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Replaced 14 quadrupoles and 29 dipoles,
34 mterconnections fully repaired
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Some sectors remain cold

Takes months to heat and recool and there is
not enough storage for the He
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The Plan: run at 7 TeV (3.5 on 3.5) until 1 inverse
* The D fb is accumulated (no later than Dec 2011), then ==
shut down and upgrade to the design of 14 TeV.

Some sectors remain cold

Takes months to heat and recool and there is
not enough storage for the He
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e Outlook Our presently successiul understanding of elementary

particles and the four forces through which they
mteract must break down at distances just out of reach.
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e The particle
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The Standard Model 1s the theory which descnibes the
known elementary particles and their interactions.

[t descnibes well all expennments which have bee
performed to date, with a few recent exceptions.
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The 12 known constituents of matter
and the 4 fundamental forces
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One SM particle remains AWOL: the Higgs boson
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Particle masses are due to the resistance of moving
through the Higgs vacuum.
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The Higgs particle is a wave moving through this
Higgs vacuum.




The Standard Model

= -
B
1 - —
. - - . - ' | _._“‘ =
i L L4l L% 1S =2
= !
-
*w '
+ e ; ¥ ‘-‘*‘\. ! E t. _.Iudm[n
11 L%/ 1 (L% A |

™
(/)
o
@)
(@
gV
Sl
)
¢
S

LEP 11

I : ) 190 LY MO 1e0 150 20 2

e Cemtre-of -moss energy el |

ds

SIEC

In dctall, sucn as tmrougn e e Col1s10ns




The Standard Model




The Standard Mode

— 4 4
. - - . ';q,i'-a. _.-‘“
o ! et A e L N
1+ 1 I x T = I
e
L8 8 %% A \.‘I‘i—--_ -

™
&
F‘
—
e
(@)
gV
Jfl
)
¢V
Sl

oS

SHTOW

-
-
=
I';Q,
~

1.- TCT ] P

LLiD J_.'f.' E'

rnar rnev were

—y
i

on the n

(dlUéE [0 él

UTT

.F'r-]"r 11

>y T

“3* 3P C

._:.l

irion of the moon

ledr 1\

SENSIIIV

e Fa

LLriC

—
&
’ .'r:..: {

ecti

&
4

1 [ne

ical

MOU?

todaa oj



The Standard Model

T s | 4
= i T 1
® & YTt g
e L7 L4 L% 1%
-r""' - % 1‘_"' -
A3 L% A % e L ..H

™
&
r-d
-
@
)
(D
L
o
D
U/

» 1T YY1 T 11
! } j

A J 28808 8 Gtetd™N" 4Rk,
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constrained |“ the accuracy of these tests
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Theoretical Problems:.

e | 1mitations Hierarchy Problem
Cosmological Constant Problem
Who ordered all this?

What about Gravity?
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* Nothing? |y + i Z

W-W scattering: o ~ (o In E)/M 7

[he SM without the Higgs boson must break down at
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energies of order M /a ~ few 1TeV because o< I/E-
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* Nothing? |y + E Z

W-W scattering: o ~ o/ E?

| he SM with the Hiees boson carn make sense for

energies much larger than M,/a ~ few Te\
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e Bevond the § * Beyond the SM- the Hierarchy problem
) provides clues as to what else might be
found, since any explanation of what
allows M « M must change physics at
energies just above M,
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BC}'ODd the S ¢ Beyond the SM-: basically three options:

No elementary Higgs:

N ( omposite models
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 Beyond the S A

* Another level of substructure 1s
historically the most conservative guess
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No elementary Higgs:
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New symmetry alleviating fine tuning:

. Supersyvmmetry
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- 1 * Usually implies‘superpartners’ for each
| = kind of known particle
e lightest superpartner 1s usually a good

dark matter candidate
e Bevond the S




What might be seen

 Beyond the S

 Hint for supersymmetry: in the preference
for light Higgs in precision measurements
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Hints for supersymmetry: apparent
unification of SM couplings



What might be seen

e Bevond the S * Beyond the SM-: basically three options:

No elementary Higgs:

e (Composite models

New symmetry alleviating fine tuning:
o Supersymmetry
Gravity scale 1s not really M_
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e [f there are extra dimensions and they
e The Higgs B« g
SE are large, then the gravity scale could be
much lower than we think. . ..

 Beyond the S
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-+ This is the scenario that potentially
« Beyond the § ~ ™ W C am :
leads to black hole production ...
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Outlook

 The LHC started a long physics run a few months ago/

» Runs at full beam energy could begin late next year.
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Outlook

b L & 2 8 N L L e L o b e, 4 4 A L A & e L 1 M B b

 The LHC should tell us if the Higgs mechanism 1s
right, and how 1t works.

« The SM Hieges boson. or its altermnative. should be found.

e
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e Surprises are mnevitable!
» The LHC 1s likely to represent a major change to our
understanding of Nature at its most elementary level.
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End of shde show, dick to exdt




Websites with more information

The ATLAS and CMS detectors:

[LHC outreach:

Particle Data Group outreach:

LHC Rap: http://www.youtube.com/watch?v-j50ZssEojtM




