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= Cosmic DNA

The matter particles

Q - neutrino @ electon
@ L - neutrino @ muon
Q T - neutrino Q tau

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.
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The new "Periodic Table”
of fundamental elements

Mass (gige-electron-voits)

A crowning achievement
of 20" Century Science

Electron

MASSLESS
BOSONS

Muon- )

neutring Tau-
Electron. J neuULNnNO
nevtring

' Gluen
2

) Photon

1 Missing piece: Higgs

Measurement Fit

meas o, moas
“ ~0"o -

| 4 3

« 000066 021585
0.0030 01722
D006 0.1037

= 00035 0.074

1714 = 2.1

Summer, 2006

Confirmed at sub 1% level




I ] 1
- W W* 2B, B - 16,6

g 0 - gmy Wa- VB - 0T Gy,
| D+ o - Nl |
+ ¥ - (yj'ﬁbj LOVjr + y}ﬁ'j c Virt Cﬂﬂjg&te) —

f_'; . [ - -
N~

= 24952 10.0023 GeV

“ 1| r »
»a J ~ CERN-PH-EP/2005-041
\ C 2 1o SLAC-R-774 ,
hep-ex/0509008 [

7 September 2005

My = 80.390 £ 0.016 GeV

My < 145 GeV

CDF arXiv:1203.0275v1 [hep-eX]
March 2012

"..':-;.'

. -

.
.

»



Evolution of the Universe
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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?

Newton:
Weight proportional to Mass

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)




Higgs Boson @y

All particles generated at the Big Bang without mass.
Interacting with the Higgs field, particles acquire mass.
Greater the interaction, the greater the mass.

Higgs field fills the whole universe.

British physicist Peter Higgs proposed (1964) the so-called Higgs Boson
particle associated with eponymous mechanism & field.

Interaction with
the Higgs field

Friction with
viscous liquid







Supersymmetry: A New Symmetry in Nature

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

3 isolated leptons
+ 2 b-jets
+ 4 jets
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Where does the Matter come from?

Dirac predicted the existence of antimatter:
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



ALICE and Quark-Gluon Plasma

Pb Pb collisions may liberate quarks
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EXTRA-DIMENSION

A

Graviton

Strength of Forces

Signatures

Eg monojet events
monophoton events
Z’ like resonances

e A L SO | KK excitations
I | he gravity force becomes strong!
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To answer these questions:

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




CERN Accelerator Complex

LHC

2007 (27 km)

Nq‘r}r.h Area

East Area

PS

Leir
y4 2005 (78 m)
L/ antip )N conversion
LHC Large Hadron Collider € Super Proton chrotron PS  Proton Synchrotron

ator CNGS Cern Neutrinos to Gran Sasso
LEIR Low Energylon Ring LINAC LINear ACcelerator




Ci 'ﬁg;turnmgpomt in-




)
LHC Main Bending Cryodipole

Heat Exchanger Pipe

Beam Pipe

Superconducting Coils

g Helium-II Vessel nominal field

// Superconducting Bus-Bar

Iron Yoke

Spool Piece
Bus Bars

12 kA
nominal field

Non-Magnetic Collars

' Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

Thermal Shield

€ The
xiliar; 1 S'm IOI‘lg

Bus Bar Tube

Protection Instrumentation L H c c ry0d i po I e

Diode Feed Throughs




The LHC Arcs



Trillionsof protons will race aroundthe 27km ring in
opposite directions over 11,000 times a second,
travellingat 99.999999991 per cent the speed of light.



The emptiest space in the solar

To accelerate protons to almost the speed of light requires a
vacuum as empty as interplanetary space. There is 10 times
more atmosphere on the moon than there will be in the LHC.



One of the coldest places in the
universe...

With an operatingtemperature of about-271 degrees
Celsius, just 1.9 degrees above absolute zero,
the LHC is colder than outer space.



When two beams of protons collide, they will generate
temperatures 1000 million times hotter than the
heart of the sun, but in a minuscule space.



The Large Hadron Collider
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The ATLAS Experiment &

Yy | Detector characteristics
. Width: 44m

/% | Diameter: 22m
Weight: 7000t
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Cross sections at the LHC @

rate ev/year
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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)




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

P,H) =27 GeV n(u)= 07
p,(1*) =45 GeV n(u*) = 2.2

M =87 GeV
MM

@ Z>uu candidate
in 7 TeV collisions



The Story so far — and to come
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4 July 2012
“CERN experiments observe particle consistent with long-sought Higgs boson”

CMS Experiment at the LHC, CERN
W8 Data recorded 2012-May-13 20:08:14.621490 GMT
] Run/Event: 194108 / 564224000 '

fs =7 TeV (2011), [Ldt=4.8b"
fs =8 TeV (2012), [Ldt=591b"

07/11 EPS Prel. .
— Observed
---- Expected
12/11 CERN Prel.

Spring 2012 PRD
Observed
Expected

PLB 07/12
—— Observed 5
Expected

110 115 120 125 130 135 140 145 150
m,, [GeV]

ATLAS
%EXPERIMENT
http://atlas.ch
Run: 203602
Event: 82614360
Date: 2012-05-18

Time: 20:28:11 CEST
CMS

5 GeV

L Heyy
L Vs=7TeV,L=511"' .

1500, 's=8TeV, L=531"
i

1000}

d Events / 1

S+B Fit
--- Bkg Fit Component

500 | —e— Data

[=to

: B 20
110 120 130 -

]
1=
By
)
=
o
-+
2
N
w

o




NN MY OF S

It s very. nice to be right sometimes ..
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CMS Combined Results

CMS Preliminary

Signal strength with full statistics
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An impressive history...

= Avery wide range of measurements have shown that
SM predictions for known physics have been ~spot on.

= Atribute to a large amount of work done by our theory
colleagues along with the results from the other collider
experiments at LEP, Tevatron, HERA, b-factories etc.

= And the Higgs cross section WG and all those theorists
WhO prepared the way for today'

Electroweak Theory

the Eh,hlh Nabel Symposium, —\Imcum stoand Wi

lert, I'\ Brout, Phys. Rev. Lett. 13 (1964) 321, doi:101103f

Electroweak Symmet
Breaking

W, (1966) 1156, doi:10.1 1
[9] TW.B. Kibble, Phys. Rev. 155 (1967) 1554. doi:10.110
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The Highlight of a Remarkable Year 2012 &)

Volume 712, Issue 3, 6 June 2012 ISSN 0370-2693 In praise of charter schools
The Britain's banking scandal spreads
ECO nomist Volkswagen overtakes the rest
A power struggle at the Vatican
LY TN 133 2042 fccosernt com When Lonesome George met Nora
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Looking for Dark Matter

Missing energy
taken away by dark matter particles



CMS

No Black Holes yet!

CMS 4-Jet Event @ 2.36 TeV

CMS Experiment at the LHC, CERN
Date Recorded: 2009-12-14 05:41 CET
Run/Event: 124120/16701049

Candidate Multijet Event at 2.36 TeV

sy




(] [ [ @& [

The LHC

Hard work and lots of outstanding results.
Integrated luminosity records from accelerator.
Great performance of the experiments.

Grid computing performing exceptionally.

So, what next?
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The International Linear Collider (?)

Damping Rings
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shield wall removed
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and
finally...
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