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Istory of the Universe

Fizyka ktéra bedziemy badac odpowiada
Warunkom ktére panowaty tutaj
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The study of elementary particles and fields
and their interactions
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A most basic question is why particles (and
matter) have masses (and so different masses)

The mass mystery could be solved with the ‘Higgs mechanism’
which predicts the existence of a new elementary particle, the
‘Higgs’ particle (theory 1964, P. Higgs, R. Brout and F. Englert)
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Quarks

Peter Higgs

The Higgs (H) particle has been
searched for since decades at
accelerators, but not yet found...

The LHC will have sufficient energy
to produce it for sure, if it exists

Francois
Englert




Supersymmetry (SUSY) Partlcles

&

- Supersynunetnc

Establishes a symmetry between fermions (matter)
and bosons (forces): _

- Each particle p with spin s has a SUSY partner p
with spin s -1/2

- Examples g (s=1/2) - g (s=0) squark

‘shadow" partlcl
g(s=1) -2 g(s=1/2) gluino
Our known world Maybe a new world? Motivation:
Standard-Teilchen SUSY-Teilchen
: - Unification

(fermions-bosons,
matter-forces)

- Solves some deep
problems of the
Standard Model
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The LHC machlne

The Large Hadron Collider

IS a 27 km long collider ring
housed in a tunnel about 100 m

underground near Geneva




The LHC machine is fully installed and
was ready to start operation with single
beams on 10" September 2008, but it is
now delayed for several months until next
spring after an incident that happened on
19th September




LHC Accelerator Challenge: Dipole Magnets

15-m long

" LHC cryodipole Magnetic Field for Dipoles
p (TeV) =0.3 B(T) R(km)

Coldest Ring in the Universe ? Forp=7TeVand R=4.3km
1.9 K (CMBR is about 2.7 K) > B=84T
LHC magnets are cooled with pressurized = Current 12 kA

superfluid helium
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Descent of the last dipole magnet, 26 April 2007
— |
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30’000 km underground transports at a speed of 2 km/h!
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Collisions at LHC

Proton-Proton 2835 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10" eV)
Luminosity 10*#*cm? s

In the experiments:
10° pp interactions per second
~ 1500 particles (p,n, nt) produced in the
detectors at each bunch-crossing

Proton

Parton
(quark, gluon)

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

Particle

10 10



Large Hadron Collider@CERN
PEE—— O B Physics, T
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| LHC:27kmlong ¥
100m underground

General Purpose,
pp, heavy ions

f=r W +TOTEM
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Detektory eksperymentow fizyki wysokich energii

« Detektory pozwalajg na obserwacje (rejestracje) serii oddziatywan,
podjecie decyzji czy oddziatywanie jest interesujgce, identyfikacje
produkowanych czgstek, pomiar ich energii i pedu.

« Detektory dla zderzen przy wysokich energiach muszg byc duze,
zbudowane z réznych poddetektorow (kazdy dedykowany do
rejestracji pewnego okreslonego typu sygnatu). Niektére
poddetektory umieszczone sg w polu magnetycznym (aby
umozliwi¢ pomiar pedu).

« Metody pomiarowe to pomiar absorpcji energii, rekonstrukcja toru
na podstawie ,Sladow” zostawionych w poszczegolnych warstwach
detektorow, itd. itd...



ATLAS Detector
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The ATLAS collaboration
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Collaboration

ATLAS in the world:
37 Countries
167 Institutions



zderzenie proton-proton
na LHC: 14 000 GeV ‘

Muon chambers

Hadronic calorimeter

zgstka SUSY:
“brakujgca”

energia!




ATLAS Status on 20 November 2009

After a vast multi-year programme of cosmic ray data taking and
system commissioning ...

ATLAS DETECTOR CONTROL

» Pixel - off (no stable beam)

» SCT - standby

» Standby V is 20 V = ~509%
hit efficiency (increases with
incidence angle)

» Barrel and endcap
increased to 50V for short
stable beam periods during

collisions
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1st Beam Splash
from Beam-2

Avalanche of scattered particles
from beam-on-collimator hits

Detectors fully lit, typically

2009-11-20, 23:32 CET
Run 140370, Event 2666
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X
Beam-splash events

300,000 SCT hits

350,000 TRT hits
(~all passing high-threshold)

3000 TeV calo energy sum
490,000 MDT hits

320,000 RPC hits

65,000 TGC hits

B EYPERIMENT

CERN — Nov 26, 2009 LAS — Beams and first collisior S




CATLAS
4 EXPERIMENT

2009-11-23, 14:22 CET
Run 14@541, Event 171897

Candidate
Collision Event




Jak w ciagu 1 sekundy wybraé 1 sposrod 107 ?

