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Purpose of this talk:
· Use this opportunity to give you a chance to ask all those 

little questions you might not feel comfortable asking in a 
conference when 95% of the attendees are 
experimentalists (and not >95% theorists as here!)

· Give you an idea on how ATLAS has looked for lepton jets 
from Hidden Valley models so far

· Get ideas from you on specific aspects you would like us to 
test

·In case you donôt know, ATLAS offers short term 
associations for theorists to work on specific issues
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Before I get startedé..

Let me clarify a few points that might 
not always be clear
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Why does it take so much time to 
analyze all the available data?
·Many analyses based on 2010 data only became available 

for the winter or even summer conferences

·Many are only preliminary results
ƁPublications require a stringent and long review process in large 

collaborations

ƁWith more than 3000 physicists on ATLAS or CMS, not easy to get 
everybody happy

· Before completing any analysis, each sub -group working on 
data preparation has to provide their part:

ƁData quality group decides which data can be used

ƁPerformance groups give calibration, energy scale corrections, etc

ƁNeeded from each group: e/gamma, jet and Et miss, muon, b-
tagging, trigger etc)

· Even with 3000 people, we are lacking people everywhere!
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Data quality 
· Data taking period is divided in small time interval of 1 -3 

minutes where the detector and LHC conditions are stable

·These are called ñluminosity blocks ò in ATLAS

· For each lumi block, the detector sub -groups check if their 
detector was fully or partially operational, 

· This information is given to the performance groups. They 
determine which lumi block can be use to search for each 
separate physics object (electrons, muons, jets, missing E T)

·Data quality group then issues ñgood run lists ò which are 
used for each analysis

· This explains why we sometimes publish results on 35 pb -1, 
37 pb -1 or 40 pb -1 depending on which physics objects are 
needed for each analysis
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Other reasons for delays
· The more data we have, the less forgiving it gets

·More data means the error bars go down

·We need more precise and more specialized cross -checks

·We are looking at hundreds of distributions! But even 
missing ET looks good
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Very general (minimum bias)         Very specific (Z -> ee events)



How much better will we do with 
the 2011 data?
· In 2010, CMS and ATLAS both had ~ 40 pb -1 of usable data
ƁMost papers so far and preliminary results for Moriond

ƁATLAS just started showing some 2011 data at PLHC

· In 2011, we expect 2 -3 fb -1 in total (1fb -1 already in)

· Assuming 2 fb -1 by the end of 2011 (conservative)
ƁThatôd be 50 times more data than in 2010

ƁSignal will increase by 50 but so will the background

ƁUncertainty on the background would decrease by a factor of ã50

ƁThe significance, S/ãB, will increase by a factor of ~7

·With 3 fb -1 by the end of 2011 (slightly optimistic)
ƁThatôd be 75 times more data than in 2010, improve limits by ~8.5

· Combining ATLAS and CMS is like having twice as much data
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Impact on Higgs searches
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With 2 -3 fb -1 per experiment, and combining CMS and ATLAS, we 
could exclude a SM Higgs in most of this whole range by end of 2011

ATLAS Higgs paper, June 2011



Easy mistakes to be avoided (1)
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The trivial Higgs boson: first 
evidences from LHC
arXiv:1106.4178

Their previous paper was 
rejected by the referee for 
not being solid enough to 
corroborate the great claims 
about the SM Higgs mass.

ñWe decided to leave to LHC 
the reply to the anonymous 
referee. Indeed, we feel that 
the time is coming to 
undertake a profound 
revision of the peer review 
process.

ñIt is remarkable that the experimental 
data do show an excess of three events 
in this region.ò



Easy mistakes to be avoided(2)

How often should we see a 4.8ů fluctuation in our 
career?

· Exclusion : no signal observed at a 2ů-level (95% CL)

· Observation : signal observed at a 3ů-level (99% CL)

· Discovery : signal observed at a 5ů-level (99.9995% CL)
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What could go wrong?

system # of 
channels

Operation
efficiency

pixels 80 M 96.9%

Silicon tracker 6.3 M 99.1%

Transition radiation tracker 350 k 97.5%

EM calorimeter barrel 170 k 99.5%

EM calorimeter end -cap 3.5 k 99.8%

Hadronic calorimeter 9.8 k 97.9%

Hadronic end -cap 5.6 k 99.6%

Muon system 1071 k 97.0 -99.8%
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Monte Carlo simulations
· Every time the LHC changes its running conditions, we need to 

generate a whole new set of MC events (it takes 1 -2 months)
ƁFor each background and each signal

· Already, we had to go for a new production when:
ƁLHC changed the center -of-mass energy

¶Higgs cross -sections go down by a factor of 4 between E CM = 14 TeV and 10 TeV

ƁBunch spacing: going from 75 ns to 50 ns

¶meant more luminosity but also 

¶more pile -up (# of low energy events occurring at the same time)

·We are constantly improving our reconstruction algorithms
Ɓ2-3 times a year, we do a new reconstruction software release when major 

bugs are found and fixed, or new features have been added

ƁThe entire data set and MC samples are reprocessed after a new release

ƁWe try to keep the same release for several months to avoid driving people 
insane
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Estimating background and 
efficiency using data
·Much more reliable than using Monte Carlo simulations

Tag & probe method:

· Using for example Z -> e+ e- or Z -> ȉ+ȉ-

· Select a very clean sample of di - leptons under the Z peak

· Impose selection criteria to only one lepton ( tag )

· Get the efficiency from the second lepton ( probe ):   

Č completely unbiased

·We often use events from J/ȑ, Ƕor Z for various 
calibrations and cross -checks
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Other tricks we like to play
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Trigger issues
·We are limited by how much data we can take in:

· As the luminosity goes up, we must tighten our selection 
criteria ïincrease the threshold or quality criteria

· Then we are forced to prescale our triggers:
ƁPrescale factor of 100 means retain only 1 out of 100 such events

Lowest unprescaled triggers 
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Minimum p T 2010 now

Single electrons 15 GeV 20 GeV

Di-electrons 5 GeV each 12 GeV each

muons 13 GeV 18 GeV

Di-muons 6 GeV each 10 GeV each

photons 40 GeV 60 GeV

Di-photon 15 GeV each 20 GeV each

Level 1 ~75 KHz Level 2 5 KHz Level 3 400 Hz



Trigger efficiency: should be stable
measured using Z - > ee ( tag&probe )
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Muon trigger rate as a function of 
luminosity
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Trigger prescales are lowered as 
luminosity goes down to keep 400 Hz
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from Claudia Gemme



Various LHC modes
Main steps:

· Setup

· Injection probe beam

· Injection

· Ramping

· Adjust

· Stable beams

· Preparing to dump 

· Beam dump
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Additional steps 
occurring at any time

· Beam loss

· Cryo problems

· Recovering

· Access

· Power glitch

· Injection studies

· Beam studies



How to read LHC page 1
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