Discovery Science with
“the Large Hadron Collider
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_CosmicDNA

The matter particles

@ € - neutrino @ electon
@ L - neutrino @ muon
@ T - neutrino @ tau
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Gravitation electromagnetism  weak nuclear force strong nuclear force




The Standard Model
of Particle Physics

These are all we normally "see” but
the others are crucial to defining

what we are.
| First 0 Third “—_
10 Generation Generation
Top{ann

Bottom quark

Charm quark .

The new “Periodic Table”
of fundamental elements

A crowning achievement "

neutrine

The Standard Model

Measurement

91.1875 00021 91.1874
24952 00023 24957
41,540 =0.037 41477
20,767 = 0025 20.744
001714 = 000095 0.01640
01465 200032 0.1479
021629 = 000066 021585
01721 200030 0722
0.0992 =00016 01037
0.0707 =0.0035 0.0741
0923 = 0020 0935
0670 =0.027
03513 =000
sin®8(Q,) 02324 =0.0012
m,, [GeV ] 80.392 +0.029
r, [GeV 2.347 +0.060

m, [GeV ] 1714 =21
Summer, 2006

Confirmed at sub 1% level




Evolution of the Universe
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13.7 Billion Years

1028 cm
NASA WMAP
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radiation
particles

heavy particles

carrying

the weak force
quark

anti-quark

electron
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Super-Microscope \
Maner%
Study physics laws of first moments after Big Bang.

Increasing Symbiosis between Particle Physics,

Astrophysics and Cosmology.
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Why do Things Weigh?

Weight proportional to Mass & 4

Einstein:
Energy related to Mass

Neither explained origin of Mass

Where do the masses
come from?

Are masses due to Higgs boson?
(the physicists’ Holy Grail)
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Supersymmetry: A New Symmetry in Nature

Standard particles SUSY particles
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B Candidate Particles for Dark Matter
— Produce Dark Matter in the lab

3 isolated leptons
+ 2 b-jets
+ 4 jets

+ E?'IISS




Where does the Matter come from?

Dirac predicted the existence of antimatter: S
same mass
opposite internal properties:

electric charge, ...

Discovered In cosmic rays

Studied using accelerators

Matter and antimatter not quite equal and opposite: WHY?
2008 Nobel Physics Prize: Kobayashi & Maskawa

Is this why the Universe contains mainly matter, not antimatter?

LHC experiments will look for answer
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EXTRA-DIMENSION

Graviton

Signatures

Eg monojet events
monophoton events
Z’ like resonances
KK excitations




To answer these questions:

Primary targets:
*Origin of mass
*Nature of Dark Matter
*Primordial Plasma
*Matter vs Antimatter




ERN Accelerator Complex

LHC

2007 (27 km)

Nojfth Area
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ion » neutrons  » p(antiproton) ——3— proton/antiproton conversion

LHC Large Hadron Collider SPS Super Proton Synchrotron PS Proton Synchrotron

AD Antiproton Decelerator CTF3 Clic Test Facility CNGS Cern Neutrinos to Gran Sasso
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Isotope Separator OnLine DEvice
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Heat Exchanger Pipe
Beam Pipe
Superconducting Coils \

Helium-II Vessel

pool Piece , — ™
Bus Bars ./ i T _ ~ Superconducting Bus-Bar

Iron Yoke
Non-Magnetic Collars

) Vacuum Vessel
Quadrupole

Bus Bars - Radiation Screen

- Thermal Shield

The
Auxiliry | 15-m Iong
" LHC cryodipole

£ Instrumentation
Pfotf)cigg: Feed Throughs
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Trillions of protons will race around the 27km ring in
opposite directions over 11,000 times a second,
travelling at 99.999999991 per cent the speed of light.






One of the ~  places in the
universe...
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With an operating temperature of about -271 degrees
Celsius, just 1.9 degrees above absolute zero,
the LHC is colder than outer space.
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The Large Hadron Collider

Require Accelerator with

 |argest possible primary energy (limited by size of LEF
tunnel and highest magneatic field practicable

« largest possible luminosity (quarks carrying a large
fraction of primary proton energy are rare)

High repetition rate

40 MHz or
25 ns bunch spacing

Compact Muon Solencid

- Beams Energy GeV Luminosity

g+ 8- 200 1082 cmr2s-
P P 14000 10%
Pb Pb 1,312,000 10

23



The ATLAS Experiment @

Detector characteristics
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> bBrilliant performances of LHE, experiments and GRIID computing
during 2010'and 2011 data taking periods

LHC 2012 RUN (4 TeV/beam)
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pHO “e—  ATLAS 4.445 fb™!
—— CMS 4,572 fb™!
—o— LHCb 0.444 fb~!
—o— ALICE 0.393 pb™*
PRELIMINARY

Delivered integrated luminosity (fb~")

Month in 2012

(generated 2012-06-07 01:10 including fill 2710}

2012 run;

- % q €MS Experiment at the LHC, CERN !

2010-3ul-08,02:25!58 &30

energy. increase (7. TeV.> 8 TeV), factor 3

more data expected from LHC



http://aliceinfo.cern.ch/static/Pictures/pictures_High_Resolution/wwwFirstPbPb/ev4796_RPhi.png

Cross sections at the LHC
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LHC <s=14TeV L=10*"cm™2s™
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14 “Well known”

- processes. Don’t
need to keep all of
them ...
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New Physics!!
We want to keep!!

1000 2000 5000
particle mass (GeV)




The Story so Far ...

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

p,() =27 GeV n(u)= o.7\
p,(1*) =45 GeV n(u*) = 2.2

M =87 GeV
MM

@ Z>pu candidate
in 7 TeV collisions
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Expected numbers of events for 100 pb™!
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A Simulated Higgs




CMS preliminary 2009, 900 GeV data
o 700f
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Nsig = 3966 = 94
mean = 0.13646 + 0.00037
sigma = 0.01550 = 0.00037
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ATLAS HIGGS SEARCH
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CMS Higgs Search

Published New ;thmﬁmn
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It took ~30 years to experimentally restrict the
SM Higgs mass to be above 114 GeV Expected exclusion 114.5 - 543 GeV

another ~475 GeV of the range in 2022 3
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Missing energy
taken away by dark matter particles



No Black Holes yet!
CMS 4-Jet Event @ 2.36 TeV

C CMS Experiment at the LHC, CERN
MS Date Recorded: 2009-12-14 05:41 CET
Run/Event: 124120/16701049
Candidate Multijet Event at 2.36 TeV




and
finally...




