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In this lecture, we will cover

 What 1s the Large Hadron Collider?
* How do high energy experiments work?
 What’s so special about the Higgs Boson?

 What 1s it like to work on an experiment with 3000 other
people?

* What other fundamental questions in physics could be answered
at the LHC?

* Your questions!
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The scales and forces of the universe
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Standard Model of Particle Physics in | slide

The Standard Model 1s a Quantum Field Theory describing elementary particles
and their interactions. It 1s a fusion of Special Relativity (Einstein) and Quantum
Mechanics (Bohr, Planck, Heisenberg, Schrodinger, and many others), and was
fully developed by Glashow, Weinberg and Salam in 1967 (Nobel Prize, 1979) .

There are 3 main ingredients:

e Forces: Electromagnetism(Yy), quarks g
Weak Nuclear Force(W=,7),
Strong Nuclear Force(g)

¢ notice that gravity is missing!

o Matter leptonsE

® 6 quarks. 6 leptons in 3 generations

| | | V bosons
e Higgs Mechanism (bzw. BEH mechanism)

3 generations of matter
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According to the Standard Model all known forces are due to the
exchange of Bosons -the photon, gluon, W, Z, or the Higgs.

Richard Feynman showed how interactions represented 1n a quantum field
theory could be drawn as an (infinite) series of diagrams.

Electromagnetic Force
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2013 Nobel Prize in Physics

..‘.9’5!;;\-'._ The Nobel Prize in Physics 2013
’,_;.,”:»' Francois Englert, Peter Higgs

This year’s physics Nobel
Prize was awarded to

The Nobel Prize in Francois Englert and Peter
Physics 2013

Higgs for laying the
theoretical foundation of
the Higgs Mechanism in the
Standard Model and
predicting the existence of
the Higgs Boson.

It was awarded nearly 50
= N | years after the work was

The Nobel Prize in Physics 2013 was awarded jointly to Francois Englert and .

Peter W. Higgs "for the theoretical discovery of a mechanism that PUthhed’ PrObably as a

contributes to our understanding of the origin of mass of subatomic

particles, and which recently was confirmed through the discovery of the resu It Of th c d ISCOVve I”)’ Of

predicted fundamental particle, by the ATLAS and CMS experiments at

CERN's Large Hadron Collider" the nggs Boson IaSt )’eal".

Francois Englert Peter W. Higgs
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What 1s the Higgs Boson?

It started out as a mathematical trick
to make the massless particles in our
Quantum Field Theory, appear to
have mass, so that they would
correspond to the particles that we see
In our experiments.

To do this you have to assume that
there 1s a new energetic field

- the Higgs Field -
that permeates the entire universe!

An excitation of the Higgs Field 1s
the physical manifestation - the Higgs “Science is what we do to keep from

Boson. fooling ourselves” R.Feynman
But 1s it true?

For more discussion, see Prof. Arno Straessner’s Ringvorlesung:

Ist das Rétsel der Masse gelost? - Teilchenphysik am Large Hadron Collider
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http://straessn.home.cern.ch/straessn/download/Straessner_StudiumGenerale2013.pdf
http://straessn.home.cern.ch/straessn/download/Straessner_StudiumGenerale2013.pdf

room full of physicists quietly chattering is like space filled

only with the Higgs field...

To understand the Higgs mechanism, imagine that a
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... a well known scientist walks in, creating a disturbance
as he moves across the room, and attracting a cluster of
admirers with each step ...
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David Miller (University College London) »
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... this increases his resistance to movement, in other
words, he acquires mass, just like a particle moving
through the Higgs field ...

\[70 M7 B R
Each type of particle hasa |
9 . "~ different interaction strength
David Miller (University College London) A ! — for giving 1t 4 mass.
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.. iIf @a rumour crosses the room ...
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.. it creates the same kind of clustering, but this time
among the scientists themselves. In this analogy, these
clusters are the Higgs particles.

