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Overview 

•  A brief descrip.on of the CERN Large Hadron Collider 
and ATLAS detector 

•  Try to convey some of the excitement of the turn‐on 
and early results from the 2009 run 

•  Men.on the physics ATLAS was built for, and the 
physics it was not built for, but we’re trying to do 
anyway! 

•  Mo.vate searches of heavy stable charged par.cles 
•  Analysis challenges throughout the detector 
•  Outlook for 2010 and beyond 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The Large Hadron Collider (LHC) 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The Large Hadron Collider (LHC) 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ATLAS 

CMS 

LHCb 

ALICE 
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Protons are accelerated by powerful 
electric fields

And are guided around their circular 
orbits by powerful superconducting 
dipole magnets 

The LHC Accelerator 

To reach the required energy in the 
existing tunnel, the s.c. dipoles 
operate at 8.4 T (200ʼ000 x Earthʼs 
magnetic field) & 1.9 K (-271°C) in 
superfluid helium.

Protons travel in a tube with better 
vacuum and colder than inter-
planetary  space. 

LHC Machine is a marvel of 
technology 
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Fun Facts about the LHC 
Uses ~700 GWh of electricity / year, ~10% of Geneva 

7 TeV proton moves at 0.999999991 c 
... energy of a mosquito flying ~few km/h 

Beam has rest mass of ~1 ng, energy at 7 TeV is ~400 MJ 
... 400 ton TGV train at 150 km/h, 80 kg of TNT 

Energy stored in (dipole) magnets: 11,000 MJ 

Superconducting filament length >10 times distance to Sun 

Vacuum in beampipe is 10-10 Torr (~3 million molecules/cm3) 
Atmosphere at ~1000 km altitude 



(ATLAS) A Toroidal LHC ApparatuS 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Ioniza'on 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Worldwide Scien.fic 
Collabora.on ! 

     ATLAS

37  Countries


   169  Institutions

 2500  Scientific Authors 



FIRST HOURS OF THE LHC 
November 2009 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The LHC came online in record time 



The first hours of ATLAS: READY! 
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Setup for first LHC 
beams 

–  Pixel off for safety 
–  SCT in “STANDBY” 

state  
•  Reduced voltage, 

50% eff. 
–  All other systems ON 
–  No solenoid field, 

toroids ON 
CSC running in separate 
DAQ partition for rate tests 
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a few days of (single) beam commissioning for the machine, .ming tests for ATLAS 

Beam “splash” events 
–  The LHC closed the collimators 

closest to ATLAS 
–  Several “shots” were provided 

onto the collimators, resulting 
in a huge spray of particles 

–  Uniformly illuminated the 
ATLAS detector, allowing for 
much needed timing studies 

–  Sensitive detectors like the 
silicon and some muon 
chambers were (of course) off  
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TRT Barrel: plot made with collision timing 
 sensitive to ToF effect on Inner Boards ! 

Beam-1 arriving from A-side: timing as 
collisions for C-side, but wrong for A-side 

C‐side  A‐side 

15
 n
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ATLAS preliminary 

ATLAS preliminary 

a few days of (single) beam commissioning for the machine, .ming tests for ATLAS 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We were very excited… 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COLLISIONS 
November‐December 2009 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LHC operations decided to go for collisions early 
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The first “collision” event display 

? 
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Hints of collisions: time of flight 

Using the timing from different 
detectors, we were able to 
convince ourselves that we 
were seeing collisions…can 
we prove it though?  

LAr calorimeter: 
Δt(A – C)  

Mean:   1.1 ± 0.1 ns 
Sigma:  1.5 ± 0.1 ns two beams 

Δz ~ 7m 


ns 


Δz ~ 9m  


ATLAS preliminary 

ATLAS 
preliminary 

A beam‐related background event   
coming from beam‐1 (A‐side)   

.ming is “wrong” for A‐side   

beam 

C‐side  A‐side 

ATLAS preliminary 

TRT tracking chamber 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RF cogging: proof of first collisions 

•  In the middle of one of the first runs, the RF group at the LHC decided to shift 
the beam, after discussions with the level-1 trigger crew on ATLAS 

•  A shift of 900ps was applied  expect a shift of 134 mm 

Before RF cogging  A:er RF cogging 
Applied shi: of 900 ps 
providing vertex shi: of +13.5 cm  

Beam pickup scope shots, beam 1 & 2  Bunches stable within 20 ps (RMS) ! 

Beam 1  Beam 2  25 ns LHC clock 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RF cogging: proof of first collisions 

Before RF cogging  A:er RF cogging 
Applied shi: of 900 ps 
providing vertex shi: of +13.5 cm  

Beam pickup scope shots, beam 1 & 2  Bunches stable within 20 ps (RMS) ! 

~130 mm 

Observe a shi+ 
of ~130mm in the 
track Z0 
distribu:on! 

