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The Large Hadron Collider is a dual synchrotron particle
accelerator

• It is designed to achieve 14 TeV proton-proton collisions at a
rate of one billion per second

• (US equivalent) Cost: $ 10 billion

• Location: the CERN laboratory outside Geneva, Switzerland
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The Power and the Glory of the LHC

• Discovery Machine

• Probing deep into the terascale

• Good reasons to expect new physics

In the first year of operation achieved

• factor of 10 above the state-of-the-art

• 28 MJ, (24 MJ w/ collisions)

gg luminosity @ LHC 
qq luminosity @ LHC 
gg luminosity @ Tevatron 
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Bunch 

trains!

Nominal bunch 

commissioning!

Initial 
luminosity 

run!

Nominal 
bunch 

operation"
(up to 48)!

Performance 
ramp-up"
(368 bunches)!
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• ∼ 156 pb−1 delivered by the LHC since the March 13 2011
startup. Over 20 pb−1/day!

• Over 100 pb−1 of data delivered in a week.

2011: more more more

• 75/50 ns bunch spacing

• 930/1400 bunches

• good for > 1033 cm−2s−1 and more than 1 fb−1
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2010 harvest: ∼ 40 pb−1

• about 4 trillion collisions total

• 4 million W bosons

• 1 million Z bosons

• 8,000 top quark pairs

• maybe 500 Higgs bosons

• maybe 200 dark matter particles

• results on processes with rates that span 11 orders of magnidute

10

Monday, May 2, 2011



11

Monday, May 2, 2011



12

Monday, May 2, 2011



13

Monday, May 2, 2011



13

Fab
iola G

ian
otti 

Monday, May 2, 2011



14

Monday, May 2, 2011



15

• https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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HYSICAL
EVIEW
ETTERS
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R
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American Physical Society

Member Subscription Copy
Library or Other Institutional Use Prohibited Until 2015 Articles published week ending   17 DECEMBER 2010 

Volume 105, Number 25
Published by the

Based on these data: 
!! 31 papers submitted for publication (21 published or accepted, 10 under journal’s review)  
     and 5 more in the final Collaboration review stage 
!! Huge number of physics results presented at 2010-2011 Winter Conferences  
    " documented in  ~150 CONF-notes 
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!! quantum gravity 

HST image of an 800 light-year wide spiral shaped 

disk of dust fueling a 1.2x10^9 solar mass black hole 

in the center of NGC 4261 
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!! dark matter and dark energy 
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62 

!! quantum gravity 

!! dark matter and dark energy 

!! Higgs  

Arrange it so delicately that it will fall down  in 19 minutes. 

20

Monday, May 2, 2011



21

95% CL excluded mass
range LEP+Tevatron

158 173 300
600

114 Rolf Heuer
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Rolf Heuer

Higgs Boson: if it exists with mass between 
114-600 GeV it will be either discovered or 

ruled out in the next ~ two years 

Operate LHC in 2011 and 2012
2011 :  E = 7 TeV  ; expect 1 fb-1 (baseline) hope for more
2012 : Lint increase by a factor of two 
2013/14 shutdown (15 mo) to prepare ~14 TeV operation
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A beautiful, clean, rare 4-muon event
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Super dimensions! 

Idea:  extra dimensions of zero size, with the 

funny property that bosons can vibrate in the new 

directions and become fermions, and vice-versa. 

There can be a symmetry between ordinary and 

super-dimensions (just as there already is among 

ordinary dimensions): Supersymmetry! 
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Supersymmetry predicts “squarks” = heavy partners of quarks, and 
“neutralinos”, the lightest of which could be dark matter
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• There are an infinite number of different models with different
superpartner masses and decay patterns

• Design inclusive searches to look for most of them, plus a few
exclusive searches to cover special cases25
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• ATLAS SUSY searches results
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Advantages in an LHC search for dark matter:

• Produce dark matter in the laboratory and study it under con-
trolled conditions.

• Study the new unstable “relatives” of dark matter particles,
giving a much broader and deeper picture of the “dark sector”.
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Limitations:

• Inference of dark matter properties from other particles
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!! 2011 Run got  extended    
    into 2012 (to get ~10/fb) 

!! 2013 : Splice consolidation 

!! 2014  – 2015: to 13+ TeV 

!! 2016+: Gear up for L = 1034 

      Phase 2 Collimators; SPS Upg.; 
    Improved Injection System; 
    New Pixel Detectors 

!! 2017-2019: Reach Design Lumi. 
     New Linac + Booster Upgrade 

     Prepare for crab Cavities;  
     Cryo. System Upgrades 

     [330/fb by end 2019] 

!! 2020-21: Transition to HL-LHC     
    Lower ! Large Insertions;  
    Crab Cavities; 
    SPS Enhancements; 

    Major Detector Upgrades: 
    Pixels, Tracker, Fwd Calorimetry 
    [3000/fb by 2030] 

!! ~2035: HE LHC (~33 TeV) 
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Expect the unexpected
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  D. Gross 33
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µµ 

e! 

M(W’) > 1.490 (1.450) TeV 

Tevatron Limit: M(W’) > 1.10 TeV 

M(Z’) > 1.048 (1.084) TeV 

Tevatron Limit: M(Z’) > 1.071 TeV 

Monday, May 2, 2011



38

Monday, May 2, 2011



…for any important assertion evidence must be produced;!

…prophecies and bugaboos must be subjected to scrutiny;!

… guesswork must be replaced by exact count;!

….accuracy is a virtue and inquiry is a moral imperative!

To the hegemony of science we owe a feeling for 

which there is no name, but which is akin to the faith 

of the innocent that the truth will out and vindication 

will follow. In its purest form science is justice as well 

as reason.!

!
!

Jacques Barzun!

SCIENCE: The Glorious Entertainment!
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ATLAS-CONF-2011-025 
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CMS data rate
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CMS data rate

• The raw data rate is 100 million channels divided by 25 
nanoseconds = 1 Petabyte/second
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CMS data rate

• The raw data rate is 100 million channels divided by 25 
nanoseconds = 1 Petabyte/second

• Compare this to total global WWW traffic = 5 Terabytes/sec
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CMS data rate

• The raw data rate is 100 million channels divided by 25 
nanoseconds = 1 Petabyte/second

• Compare this to total global WWW traffic = 5 Terabytes/sec

• Compare this data load to Google, which processes              20 
Petabytes per day
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CMS data rate

• The raw data rate is 100 million channels divided by 25 
nanoseconds = 1 Petabyte/second

• Compare this to total global WWW traffic = 5 Terabytes/sec

• Compare this data load to Google, which processes              20 
Petabytes per day

• Houston, we have a problem
42
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The CMS Trigger System 

•! 40 MHz input rate 

–! 22 MinBias/Bx at 1034 

•! 100 KHz FLT rate 

•! 128 Bx = 3.2 µsec latency 

–! Currently at 144 Bx. 

•! 100 Hz written at the output 

•! Event Size 1-2 Mbytes 

•! The requirements on the Level-1 
Trigger are demanding. 

•! Level-1 Trigger: Custom made 
hardware processor. 

•! High Level Trigger:  PC Farm 
using reconstruction software and 
event filters similar to the offline 
analysis. 

CMS Trigger System

• The Level One trigger uses fast FPGA 
firmware and selects, on average, 
one event in 500 for further 
processing

• Of these, the HLT software triggers 
in a 1000 node farm select, on 
average, one event per 200

• ~300 events per second are saved, 
the rest are gone forever
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