Pl

2 Similar to how an excitation
n {0 ih- ¥y of the electromagnetic

Wy . field creates photons!
/

David Miller (University College Londo

e 2 -
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Who proposed the Higgs boson?

Although Peter Higgs’ name is associated with the addition of a scalar field,
there were several others who came up with the same idea about the same time.
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Who proposed the Higgs boson?

The basic method of adding a scalar field was proposed in 1962 by Philip Warren Anderson, a solid
state theorist.
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http://en.wikipedia.org/wiki/Philip_Warren_Anderson
http://en.wikipedia.org/wiki/Philip_Warren_Anderson

Who proposed the Higgs boson?

A relativistic model was developed in 1964 by three independent groups:
e Francois Englert and Robert Brout;

e Peter Higgs;
¢ Gerald Guralnil =
C.R. Hagen,and § *
Tom Kibble.
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http://en.wikipedia.org/wiki/Francois_Englert
http://en.wikipedia.org/wiki/Francois_Englert
http://en.wikipedia.org/wiki/Peter_Higgs
http://en.wikipedia.org/wiki/Peter_Higgs
http://en.wikipedia.org/wiki/Gerald_Guralnik
http://en.wikipedia.org/wiki/Gerald_Guralnik
http://en.wikipedia.org/wiki/C._R._Hagen
http://en.wikipedia.org/wiki/C._R._Hagen
http://en.wikipedia.org/wiki/Tom_W._B._Kibble
http://en.wikipedia.org/wiki/Tom_W._B._Kibble

Who proposed the Higgs boson?

Higgs' original article describing the model was rejected by the journal Physics Letters.

When revising the article before resubmitting it to Physics Review Letters (August 31, 1964),

he added a sentence at the end of the paper mentioning that this scalar field implies the existence
of one or more new, massive, scalar bosons, which are excitations of the Higgs fields:

These are the now called Higgs Bosons.

10
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Have we seen the Higgs?




How do we look for the Higgs?

The standard model describes the possible decays of the Higgs Boson,
and indicates that 1t will live for only ~ 10-2! seconds before it decays.
So we will not directly “see” the Higgs, only its decay products.

The decay modes are predicted by the standard model, even though
the exact value of the mass 1s not!
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To find the Higgs we need to build
colliding beam accelerators
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Colliding beams?

Just like in a demolition derby a head on collision of two cars 1s much
more destructive (has more energy) than a collision while going the same
direction. This 1s the reason for colliding beams, we want to have the most
energetic collisions possible- and use this energy to create new particles!

There 1s a long history of building colliding beam machines.

*ISR 1971-84 (proton-proton) 62 GeV

*L.EP 1989-2000 ( electron — positron) at > 100 GeV

*SSC 1993 (proton-proton) in Texas — cancelled- > 40000 GeV
*Tevatron 1983-2011(proton —antiproton) at Fermilab > 3000 GeV
*LHC 2010-Present (proton-proton) 14000 GeV

Searching for particles in the standard model, for gauge bosons, and
the Higgs have been major goals of each of these colliders.

16
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A few milestones for LHC

*Planning for the LHC began : 1993

*LEP accelerator closed and removed from
tunnel-2000

*Last magnet installed in LHC- April, 2007
*Beam injected into one sector- August 2008
*First circulating beam — Sept 10, 2008
*Disaster! Magnet arc quench — Sept 19, 2008

*First collisions- Nov 23, 2009
*First collisions at 7.0 TeV , March 30, 2010
*Data taking 2010, 2011, 2012 (8 TeV)

Upcoming:

e Data taking 2015-2018 at full design
energy (14 TeV)

e Upgrade of detectors 2018-2020

¢ Final dataset gathered 2020-~2030

The
15-m long

" LHC cryodipole

Feed Throughs

Insbrurmenty

20

Tuesday, October 29, 13



What happens 1n a proton-proton collision at the LHC?

