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Proton beam energy

Not to scale!
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The beam was initially intentionally stopped by blocks around 150 metres before 
experiments, 

producing these images of the debris or "splash" from the particles hitting the blocks. 
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September 19, 2008: incident in sector 3-4 
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53 Magnets (along a zone of about 700 m) to be removed from tunnel and repaired/
exchanged (a few % of entire LHC)

2 most severely damaged interconnects
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Present Status of Experiments

ATLAS: 216 million cosmic events 

CMS:  300 million cosmic events 

CMS 



  All experiments efficiently using the shutdown to fix 
problems (cooling, component repairs, noise, etc) and/
or completing installation of subdetectors

  Repairs/installations proceeding well, according to 
schedules with sufficient contingency. 
  Main point of attention is TOTEM installation, presently on a 

(too) aggressive schedule: measures are being taken to 
enhance support from CMS

  All (big) experiments ready to close up before summer 
and resume full commissioning with cosmic rays.

  All experiments declared their preparedness to sustain 
a year long run
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  Extensive use of the several hundred millions of 
cosmic ray events to commission, calibrate, align 
detectors, as well as to test the computing models

  Implemented weekly meeting with the Accelerator 
Departments, to assess progress of the repair and to 
avoid or mitigate interferences between the schedules.

  Created a joint task force with the LHC to help in 
the machine repairs.
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  How much data is useful at s1/2 = 900GeV ? 
–  build on LTC 2007-15, with update in light of current situation 

  Integrated luminosity × cross section   vs.  energy 
–  What is the minimum amount of data at given energy that is needed to 

make the 2009 run useful ?   
–  What do we need to do to match the Tevatron, which aims for 9 fb-1 by 

2010 ? 
  Non-GPD    (non General Purpose Detectors) 

–  ALICE and LHCb 
–  TOTEM and LHCf 
–  Ions 

  Scheduling / scenarios 



  What do we need to do to match the Tevatron, which aims for 
9 fb-1 by 2010 ? 

  What is the minimum amount of data at given energy that is 
needed to make the 2009 physics run useful ? (assuming CM 
energy  8 < s1/2 < 10 TeV) 



  What do we need to do to match the Tevatron, which aims for 
9 fb-1 by 2010 ? 

  What is the minimum amount of data at given energy that is 
needed to make the 2009 physics run useful ? (assuming CM 
energy  8 < s1/2 < 10 TeV) 

σW (MW=80 GeV) 

σZ (MZ=91 GeV) 



Try to express these as: 
1.  lumi needed to make a better (exclusion) 

measurement than Tevatron 
2.  lumi needed to make a discovery 

An excellent understanding of these is an 
essential step toward discoveries 

NB: In the following slides, when talking about integrated 
luminosity (“so many  pb-1”), we really mean data taken with 
good beam and detector conditions (i.e. “good data” or g.d.)   

Let’s not forget that 
•    Understanding the detector performance will take time 
•    There will be operation inefficiencies, down time, etc. 
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2010           2011 
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       10 fb-1 

    8 fb-1 

6 fb-1 

per Expt 



Ecm dependence from  
ATLAS G4 simulation of  
eνµν channel 
assuming gg→H dominant 
Int. lumi scale uncertainty is ~50% 

Tevatron expect 1.9σ sensitivity at  
m=160 with 8fb-1(one expt) 

  Massive loss of sensitivity below 6 TeV 

  Energy   s1/2  14   →   10   →  6    TeV 
  Lumi needed  0.1  →   0.2  →  0.6   fb-1 

Combined H→WW + H→ZZ: lumi for 95% CL Compare sensitivity to Tevatron with 8 fb-1 
( only H→WW→ lνlν ) 

To match Tevatron with s1/2 = 8-10 TeV, we need ~300-200 pb-1 g.d. 



ATLAS estimate 

5σ discovery for mH ∼160 GeV is possible with 
s1/2 = 8-10 TeV and ~1fb-1 g.d. 



ATLAS fast simulation 

Needed luminosity for 95%CL exclusion 
at mZ’ = 1 TeV : 
   s1/2  :    14  →  10  →      6 TeV 
   Lumi:   13  →   30  →   110 pb-1  

95% CL limit with ~30 pb-1 g.d.for mZ' ∼1TeV, with s1/2 = 10 TeV 

         5σ discovery possible with ~100 pb-1g.d. 

