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Abstract: The Large Hadron Collider (LHC) is now running (after a rocky start). This talk reviews why the start was rocky and how this cons
the physics program over the next few years. | will briefly survey how 'naturalness'

arguments argue why something should be discovered, and why theoretical proposals fall into three main categories. If time permits | will cl
telling you why | think the cosmological constant problem implies the LHC will strike paydirt and make quantum gravity an experimental scien
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What 1s 1t?
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Overall view of the LHC experiments.
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Good interconnect normal operation (1.9K)
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Good interconnect, after quench (>10K)
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Bad interconnect, normal operation 1.9

e Recent Event
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What 1s 1t?

W. Trischuk

. _ What if there are also problems with the other
* The Machine magnets that did not (vet) fail?

Can measure resistance of connections to
infer which are bad
e Recent Event
worst magnet (at 300K): 50 pQ
At 7 TeV believed safe even with 120 €

At 10 TeV believed safe even with 70 pQ2

Pl Sept 2011
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What 1s 1t?

W. Trischuk

e The Machine

e Recent Event

But some sectors remain cold

Takes months to heat and recool and there is
not enough storage for the He: nQ resistance

Pl Sept 2011
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What 1s 1t?

W. Trischuk

e The Machine 55

The Plan: run at 7 TeV (3.5 on 3.5) until 2012, =
then shut down and upgrade to the design of 14 s
TeV.

e Recent
But some sectors remain cold

Takes months to heat and recool and there is
not enough storage for the He: nf2 resistance

Pl Sept 2011
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What 1s 1t?

LHC sets new world record

e The Machine

e Recent Event

Up and running again for some time

Pl Sept 2011
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What 1s 1t?

e The Machine

LHC 2010 RUN (3.5 TeV/beam)
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accelerator has been working superbly
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What 1s 1t?

e The Machine

- Delvered 1.0 >
— Ra<orded 0 %4 M

e Recent Event
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The accelerator has been working superbly
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What 1s 1t?

e The Machine

LHC 2010 RUN (3.5 TeV/beam)
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What 1s 1t?

arXiv:1109.2205 [pdf, other]

Measurement of the Drell-Yan differential cross section at 7 TeV
Stoyan Stoynev, for the CMS Collaboration

® T l] C M u C l] l l] C arXiv:1109.2242 [pdf, other]

Search for displaced vertices arising from decays of new heavy particles in 7 TeV pp
collisions at ATLAS

ATI AS Cinliahnratinn

arXiv:1109.2352 [pdf, other]
Search for Supersymmetry at the LHC in Events with Jets and Missing Transverse Energy
CMS Collaboration

arXiv:1109.2457 [pdf, ps, other]
A Search for Higgs Boson in $H\rightarrow WA+WA.§

Kevin Sung, for the CMS Collaboration
arXiv:1109.2676 [pdf, other]

Measurement of the WW Cross Section in 7 TeV pp Collisions with the ATLAS Detector
° RCC Cnt Evcnt Haljun Yang on behalf of ATLAS
arXiv:1109.3089 [pdf, ps, other]

Search for a heavy neutral particle decaying into an electron and a muon using 1 fb*-1 of
ATLAS data
ATLAS Collaberation

s 5 pages plus author ist (17 pages total), 4 figures, 2 tables, submitted 1o Eur Phys J C |

High Energy Physics - Experiment (hep-ex)

ATLAS

1.07 b*.1. The 3

confiden 3l imits on the production of twa p
supersymmetric r and Z"-like vector boson

Good science has been coming out...stay tuned!

Pl Sept 2011

Pirsa: 11090101 Page 30/99




Why was it built?




Why was 1t built?

 The Standard Model

e Successes

e [imitations
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Pirsa: 11090101 Page 32/99




Why was 1t built?

 The Standai

e Successes

e Limitations The Standard Model is the theory which describes the
known elementary particles and their interactions.

[t describes well all experiments which have been
performed to date, with a few recent exceptions.

Pl Sept 2011
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Why was 1t built?

The Standard Model

®» The Standard : -Ffrminns‘ 3059ns
e Successes

e [ 1mitations

The 12 known constituents of matter
and the 4 fundamental forces

Pl Sept 2011
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Why was 1t built?

The Standard Model

 The Standard Farmions
e Successes
e [ 1mitations

One SM particle remains AWOL: the Higgs boson

Pl Sept 2011
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Why was 1t built?

The Standard Model

o Thc Standard -F—frmiuns. - Bosons
e Successes
e [ 1mitations

One SM particle remains AWOL: the Higgs boson

Pl Sept 2011
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Why was 1t built?

 The Standard

e Successes

e [imitations

L=EDE +LDL+QDQ +UDU + DDD
+B, B" + WiV + G G +Ga Gh

+H(Ly,E)+ HOy,D)+ H'(Oy,U)
+D,H'DH+ A(H"H - v

A model only a mother could love...

Pl Sept 2011
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Why was 1t built?

The Standard

Successes

e [Limitations

Pirsa: 11090101

L=FEDE +LDL+0DQ+UDU +DDD
+ B, B+ Wi+ Go G +Go GY

+H(Ly,E)+ H(Oy,D)+ H'(Oy,U)
+D,H'DH+ A(HH - v}

A model only a mother could love...

Pl Sept 2011
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Why was 1t built?