LHC (Large Hadron Collider) bedzie zderzat przeciwbiezne wigzki protonéw z
energig srodka masy 14 TeV. (Ta energia wystarczataby na produkcje 15 000
protonow!)

Wiazki protonow bedg oddziatywaty co 25 ns wewnatrz ogromnego detektora
wypetnionego milionami kanatow odczytu elektronicznego.

Kazde zderzenie wigzek to ~ 23 pp oddziatywan, kazde produkujgce
struge (~ 103) wychodzacych czastek.

Odstep pomiedzy kolejnymi zderzeniami wigzek to tylko 25ns

« 25ns to odlegtos¢ 8m dla czastek poruszajgcych sie z predkoscig
Swiatta (to jest mniej niz promien detektora)

 Naraz w detektorze ,fale czgstek” od 3 kolejnych zderzen

« Tylko niewielka czesc tych oddziatywan moze zostac zapisana ,na
tasmie” . System ktéry podejmuje decyzje nazywa sie TRIGGER.



eInteractions every 25 ns ..
«In 25 ns particles travel 7.5 m

_ lorimeters
Solenoid Forward Calorimeters
1 -2l End Cap Toroid
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o “™ eCable length ~ meters ...
oIn 25 ns signals travel D m

Shielding
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et CTHC DATA ™

Online computers filter out a few hundred

“‘good” events per sec. Each event is ~1 MB.
)

(#30 minimum bias avents)

All charged tracks with pt > 2 Bev /

Which are recorded on disk and magnetic tape
at 100-1,000 Megabytes/seC == ~15 Petabytes per year
for all four experiments
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event filter
| (selection &
~ reconstruction)

data

batch
physics
analysis

L event
S, |reprocessing

analysis objects
J (extracted by physics topic)

event
simulation

simulation N il

- j interactive -
— physics
- analysis

processed



Co to znaczy ..zaprogramowac” geometrie?

Jaka jest skala problemu?

. 25,5 millionow
oddzielnych
elementow

e 23000 réznych
obiektow
geometrycznych

e 4673 roznych typow
geometrycznych

. kontrolowanie
naktadajacych sie na
siebie przypadkow

e 1000 000 sygnatow
w detektorze na
przypadek




30Km

Computing ,

The LHC experiments will produce 10-15 PB
of data per year 1 PB=10°GB
This corresponds to ~ 20 million CD (a 20 km stack ...)

Data analysis requires computing powerfis g
equivalent to ~100 000 today’s ¥,
fastest PC processors.

The experiment international Collaborations
are spread all over the world — computing
resources must be distributed.

Cooperation of many computer centres — GI’I d
all over the world is needed

24 24



The Grid provides seamless access to computing power and data
storage capacity distributed over the globe

The LHC Computing Grid (LCG)
-relies on grid infrastructure

== provided by -
EGEE= Enabling Grids Tor E-sciencE-

.'/r’

Statistics:

Submitted:

Waiting:

Ready: .

Scheduled ~120 computing centers
Running: ] _ .

Done: 40 countries
Abonted.

Cancelled: 1 - - = -
Actlive Sites:




Possible discovery channel: H->ZZ*->4|

> HIGZ_01 @ kxplus038
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Collecting few numbers .....

Number of turns of the LHC ring made by protons in one second: ~ 11000
Number of proton-proton interactions per second : 1 billion
Number of particles produced per collision : more than 1000
Machine temperature : 1.9 K (the largest cryogenic system in the world)
Weight of CMS experiment: ~ 13000 tons (30% more than the Tour Eiffel)
Amount of cables used to transfer the detector signals in ATLAS : ~ 3000 km
Data recorded by experiments in 1 year: 20 km of CD

Number of involved physicists : > 4000 (from the 5 continents !)