Protons collide at the interaction points around the LHC
ring, but the proton 1s not a fundamental particle. The
quarks and gluons that make up the proton are the
particles that interact. At the LHC both quark-quark and
gluon-gluon interactions are very important.

> <

Down quark Up. quark Down quark

Up quark

Gluons holding quarks together to form a proton

(diagram from Scientific American)
17

Gluons holding quarks together to form a proton
(diagram from Scientific American)
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CERN Accelerator
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Proton collisions 1n the LHC

LHC has stored beams of 2 x 1013 (20 trillion) protons in a 16
micron diameter beam (half the size of a human hair). Each proton
bunch 1s about 20 cm (8 1n) long. We are running presently with
about ~2000 bunches 1n each ring resulting 1n about 20 million
crossings /sec!

The two thin bunches pass through each other like two trains on
the same railroad track, resulting about 30 proton-proton collisions.

- £ ~ ~ S = T e ; 771X /7 A, ) - o \ » L
e . o [N VN s X 25l L S e L™ N
— i 3. R N | a8 }\\ . y o I\ /./ P - . 7
A\ ( < 7 - P F =0 ~ e,

— — ?"i@\\‘:—_-__- N I\
_ e > ,

—_———

23

Tuesday, October 29, 13



Collision Event

26
ATLAS Experiment © 2013 CERN
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How do we i1dentity the Higgs in the collisions?

WHERE'S HIGGS BOSON?
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A Toroidal LHC Apparatus

Muon Chambers Toroid Magnets Had. Calorimeter E.M. Calorimeter

Length: 44 m
- ~ Diameter: 22 m
>3 m long > : Weight: 7000 t
35 m high (10 story building)
30 m wide
92 m below ground (30 stories)

Solenoid Magnet Transition Radiation Tracker J Pixel Detector
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Particle ldentification

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic
Calorimeter

Solenoid magnet
ransition

Radiation R -

Tracking € Tracker 3 g p\ﬁ ATLAS
Pixel/SCT EXPERI MENT
detector

http://atlas.ch
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Constructing the ATLAS detector

® Teams of physicists, engineers and technicians collaborate globally to design
and build each detector component and sub-component

* Components are rigorously tested, usually by the institute that built the
component, for functionality, ability to withstand the high radiation environment
of the LHC, and communication with neighboring components

* Commissioning of the components takes place in-situ at CERN
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Construction of ATLAS in 1 minute ATLAS Experiment © 2013 CERN
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| Closure of the LHC beam pipe ring
@ on 16th June 2009

‘L ’ . ./ i‘ A '\;

26

Tuesday, October 29, 13



More than 1 proton-proton collision can occur in each crossing.
Number of proton-proton collisions in the detector: 1 billion/sec.
When any of the protons collide, the process is called an “event”

If all data were recorded, this would fill 100,000 CDs
per second. This would create a stack of CDs 150 m
high every second, which could reach to the moon and
back twice each year. This data rate is also the
equivalent to making 50 billion telephone calls at the

Data Acquisition

Bunches of protons cross 40 million times per second.
Each bunch contains 101! protons.

same time.

To filter out the least interesting events, we have a 3-level
triggering system, which reduces the amount of data we

actually record to a manageable size - 320 MB/sec or 27/
CDs per minute.

Incoming event rate per second | Outgoing event rate per second | Reduction factor
Level 1 | 40 000 000 ' 100 000 400
Level 2 100 000 3000 30
Level 3 3 000 200 15

16

Tuesday, October 29, 13



Physics Exploration = Computing

The data produced by the collisions is available to all collaborators via an international

computing grid called the Open Science Grid (OSG). The data 1s disseminated in a 3-tier

structure to efficiently access the data across the world. The OSG i1s also used by physicists to
analyze the data.

