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Outline

Particle physics-light primer (LHC, CERN)


Writing articles 25, 15 years ago


Digital collaboration tools used by ATLAS 
experiment (3000+ physicists)


Communication


Document handing
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Before LHC 
(2010-)...

Standard Model from  
60’s+70’s works like a  
dream (almost...)


Neutrinos have small mass


Separate theory from gravity


Higgs not confirmed


Many empirical constants


Universe is full of  
dark matter (and energy)  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Unconfirmed!
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Higgs particle, the missing link of the SM

Higgs particle couples to mass


Invented to give mass to fundamental particles, 
applied to the massive weak bosons W and Z (half a 
century ago!)


Through empirical constants can give mass to SM 
fermions (electrons, quarks,...) as well (first results 
confirm this as well!)


Must be at least 1 massive, spinless particle or theory is 
misleading/wrong (we found it at the LHC - 2012!)


Fixes some problems, creates others
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Beyond the Standard Model
Is there a (super)symmetry between matter and force, fermions and 
bosons?


If there is, what hides the SUSY partners from us? What breaks 
the supersymmetry?


Why is gravity SO much weaker than the other (strong, EM, weak) 
forces?


Gravity leaks into extra dimensions? ->  
(unstable and harmless) microscopic  
black holes??


CP, precision measurements,  
no time to make the full list...
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Typisk forfattere (3000)
Typisk universiteter og laboratorier (180)

38 Land (2011)
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ATLAS, CMS 
collaborations
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ATLAS-experiment - world’s largest digital 
camera - partly “Made in Norway”!
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Several 1000 TB/yr (data storage and analysis also in 
Norway)
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Scale of the 
WLCG 
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Storage: 
  Sampling rate of raw data 0.1 – 1 GB/s 
  Total amount of data 10-15 PetaBytes/year 

Computing power:  
  Need for 200.000 of the fastest computers of today
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Particle detection

Detector sees stable particles (e.g. electron, proton, 
photon and those unstable but with long (enough) lifetime 
to escape the detector before decay (e.g. muon, charged 
pi-meson)
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Particle detection

Detector sees stable particles (e.g. electron, proton, 
photon and those unstable but with long (enough) lifetime 
to escape the detector before decay (e.g. muon, charged 
pi-meson)

Highly unstable particles are recognized by their decay 
products and a characteristic mass (mc2)2=(ΣE)2-(Σpc)2           

e.g. Π0àγ γ, Zàe+e-, H->ZZ->e+e-e+e-

We “see” the unstable particles the same way you see 
objects on the other side of the room - something (for 
you, light) transmits their properties across space.

11



16/03/2012 ATLAS	Higgs	Search	-	NTNU	Colloquium	-	A.	Read

Trail to LHC results
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Higgs, SUSY, Z’, Black Holes, ...

Standard Model

Simulation, analysis studies

Cosmics

Early data: e, µ, τ, γ, hadrons, Jets

Rediscover SM: W, Z, t

Warnings: 
•Air thin at the top 
•May have to re-visit 
  lower camps  
  for supplies
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Measurements of Standard Model “candles” 
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H, HW, HZ?!
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LHC challenge: We looked for about 10,000 Higgs 
bosons in a million billion proton-proton-collisions
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http://activitypit.ning.com/forum/topics/the-scavenger-hunt-thread?commentId=1981927%253AComment%253A2169981
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Evidence for the Higgs boson

46

July 2012
March 2013
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Significance (evidence) out of this world!