Collisions! 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Stable beams 

First results  26 3/4/10 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With collisions, comes the start of physics 

The inner detector observes tracks with the first stable beams 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With collisions, comes the start of physics 

The muon system observes di‐muon candidate events 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With collisions, comes the start of physics 

The calorimeter observes di‐jet candidate events 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With collisions, comes the start of physics 

…maybe we even start to see pile‐up 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With collisions, comes the start of physics 
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…perhaps even an event consistent with heavy flavour produc.on  

SV0 tagger using 
signed decay length 
significance. 
Only tracks in jets 
considered. 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The first ATLAS physics result/paper 

Measured pT spectrum of 
charged par.cle mul.plici.es 

Track density as a func.on of η 



Searching for Stable Massive Par.cles 

•  With an understood and 
commissioned detector 
we can start to search for 
exo.c new phenomena 

•  Stable massive par.cles 
can be searched for in 
each subdetector of 
ATLAS 

•  I’ll give a flavour of this by 
highligh.ng examples 
from the tracker, the 
calorimeter and the muon 
system 

•  But I’ll focus mostly on 
the calorimeters  

Paul D. Jackson ‐ March 2, 2010  34 

45 m 

24 m 

7000 T 



Mo.va.on for SMP searches 

•  Host of SUSY scenarios 
(RPC & RPV) 

•  Universal Extra 
dimensions 

•  Leptoquarks 
•  Heavy leptons 
•  R‐hadrons from stable 

gluino or squark 
•  Generic dE/dx 
•  “slow” muon like 

objects ~ns delays 

Paul D. Jackson 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March 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2010  35 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Split SUSY 
•  Abandon the hierarchy problem! 
•  SUSY breaking occurs at high scale Ms>> 1TeV 
•  Scalars have masses at this scale –Higgs light. Fermions are light 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Arkani‐Hamed et. al. 
hep‐ph/0409232 



Gluino in Split SUSY 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Heavy squark leads to a light gluino  (meta)stable gluino 



SMPs and their interac.ons 

•  Heavy parton unlikely to interact 
(cross sec.on suppressed by 1/m2) 

•  LQS interac.ng with detector material 
can cause exchange of 

38 

How do they interact? 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R‐hadrons 

39 Paul D. Jackson ‐ March 2, 2010 

Leading order produc.on mechanisms for gluino and stop squarks 



Some event topologies 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Transi.on Radia.on 
Tracker: ToF and dE/dx  

SMP 

Calorimeters: ToF,  
dE/dx and stopped 
par.cles  

Muon spectrometer: 
Time of Flight (ToF) 

Stopped 
SMP 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Transi.on Radia.on Tracker 

tube: 4 mm 

wire: 0.03 mm 

readout at both ends 
(in barrel) 

420,000 channels 

Situated close to IP 
Degraded β 
resolu.on 

Sensi.ve primarily 
to low β par.cles  
(β<=0.5) 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Measuring β with the ATLAS 
Calorimeters 

•  Sample every 25ns 

•  Upon L1 trigger, 7 samples 
are read out 

•  Op.mal Filter algorithm (or 
offline fit)  E,t 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Calorimeter readout 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Measuring β with the ATLAS Calorimeters 
How can cell .ming be used to measure β? 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Measuring the mass through β and p  
Resolu.on of mass measurement  

By combining the β measurement with a momentum measurement, either from a track in the 
inner detector or muon spectrometer, the mass of the par.cle can be calculated 

From leu to right: stable gluino of 300GeV and 600GeV mass in Split‐SUSY scenario, and stable 
slepton of mass 100GeV in Gauge‐Mediated SUSY Breaking scenario  



Low Luminosity Search 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What can be done with 50pb‐1?  

Study performed 
for 10TeV CM 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The Toroidal System of Magnets of ATLAS 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Low Luminosity Search 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What can be done with 50pb‐1?  

Study performed 
for 10TeV CM 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•  The LHC will begin back online and begin commissioning to 7 
TeV CoM 
–  A few shius at 900 GeV 
–  Move to 7 TeV ASAP 
–  Turn on a crossing angle within a few weeks 
–  Start increasing # bunches: 243156 within ~weeks/months 
–  Move to 50ns bunch spacing within a few months 
–  Expect 100pb‐1 per month by end of 2010  

•  Several suggestions for bunch structure, etc 
–  Chamonix Workshop Agenda:  

•  http://indico.cern.ch/conferenceOtherViews.py?
view=standard&confId=67839 

•  After 2011 a major shutdown will start to prepare the machine to 
move to 14 TeV 

Outlook for 2010 
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Outlook for 2010 

•  ATLAS is taking data right now! 
•  With the first year of data‐taking we are 
sensi.ve to measurements of SMPs, which are 
predicted in a variety of new physics scenarios 

•  Can cross‐check signals among various sub‐
detectors and with mul.ple analysis methods 

•  We are in for an exci.ng few years!!! 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BONUS MATERIAL 



Paul D. Jackson ‐ March 2, 2010  56 



Paul D. Jackson ‐ March 2, 2010  57 



R‐hadrons 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Summary of SMP search status in 
ATLAS 

•  Stable Massive Par.cles can signal new physics, 
searches for them are important with early data at LHC 

•  Simula.on studies indicate .me‐of‐flight can be 
measured with the ATLAS hadronic calorimeter (~5% 
resolu.on, 95% efficiency) 

•  Using the ToF method, as liyle as 20pb‐1 may be 
required for SMP discovery, good prospects for early 
limit sezng 

•  Careful .ming calibra.on is crucial for calorimeter ToF 
measurements efforts already underway on 
precision .ming of the calorimeters 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