200Hz - 400Hz Event Summary Data (ESD): ~| MB/evt
RAW: ~1.7-1.|MB/evt Analysis Object Data (AOD): ~100 kB/evt
o derived data (dESD, dAOD, NTUR....)
| i o alibration distributed over the Grid
W CERN
1% T Analysis
Facility

Data Recording to tape
First Pass Processing

10 Tier-1 centers
RAW data copy on tape
Analysis data on disk
Reprocessing

38Tier-2 centers
(~80 sites)
Analysis data on disk
User Analysis

36
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Exploring tor new physics at the LHC

ATLAS control room
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When LHC 1s running, ATLAS collects data 24 hours per day, 365
days per year. All collaborators share the shift duties.
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Exploring tor new physics at the LHC
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Exploring for new physics at the LHC
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CERN - Building 40

Tuesday, October 29, 13



How ATLAS collaborates

How does one become an ATLAS author?

Every scientist should complete a task that benefits the entire experiment and
requires |/2 of their available research time for one year.
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How does one become an ATLAS author?

Every scientist should complete a task that benefits the entire experiment and
requires |/2 of their available research time for one year.

How is the leadership structured!?
Due to the size of the collaboration, a management structure not unlike one you
would find in a company is in place. The top leaders are elected by the authors.
Mid-level managers are usually made by appointment after calling for nominations
from the authors.
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How does one become an ATLAS author?

Every scientist should complete a task that benefits the entire experiment and
requires |/2 of their available research time for one year.

How is the leadership structured!?
Due to the size of the collaboration, a management structure not unlike one you
would find in a company is in place. The top leaders are elected by the authors.
Mid-level managers are usually made by appointment after calling for nominations
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How do important decisions get made!

Key experts in the collaboration usually make proposals and their recommendations
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meetings in which all authors are invited to contribute their thoughts. A concensus is
usually formed through discussion, although in rare cases the ATLAS management
makes an executive decision.
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How ATLAS collaborates

How does one become an ATLAS author?

Every scientist should complete a task that benefits the entire experiment and
requires |/2 of their available research time for one year.

How is the leadership structured!?

Due to the size of the collaboration, a management structure not unlike one you

would find in a company is in place. The top leaders are elected by the authors.

Mid-level managers are usually made by appointment after calling for nominations
from the authors.

How do important decisions get made!

Key experts in the collaboration usually make proposals and their recommendations
are discussed in the ATLAS Executive Board and presented in ATLAS plenary
meetings in which all authors are invited to contribute their thoughts. A concensus is
usually formed through discussion, although in rare cases the ATLAS management
makes an executive decision.

How does one apportion the tasks!?
ATLAS tries to match the interests and resources of the participating team to the
tasks. This can only succeed if everyone is also willing to share the less interesting but
necessary tasks. This works because the physicists are motivated by the prospect of
the exciting results to be obtained, and know that these depend on having a complete
working detector system.
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How ATLAS collaborates

How does one collaborator get credit for his/her contributions!?
Internal publications within the collaboration will document the individual
contributions, as they are typically written by small teams. Leading contributions are
often recognized by asking the person in question to present results at conferences.
But often, major results are possible only through the collective work of tens if not
hundreds of people.
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How ATLAS collaborates

How does one collaborator get credit for his/her contributions!?
Internal publications within the collaboration will document the individual
contributions, as they are typically written by small teams. Leading contributions are
often recognized by asking the person in question to present results at conferences.
But often, major results are possible only through the collective work of tens if not
hundreds of people.

Where does the money come from?

Large project funds come from science funding agencies of the various participating
countries. There are also direct contributions from CERN and the various individual
university funds.
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Demographics National affiliation

