LHC at CERN laboratory

CERN: the world’s largest particle physics laboratory

* international organisation created in 1953/1954, initial membership: 12 countries
» Poland is a member starting from year 1991

» About 10 000 active physicists, computing scientists, engineers

situated between
Jura mountains and Geneva
(France/Swiss)

http://public.web.cern.ch
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The full LHC accelerator complex

CERN Accelerators

(not to scale)

LHC: Large Hadron Collider

5F5: Super Froton Synchromon

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster

PS: Proton Svnchroiron

LINAC: LiNear ACcelerator

LEIR: Low Encrgy lon Ring

CNGS: Cem Neatrinos to Gran Sasso
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> 50 years of CERN history still alive
and operational




Collisions at LHC

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

Beam energy 7 TeV (7x10"2 eV)
Luminosity 10** cm? s

Bunch Crossing rate 40 MHz
Proton Collisions =~ 107 - 10°Hz
Parton

(quark, gluon)

Selection of 1 in

Particle o ;
4 . 10,000,000,000,000
jet 3
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c=30cm/ns: in 25ns, s=7.5m

Muon Detectors Electromagnetic Calorimeters
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Trigger
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With respect to offline analysis: | — =
Same hardware (Filter Subfarms) e erarh one
Same SOftware ::::: Into 4};::
But different situations Clear
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General purpose detectors

Tracking Electromagnetic Hadron MMuon
chamber calorimeter calorimeter charmber
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Particle identication

Muon
Spectrometer
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Solenoid magnet
Transition
Radiation

Tracking Tracker

Pixel/SCT

detecior
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The dashed tracks

are invisible to
the detector

http://atlas.ch
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ATLAS Detector

Inner detector (2 T)

In| <2.5

Si Pixel et SCT, TRT

tracks, vertex

o/p; ~ 0.05% p, (GeV) & 1%
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Cross-sections at LHC
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A lot more “uninteresting” than

Oiot

“interesting” processes at design S0 R
Ill)Jminosity (L = 10%*cm™s :ju'r“ /
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> Any event: 10%sec “’élﬂ“ o
» W boson: 150/sec U“'Z o (£ w20
»  Top quark: 8/sec ::1 : y
»  Higgs (125GeV): 0.2/sec ok oo G;—I‘j)
Interesting events gets selected: o g

| trigger (decision!) '“’j /
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II.  physics analysis (selection)
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Electron channel W and Z events

| €MS Experiment at LHC, CERN
Run 133874, Event 21466935
Lurmi section: 301

Sat Apr24 2010, 05:19:271 CEST

Electron p+=35.6 GeV/c
ME; = 36.9 GeV
Mr=71.1GeV/c?

/ - ee

- CMS Experiment at LHC, CERN
< !l Run 133877, Event 28405693
_~“ 1 Lumi section: 387
" Sat Apr 242010, 14:00.54 CEST

Hertrons pp=34.0,31.9GaV/c
Inv. mass =0912GaV/c2
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Detecting W and Z

- 1t
4 Signature: pair of charged leptons
with opposite sign charge

Leptons are high p_and isolated

//,j?/ Z—uru

4 Peakin I*l'invariant mass

W |=v*

2 Signature: single charged lepton and
missing transverse energy (MET)

Leptons are high p. and isolated

Wi—ety

MET from neutrino
d p,v is inferred

2 Peak in transverse invariant mass
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ATLAS DQTQCTOP THe ATLAS DETECTOR 1S

REALLY BI1G!

- @ Length : ~ 46 m
—ln‘tangl @ Radius: ~ 12 m
@ Weight : ~ 7000 tons
@ ~ 10°% electronic
channels
C @ 3000 km of cables
(Jura)
(Geneva) P

Transverse momentum

(in the plane perpendicular to the beam) Rapidity: ~ 77=-log (tg 5

pT=psin(—) 0=90° — =0
0=100 — n=24
0=170° —- n=-24
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Some kinematic distributions

Rapidity (y) and Pseudo-rapidity (q)JI Particle
| 4
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An and p; are invariant under longitudinal boosts ||
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Some kinematic definitions

|Transverse Energy/ Momen‘l'uml p.=FEtanhy
[E2=p2+ p}+m? = pl4m’ =B p]] = HacOny
 Invariant Mass |

My, =(p! + P2 )Py, + Pyy)
:m12+m22+2(ElE2_p1.p2) ‘P
my ,my—0 »2E Eq, (coshAn—cosAg)

|Par'1'onic Momentum Fractions I

Parton CM (energy)’ — s = x,x,s
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Energy and momentum resolution

Calorimetry:
Tracking
O _2ab0. 5(p)
E J_ E —p=ap®b

t P

a the stochastic term accounts for Poisson-like fluctuations "‘E
naturally small for homogeneous calorimeters S—
takes into account sampling fluctuations for sampling calorimeters ..I'_I_J__
b the noise term (hits at low energy) o
mainly the energy equivalent of the electronics noise O (E ) " a
at LHC in particular: includes fluctuation from non primary interaction -
(pile-up ncF:ise) e E A/ E
¢ the constant term (hits at high energy) >
Essentially detector non homogeneities like intrinsic geometry, ‘ Calorimet ry
calibration but also energy leakage E ( p) (G EV)

Prof. dr hab. Elzbieta Richter-Was