17

Milky Way. ESO/S. Guisard
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Significance (evidence) out of this world!
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Build LHC+ATLAS+CMS for every star in the universe 
(ca. 1.000.000.000.000.000.000.000.000) - about 
10 will give false evidence of a discovery

Milky Way. ESO/S. Guisard
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https://indico.cern.ch/conferenceDisplay.py?confId=239571
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My mission: “Make sure the 
experimentalists get a share of 

the Nobel Prize”

https://indico.cern.ch/conferenceDisplay.py?confId=239571
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My mission: “Make sure the 
experimentalists get a share of 

the Nobel Prize”

Æresdoktor UiO September, 2014

https://indico.cern.ch/conferenceDisplay.py?confId=239571
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http://www.nobelprize.org/nobel_prizes/physics/laureates/2013/


http://tinyurl.com/qc4be36

What is the Higgs boson 
and why is it important?

http://www.youtube.com/watch?v=3ak0iR3KT1E
http://tinyurl.com/qc4be36
http://tinyurl.com/qc4be36
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Results so far
Small amount of data in 2010


150x more data in 2011 (7 TeV)


Another 4-5x in 2012 (8 TeV)


273 physics papers so far (Jan. 2014)


About 2/week


Discovered one new (predicted) particle


Confirmed many previous SM results


Excluded many speculative models of new physics


Discovery of a Higgs boson candidate - July 2012


Basic properties confirmed in March 2013, we now call it a 
Higgs boson
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New discoveries?
Smaller hint seen by 
CMS, but at same mass


You may have seen 
this in New Scientist 
and Nature recently


200 theory papers 
since December


Experimentalists more 
sceptical…2016 data 
will confirm/refute
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Working together
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The good old days

My thesis (1981-86) experiment MAC had ~30 
authors


F2f, telephone, fax, drawing office


Data stayed at SLAC (Stanford, CA.)


My postdoc experiment DELPHI (1986-2002) 
had ~600 authors


Web (made at CERN) from ~1993, before 
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Selected recent CERN history

Where http://www... was invented. 


Part of motivation was roughly “If the LEP 
experiments discover the Higgs boson, the 
physicists spread across the world need 
some efficient way to organize writing the 
paper.”


Where the Higgs boson was discovered - 
announced 4 July, 2012.


25



16/03/2012 ATLAS	Higgs	Search	-	NTNU	Colloquium	-	A.	Read

How to get 3000+ physicists 
to work together??

Portal to ATLAS experiment


Web: centrally controlled information


Twiki: public results, community documentation


eGroups/hypernews/Mailing lists: announcements, offline discussions


Sharepoint - (n) web-based collaboration (especially documents)


Audio/visual communication: Skype, Jabber, EVO (phased out), Vidyo


Code management: svn, CMT


Publication process: Glance, arXiv (“live”), open access


Document preparation and repository: CDS


Meetings: Indico and Doodle


Calendar: google


Computing: Cloud storage, Grid (another lecture...)
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http://atlas.web.cern.ch/Atlas/Collaboration/
http://atlas.web.cern.ch/Atlas/Collaboration/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome
https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/WebHome
https://e-groups.cern.ch/e-groups/EgroupsSearchForm.do
https://espace.cern.ch/atlas-project-Higgs-combination/SitePages/Home.aspx
http://evo.caltech.edu/evoGate/
http://www.vidyo.com/
https://svnweb.cern.ch/trac/atlasphys/browser/Physics/Higgs/combined/Papers/Summer2012
http://polywww.in2p3.fr/activites/physique/glast/workbook/pages/cmtMRvcmt/cmtIntroduction.htm
https://atglance.web.cern.ch/atglance/analysis/detailAnalysis.php?readonly=true&id=4582
http://arxiv.org/abs/1408.7084
http://arxiv.org/list/hep-ex/pastweek?skip=0&show=25
http://library.web.cern.ch/OpenAccess
https://cdsweb.cern.ch/record/1430990
https://indico.cern.ch/conferenceDisplay.py?confId=156217
http://doodle.com/kpekg2gnn7qynsrk
https://www.google.com/calendar
http://information-technology.web.cern.ch/services/CERNBOX-Service
http://atlas.web.cern.ch/Atlas/Collaboration/
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New things

More interactive collaborative document editing


google docs


dropbox 


pdf annotation


overleaf (LaTeX++)
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Code management (2000+ packages)
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cvs -> svn

http://polywww.in2p3.fr/activites/physique/glast/workbook/pages/cmtMRvcmt/cmtIntroduction.htm
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However, sometimes electronic collaboration is simply 
not enough J
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