% women % women

. . . (o) -
® 3000 scientists and growing (15% women) e XN W Y
USA 182%  16,1%
Germany 13,9% 20,7%
® |/3 of the authors are graduate students Uk 01%  232%
italy 7.7%  25,8%
France 7,0% 29,2%
Percentage of men, ffm o
Canada 3,8% 20,0%
women b)’ age . Russia 3,4% 6,1%
Breakdown of women in ranks S 20%  357%
Czech 2,5% 6,3%
Netherland 1,9% 27,0%
“Executive” tasks “Physics” tasks Sweden 1,8% 25,7%
Israel 16%  18,8%
JINR 1,5% 3,4%
S— <2008 Switzerland 1,4% 25,9%
Greece 1,3% 34,6%
— China 1,3% 8,0%
2008-2012 Poland 12%  30,4%
Norway 09%  27.8%
Portugal 0,9% 22,2%
Romania 0,8% 46,7%
Australia 0,7% 7,1%
Turkey 0.7%  21,4%
Denmark 0,6% 16,7%
Brazil 0,5%  30,0%
Slovak Rep 0,5% 10,0%
Morocco 0,5% 1,1%
Slovenia 0,5% 0,0%
Talwan 0,5% 0,0%
Argentina 0,4% 25,0%
Serbia 04%  71,4%
Chile 03%  16,7%
DR PR South Afric 0,3%  20,0%
Belarus 0,2% 0,0%
: : : | 2% 0%
Women are making strides in ATLAS (and HEP, generally), although a i o —
recent study by American Institute of Physics indicates this isn’t a iy T

global trend in physics. Armenia 0.1% ___0.0%
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Higgs production and decay

The Standard Model predicts the
number of Higgs events we should

see and what the Higgs will decay ?\w’(bn ‘H\DM
into (as a function of the unknown
mass).

E .l'\i%: pacdide

There are many ways to produce a g
Higgs, and many ways in which 1t o ( \onti-tp
decays. We use Feynman diagrams
to help us visualize these processes.

\
The decay mode determines what /g K
o prode

we measure 1n our detector. Sk

wdW \“'°‘)
6\ > 4
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What 1s the signature of a Higgs?

The signal with the least background
1s Higgs decaying to two photons.

CERN

How do we calculate the Higgs mass?

It the Higgs were stationary, we just

add up the energy of each of the two photons
since Energy = Mass * ¢2, we can calculate
the mass.

It the Higgs 1s moving , then we also need to
take into account the directions of the
photons.

Excess events at one particular mass above a
“background” indicate the presence of a new

. “Take a look at this everyone - it just could
part1cle. be the signature we’ve been looking for!”
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How do we “discover” the Higgs?

We count events!

Some events are real Higgs events, and some are Backgrounds:
fake, or background, events Arreducible: YY, YY+jets

yy irreducible background

q g lj”“””
el AN

q

|

[fb/GeV]

Bl signa Reducible: Y+jets, jets,

Drell-Yan

w
-
L= Y.~

— Irreducible bkg

E;\I
A%y
ko

Reducible bkg -‘/-jet and jet-jet (reducible)

20 125 130 135 140 145 150
M, [GeV]

Simulation of possible
Higgs signal and background
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Discovery of Higgs decay to two photons

> — I I : AR A D R A R
§ “4N0E- Vs =7 TeV ILdt 00216 " Apr18,2011 _
£ 4000 =
After two years of g : -
B ] ATLAS Preliminary -
accumulating events - -Data oITnEY S
’ 3000 — H—yy channel —
» — — Background-only Z
the following plot 2500 :
of the two-photon 2000 =
mass spectrum from 1500 - =
ATLAS presents evidence S0 B E
of the Higgs particle. 500 — E
N esssscnssolenionnnossslonesssiosnslesssiscsosslsssosssssoslsssssssss.
iC 200 =
°
s 0
200 .
100 110 120 130 140 150 160

M.. [GeV]
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Announcement of Higgs discovery at CERN - July 4, 2012

We have looked for a SM Higgs over the mass region 110-600 GeV in 12
channels

We have excluded at 99% CL the full region up to 523 GeV except 121.8< my<130.7
GeV
We observe an excess of events at my ~ 126.5 GeV with local significance
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We have looked for a SM Higgs over the mass region 110-600 GeV in 12
channels

