC data!
2835 Bunches/Beam (~ 20 Km)
10M FProtons/Bunch
" 5 R ITrr &
o — — —*«'

? TeV Proton Proton

colliding beams f .

Bunch Crossing 410" Hz

@ @ Concorde =

(15 Km) .
o Proton Collisions 10°Hz
.Jk
Parton Collisions p-
B = _ _
New Particle Production 10* Hz oot L pfgtb
(Higgs, SPSY, ... . ¥z

Selection of 1 event in 10,000,000,000,000

l L’“‘" |
Il
]l—nll—!d—lll!ll-—h—ni
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Trigger motivation

o —— _o%em?t  Fate
barn R =" bunch crossing rate: 40 MHz
total interaction rate:~ 1 GHz
gk——— o inelastic ‘ Qg .
total interaction rate event size: ~1.5MB
- affordable: ~ 300 MB/s
S - storage rate: ~ 200 Hz
— online rejection: 99.9995%
e.g.: Higgs » ZZ - 2e+2pu
kHz
storage rate
Hz

SUSY qq+qg+gg

tanp=2, p=mz=mz/2 ‘
tanp=2, pt-m~—m- I I
pb qq_)‘qusm I 1
7]
i HSM_)W h=s z .9 mHz
AF g T
w -
2 L]
fb , il .,
SM_)2Z _)4u 8 ‘ =T —IF = T |
.= NiHz 100 0o urulpos
. zsu_’37 scalar LQ « T N\ | === 1 |i
50 5000 —_— e
jet E.,. or partlcle mass (Ge\l) E
T 23 min. bias events:

powerful trigger needed ~ 1725 particles/BC
* Enormous rate reduction

« Retaining the rare events in the very tough LHC environment

« Sharing in between physics and technical triggers
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The ILC — International Linear Collider
Electron Bunch Compressor o _?_?_T_Tadius CRTML | -
5-15 GeV A3 16m S | -
(RTML) p

. N
‘e e collider ,' b
* Possibilityofee, ey or yy
« 500 to 1000 (upgrade) GeV
e Luminosity of 2 x10** cm®s™
 Polarized beams
. * Ability to scan in 200-500 GeV & 91 GeV

& o+ njector * Energy stability and precision of 0.1%

> IR (Detector)

Electron Main Linac
15-250 GeV

Positron Source (undulator) —————
located at 150 GeV point

11.3 Km + ~1.25 Km

Service Tunnel

Keep-alive or
Stand Alone
Beam Delivery e+ source
System (BDS, 4.45km) =

) e+ extraction
5 & e- injection

Damping Rings (5 GeV 6.7km)

e+e- rings in common tunnel

elevated ~10m above BDS plane i
Service Tunnel

11.3 Km
Positron Main Linac ——————————
15-250 GeV e+ Linac

Beamine
3 Not to Scale

~1.33 Km
Positron Bunch Compressor ——— The 1.3 GHz TESLA CaVity
5.15 GeV 30m radius,
(RTML) Schematic Layout

Plan View of the 500 GeV Machine
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BACKUP SLIDES
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RF System

* 400 MHz

* 16 super-conducting
cavities for 16
MV/beam

e 4 Modules

The superconducting accelerating cavity acts like the surf of the sea
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Supercyklus

Coupled cycles

EASTC SPFS MD

SFTPROD
5PF SPN

PSB

IS0 IS0 IS0 IS0 IS0 M I

Uncoupled cycles

Figure 1: A typical PS Complex supercyele

FT CNGS MD

.-'—""'-'-F'_FFF
uncoupled

Figure 2: A possible PS/SPS super-cycle for CNGS and FT operation
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ST

SPS Page 1

113 CERN SL ~1G 0g1nR ,
* Fixed target

» Fast/Slow extraction
e LHC

» Phone: 77500 or
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