L =EDE +LDL+QDQ+UDU + DDD
+ B, B*" + Wi + GG+ G GEY

+H(Ly,E)+ H(Oy,D)+ H'(Oy,U)
+D,H' DH+ A(HH - v}

The Standard

Successes

 Limitations A model only a mother could love...

Pl Sept 2011
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Why was 1t built?

L=EDE +LDL+0DQ+UDU +DDD
+B, B+ Wi W+ GLGE +GELGYY

+H(Ly,E)+ H(Qy,D)+ H'(Ov,U)
+D,H'DH+ A(H"H - v}

 The Standard

Successes

[Limitations [ model only a mother could love...
What is beautiful about the Standard Model is that it is
the most general way that the given particles can
interact at low energies (with the given gauge
symmetries)

Pl Sept 2011
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Why was 1t built?

L=FEDE +LDL+0DQ+UDU +DDD
+B, B+ Wi + GG + G G

+ H(Ly,E)+H(Qy,D)+ H'(Oy,U)
+D,H'D'H + A(H H )

 The Standard

Successes

Limitations [ model only a mother could love...
What is beautiful about the Standard Model is that it is
the most general way that the given particles can
interact at low energies (with the given gauge
symmetries)

Pl Sept 2011

Pirsa: 11090101 Page 41/99




Why was 1t built?

e The Standard Model

e Successes

e [imitations
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Why was 1t built?

e The Standard

Cross section (pb)

e Successes

T - [ we B .
e [Limitations [ ey ———

' . . 1 ' [ 1 '
4 6 80 100 L2 140 160 180 200 220
Centreof -moss energy (GeV)

The SM is tested in detail, such as through e e collisions

Pl Sept 2011
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Why was 1t built?

Measurement

e The Standard

L P N "N .

@ SL[CCCSSCS 7 0.21629 + 0.00066 0.21581

0.1721 + 0.0030 0.1722
0.0992 + 0.0016 0.1038
0.0707 + 0.0035 0.0742

0.923 + 0.020 0.935

e Limitations

0.670 + 0.027 0.668

m, [GeV]

The SM

Pl Sept 2011
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Why was 1t built?

e The Standard

Measuremant

e Successes

BS8) A = 0.02761 £ 0.00036
= 01180002
£ me 174.3£ 5.1 GeV

e [imitations

Unknown quantities, like the Higgs mass, are strongly
constrained by the accuracy of these tests

Pl Sept 2011
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Why was 1t built?

. | So what’s wrong with the Standard Model?
* The Standard

Observational Problems:

‘ Neutrinos appear to have masses...
e Successes Dark Matter and Dark Energy unexplained..

DARK
75% engrGy

o, NORMAL
4% MATTER

‘-';“.l'“l‘jﬁ_
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Why was 1t built?

» | So what’s wrong with the Standard Model?
* The Standard

Observational Problems:

. Neutrinos appear to have masses...
* Successes Dark Matter and Dark Energy unexplained..

i y Theoretical Problems:
* Limitations
Hierarchy Problem
Cosmological Constant Problem
Who ordered all this?

What about Gravity?

Pl Sept 2011
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Why was 1t built?

3 /2
* The Standard M gz R M/? /1'7?/)

The Hierarchy Problem

e Successes Problem: Why is the scale of Higgs symmetry
breaking (and so also all known masses) so much
smaller than the only other fundamental scales about

% . . which we know?

* Limitations
Protons: the nuclear scale m,~ 1 Gev
Higgs: the weak scale My ~ Gg17? ~ 10° GeV
Gravity: the Planck mass M, = Gy1?2 ~ 10" GeV
Neutrinos: L-violation scale? M; = M7 /m, ~10"GeV

Pl Sept 2011
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Why was 1t built?

* Ideas for what lies beyond the Standard Model are
largely driven by ‘technical naturalness’.

* Motivated by belief that SM is an effective field theory.

LSM — mOZH*H + dimensionless

Pl Sept 2011
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Why was 1t built?

 Ideas for what lies beyond the Standard Model are
largely driven by ‘technical naturalness’.

» Motivated by belief that SM is an effective field theory.

LSM — mOZH*H +  dimensionless
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Why was 1t built?

 Ideas for what lies beyond the Standard Model are
largely driven by ‘technical naturalness’.

* Motivated by belief that SM is an effective field theory.

LSM — moz H*H + dimensionless
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Why was 1t built?

* Ideas for what lies beyond the Standard Model are
largely driven by ‘technical naturalness’.

» Motivated by belief that SM is an effective field theory.

LSM — moz H*H + dimensionless
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Why was 1t built?

BUT: effective theory
can be defined at
many scales

M,~10"° GeV

M~ 10" GeV

M, ~10 GeV
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Why was 1t built?

BUT: effective theory
can be defined at
many scales

M~ 10" GeV

M, ~10 GeV
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What might be seen?

* Nothing?

* The orthodoxy

* Quantum Gravity 1n your face
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What might be seen?

* Nothing?

+
e The orthodox

W-W scattering: o~ (¢ In E)/M,7?
The SM without the Higgs boson must break down at

i ()Ll;_l]']l[[n'] Gre energies of order M;/a ~ few TeV because o < 1/FE°

Pl Sept 2011
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What might be seen?

* Nothing?

__l_
e The orthodox

W-W scattering: o~ o/ E?
The SM with the Higgs boson can make sense for

® (\)L[;l]][[[l]] (il'; energies much larger than My/a ~ few TeV
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