We have excluded at 99% CL the full region up to 523 GeV except 121.8< my<130.7
GeV
We observe an excess of events at my ~ 126.5 GeV with local significance
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At last --- a picture of a Higgs
T3z (“l‘ert ’, Peter %i'ggs

- \
q

Franco

A
[ N

’5‘ - /'”’///// ”///f “WHEN THEY FINALLY
DISCOVER THE
HIGGS BoSoN
Peter Higgs | WANT To GET
Rolf Heuer - Director of CERN MY PICTURE f
Joe Incandela — CMS spokesperson TAKEN WITH IT. B

Fabiola Gianotti - ATLAS spokesperson

'////),,.
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WE HAVE
/ DISCOVERED WHAT

NOTHINGNESS
IS MADE oF !

|
- .
-
..“\ y
: “
_
Py o » :
Y o, L d :
.
\
. :

QUITE
SOMETHING!
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But 1s this the one and only
Standard Model Higgs?

W.ZH — bb

\s=7TeV: |Ldt= 4.7 b

H-o 1t
\s = 7 TeV: | Ldt « 4.6-4.7 1b"

\s=7TeV: lLdt=4.7 b’
\s =8 TeV: [Ldt =58 1"

H— y}(
\s=7TeV: JLdt= 481"
\s=8TeV: |Ldt=5.9 "

H-2zZ" = 4

\s =7 TeV: |Ldtw 4.8 1"
\s=8TeV: Ldt=581"

]ATLIASI 201; : 20‘12

H— WW' = Iviv

[ [
i m, = 126.0 GeV

Standard model >
. ——

—

Combined

\s=7TeV: JLdt=46-481"
1s«8TeV: lldt«58-5910"

1 l l

1 0 1
Signal strength (u)

Figure 2. Decay-mode
branching fractions
of a 125-GeV Higas
boson, as predicted by

"\ Cluen gluan
' 9%

the standard model.
The five modes in i ersanes

bold constituted the . %

ATLAS ana CMS -

teams’ searches. JL‘ Charm§qlzbcharm
Specifically, the two ',’ ~g. 7 4% :

rarest modes they y

considered, Z-Z and Photon-photon,
photon-photon, were g}?'f:i'l

the basis for the discovery.

For the next decade we will be increasing
the number of measurements of

this Higgs particle and improving

our determination of it’s coupling to other
particles, its quantum properties and 1ts
decay modes.
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Why 1s this important?

* Physicists: With the observation of a Higgs the Standard
Model 1s now complete and it may suggest the ways this
model must be modified 1n the future.

 Everyone: Your tax money has contributed to a fundamental
discovery. It now appears that what we had called empty
space - the vacuum - 1s much more interesting than we could
have dreamed. This will now have ramifications for
cosmology and for understanding the workings of our
universe.

49

Tuesday, October 29, 13



What 1s left for ATLAS to do?

The Higgs particle was the only undiscovered particle in

the standard model. Although it explains why the fundamental particles
acquire mass, it does not explain dark matter, dark energy or gravity.
Dark Matter and Dark Energy
Only 4% of the mass-energy
density of the universe

appears to be made of Standard 595 DARK

Model particles,

21% appears as neutral,

gravitationally interacting, % warren
unknown particles (?) surrounding
each galaxy - Dark Matter.

75% 1s unknown, energy that 1s believed to be causing the universe
to expand- Dark Energy.

50
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Searches tor Supersymmetry
or Dark Matter at ATLAS

At the LHC we may be able to discover
Dark Matter, 1f it takes particle form.
We know that it surrounds galaxies like
a giant, clumpy cloud.

We know about the existence of dark
matter from galactical observations,
such as the Bullet Cluster.
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Searches tor Supersymmetry
or Dark Matter at ATLAS

One speculation 1s that dark matter 1s the X G LSPescapes detection > missing £,

lightest of a large collection of p é p

“supersymmetric”’ (SUSY) particles. We | J i . /

have searched for these at the LHC, but so \q o i{ \f
0 v

far have not seen any. Higher energy j
running after 2014 may reveal this particle.

