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Table 2.1: LHC beam parameters relevant for the peak luminosity

Injection | Collision
Beam Data
Proton energy [GeV] 450 7000 3500 GeV
Relativistic gamma 479.6 7461
Number of particles per bunch 1.15 x 10*!
Number of bunches 2808 1092 bunches
Longitudinal emittance (40) [eVs] 1.0 2.5
Transverse normalized emittance [pm rad] 3.5° 3.75
Circulating beam current [A] 0.582
Stored energy per beam [M1I] 233 362
Peak Luminosity Related Data
RMS bunch length® cm 11.24 7.55
RMS beam size at the IP1 and IP5¢ pm 3752 16.7
RMS beam size at the IP2 and IP8° pm 279.6 709
Geometric luminosity reduction factor F/ - 0.836
Peak luminosity in IP1 and IP5 [cm“sec '] - 1.0 x 10** 1034
Peak luminosity per bunch crossing in IP1 and IP5 | [em—2sec!] - 3.56 x 103V
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The ATLAS Detector
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Five Heavy Objects

Top quark

W -boson

Z-boson

Bottom quark

T lepton

All decay and we
know the masses



Some of the

decay modes...

Top quark >
W -boson >
Z-boson >
b-quark
T >

W + b-quark

muon + nheutrino

electron + neutrino

electron + positron

H+ + M-

¢ + electron + neutrino

3 charged tracks (jet-like)



(1)

(2)

(3)

(4)
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6 Jet Eventin 7 TeV Collisions




2010 ATLAS Inclusive Jet Cross Section
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) . 15 E. (GeV)
Run Number: 154817, Event Number: 968871 T E, (€)= 45GeV E, (¢*) = 40 GeV

,AT I-AS Date: 2010-05-09 09:41:40 CEST (@)= 021 1 (e =-0.38
S M, =89 GeV

EXPERIMENT />ee candidate in 7 TeV collisions




&1600
1400
(p)]
()]
'S1200
(-
LL]

1000
800
600
400
200

—e— Data 2010 (\'s =

Z — ee

QCD

7 TeV) f L dt=36pb"

ATLAS Preliminary

70 75 80 85

90 95 100105110115
m,, [GeV]



p,(u+) =29 GeV

/_A_ \\\\ ETmiss =24 GeV
VA S J MT = 53 GeV

A EXPERIMENT

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

W-uv candidate in
7 TeV collisions
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1A EXPERIMENT

Run Number: 160958, Event Number: 9038972
Date: 2010-08-08 11:01:12 BST




CMS Top quark results (dilepton)
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CMS top mass
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Top Mass is 175.5 + 4.6 (stat) + 4.6 (syst) GeV/c?

Tevatron combined: 173.3 + 1.1 GeV/c?
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News |
Beautiful theory collides with
smashing particle data

Latest results from the LHC are casting doubt on the
theory of supersymmetry.

Geoff Brumfiel

"Wonderful, beautiful
and unique" is how
Gordon Kane
describes
supersymmetry
theory. Kane, a
theoretical physicist
at the University of
Michigan in Ann
Arbor, has spent
about 30 years
working on
supersymmetry, a
theory that he and
many others believe
solves a host of

"Any squarks in here?” The ATLAS
detector (above) at the Large Hadron
Collider has failed to find predicted
‘super partners’ of fundamental

particles.
C. MARCELLONI/CERN



Supersymmetry

spray of high energy jets

E=mc? Y SUSY particle

or Dark Matter?



CMS SUSY Search

. gravitino

Final State: photon + lepton + jets + missing energy
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Entries / 100 GeV

ATLAS Single lepton SUSY search
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m, , [GeV]

MSUGRA/CMSSM: tanf = 3, A0= 0, u>0
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ATLAS Leptoquark Search
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Events / 100 GeV
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Rep. Prog. Phys. 74 (2011) 026201
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Higgs Branching Ratio

LEP Limit
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Higgs Branching Ratio

most sensitive for “high” mass

LEP Limit
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2010 CMS Higgs -> W* W-
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Higgs Branching Ratio

LEP Limit
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Higgs decay to two photons

§§§§ photon

> <—

5

photon

proton
proton



Higgs decay to two photons

60 GeV energy

§§§§ photon

> <—

>

photon

proton
proton

60 GeV energy



2011 expected data set (2x's of what we have today!)
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2011 expected data set (20x's of what we have today)

Blown up by
a factor of 10
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Higgs 50 discovery over full
mass range

~10 fb-! with 8 TeV center-of-mass collisions

2012 ?



CMS Simulation (300 GeV Higgs > eepp)
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LHC Schedule (guess?)

2011 7 TeV for few fb-!

2012 8 TeV with ~similar luminosity

2013 Energy upgrade -> downtime

~2014 ~14 TeV operation



SUMMARY

LHC program has really started

Very exciting and challenging

Certainly hope we find something
Beyond the Standard Model
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squark / gluino mass (GeV)
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Ratio w.r.t. NLO pQCD
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