“Typical” SUSY decay chain at the LHC

Standard particles SUSY particles

. '=<2
-2 =<2
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Conclusion

| hope | have given you some inkling of the what/how/where/who/why of
High Energy Particle Physics at the LHC.

The discovery of the Higgs Boson is a major milestone in our field.

We do this work out of a genuine curiosity about nature, what we are made of
and how we got to be here (and also because we want to make a living doing
something we enjoy). There are applications of this research, such as radiation
treatment for cancer, data transfer protocols that became the foundation of the
internet, but applications or economic considerations are not the driving reason.

Exchange between Robert Wilson (first director of Fermi National Accelerator
Lab - precursor to the LHC) and Senator John Pastore of Rhode Island:

JP: Is there anything connected with the hopes of this accelerator that in any way involves the security of the country?
RW: No, sir. | don’t believe so.

JP: Nothing at all?

RW: Nothing at all.

JP: It has no value in that respect?
RW: It has only to do with the respect with which we regard one another, the dignity of men, our love of culture. It

has to do with, are we good painters, sculptors, great poets? ... It has nothing to do directly with defending our country
except to make it worth defending.

51
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Back-up Slides
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God Particle?

Leon Lederman, the former director of Fermilab near

Chicago, titled his 1993 book “The God Particle”. ' HE

)I)
The Higgs has no religious implications, the only reason |)\| )r| l( 1K
that Lederman used this expression, 1s that the Higgs field LEON
1s a pervasive field throughout our universe, and that it U :_l_ ) :L!)\J\’Iz\‘\'
1s the basic reason that all elementary particles T
have mass. (and we would not be here without it!)

yi
nd on the
Note, however: seventh day, 419
Most of our mass is due to the mass of protons he called his
and neutron that we contain, and this mass is mainly patent ( \a
attorney.. ~

due to the kinetic energy (Fermi energy) of the bound
quarks and gluons ( M= E/c?). However, if the quarks had
zero mass they would never form protons or neutrons! — MeousSS—e—== .

i 12
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Other Sources? /ot

trapped |
;“‘l\ '-\ teane /

:
:

® Strong dynamics, ADS/CFT —

-

® Extra Dimensions

® Kaluza-Klein resonances

ol v vowned w vl v ovreeed s vl o1

® Unmotivated theories

® Unparticles, Hidden Valley, Quirks
-~ 5 ¢ Discovery

- 3 0 Evidence

® ... (too numerous to list them all)

® And can we find the source for dark
matter??

Integrated Luminosity (fb™)

0.5!

."A

0 500 600 700 800 900 1000
— M(p, and o,) (GeV)
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. Electromagnetic Calorimeter
Cal O rl m ete r Pb-LAr accordion geometry

e 3 longitudinal samples n < 2.5
Endcap/forward: Cu/W-LAr e Preshower detectorn < 1.8
(4/3 longitudinal samples) e 173 Kchannel

» 20 K channel e o(E)E = 10%//E @ 0.7%
e o(E)/E =50%/E D 3% (n < 3.2) Tile barrel Tile extended barrel

o(E)/E = 100%/vE @ 10% (n > 3.1)

Hadron Calorimeter

e Barrel: iron-scintillator tiles
(3 longitudinal samples)

LAr hadronic &
end-cap (HEC) — RSP
A 4L

LAr electiromagnetfic
end-cap (EMEC)

LAr eleciromagnefic

barrel
LAr forward (FCal)

Complete azimuthal symmetry, coverage n < 4.9
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LHC Schedule

Current Schedule: 2012 8 TeV run
2013-2014 shutdown

2015-2017 14 TeV run

2018 shutdown

2019-2021 14 TeV high luminosity run
2022 shutdown

(always subject to change)
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Celebrating first beams

ATLAS control room
during first LHC collisions

Tuesday, October 29, 13