5σ discovery 



  ℓ+jets+missing-ET channel 
–  Not most sensitive, but will be 

usable before inclusive jets
+missing-ET analysis 

  Tevatron limit currently is 380 
GeV in this model (m~= m~) 

–  plot shows 3 masses above this 
  We will be sensitive to a region 

overlapping with ultimate 
Tevatron reach  

  Below Ecm≈8 TeV, the sensitivity 
collapses ATLAS fast simulation 

5σ discovery beyond current Tevatron limits is possible with 
s1/2 = 8-10 TeV and ~30-15 pb-1 g.d. 

 q         g 



~50 pb-1@14 TeV would match full 
Tevatron sample  

•  lose ~factor 2 in cross-section 
dropping to 10 TeV 

•  lose ~another factor 2 
dropping to 8 TeV 

Below 8 TeV samples will be rather 
small, with a few tens of pb-1 

ℓ+jets 

Tevatron ℓ+jets w. 8 fb-1 

ℓℓbb Tevatron ℓℓbb w. 8 fb-1 

ATLAS estimate 

  Background to new physics searches – must measure cross-section & 
properties in data 

  Expected Tevatron statistics provide a benchmark: 
–  Cross-section statistical precision will then be comparable to other uncertainties 
–  High-precision top physics will be underway 

Catch up with Tevatron with s1/2 = 8-10 TeV and ~200-100 pb-1 g.d. 



 LHCb 
 ALICE 
 TOTEM 
 LHCf 



  B cross section does not vary as drastically as for high mass 
objects. Thus, the request to go to highest possible energy is milder 

  Need 0.3-0.5 fb-1 at s1/2 ≥ 8 TeV to surpass Tevatron in Bs physics  
  Need at least 5 pb-1 at s1/2 ≥ 4 TeV to collect good sample of J/psi 

NB: 
•  If E ≤ 2 TeV, LHCb will not take the risk to close the 

VELO (if with full Bspectr and uncorrected crossing 
angle). Hence, disfavour a hypothetical "Tevatron 
energy run" 

•  LHCb assumes that TCTVs will all be present, so that 
there is no limitation in IP8 to β* ⇒ exploit smallest 
possible β* in 2009 and 2010  (what is β*min with full 
Bspectr and 50ns ??) 

•  LHCb wishes to take some TED calibration runs about 
1 month before beam arrives into LHC  (LHCb 
detector is set up horizontally and lacks cosmics, 
especially in VELO detector) 



  as function of integrated luminosity 
(and comparison with Tevatron) 

LHCb 90% C.L. exclusion limits at 8 TeV 
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Collect ~3 fb-1 for 3σ 
observation of SM value  

At s1/2 = 8 TeV , need 
~0.3-0.5 fb-1 g.d. to 
improve on expected 
Tevatron limit 



   one of the first and most anticipated answers from LHC 
–   2nd RHIC paper: Aug 24, 22k MB events, flow surprise ( v2) 

   Hydrodynamics: modest rise (Depending on EoS, viscosity, speed of sound) 
   experimental trend & scaling predicts large increase of flow 

BNL Press release, April 18, 2005: 

Data = ideal Hydro 
"Perfect" Liquid 
New state of matter more remarkable than predicted – 
 raising many new questions 

LHC ? 



  T1, T2, all RP220 and some RP147 will be ready 
  TOTEM will operate under all running conditions 
  Programme at s1/2 = 900 GeV: 
•  Poor acceptance for elastic scattering 
•  RP alignment using beam halo and diffractive protons 
•  Study of surviving protons with momentum losses            

ξ = Δp/p > 0.1 
•  Study of event topologies with T1, T2 (pseudorapidity 

distributions, multiplicities) 
  relative cross-sections for different event topologies 

  Programme at s1/2 = 10 TeV: 
•  Early optics (β* = 3 m): large |t| elastic scattering, central 

diffraction 
•  As soon as technically feasible: request β* = 90 m optics 

(or a gradual unsqueezing from β* = 3 m to higher 
values) 
 first measurement of σtot with Optical Theorem using 
T1, T2, RP  (~ 5 %) 

β* = 90 m 

β* = 3 m  

β* = 1540 m 

Move RPs to 15σ 



  Aim: study of energy distribution of particles emitted in very forward region for 
understanding of cosmic ray phenomena 

  Interested in all c.m. energies, including 900 GeV 
–  but of course the goal is to measure at 14 TeV 

  Integrated lumi: few nb-1 at 14 TeV , or order 10 nb-1 if somewhat lower than 14 TeV 

  Lumi limitation: degradation of non rad-hard components after few pb-1 in data taking 
position 

–  move out by 10 cm when L>1030 cm-2 s-1  
–  dismount & remove detector when L>103? cm-2 s-1  

  Preferred operating conditions: 
–  2x2 and 43x43, L= 1029 cm-2 s-1 , crossing angle 0 and 140 urad (enhanced acceptance) 
–  156x156 introduce pile-up (2us electronics)  

  Potentially interested in HI run data taking (interferences to be checked) 



What about computing?
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Excerpts from a recent review on WLCG

Tier-0/1/2s generally working well: 
 Substantial improvement in reliability, availability, 

monitoring, usage during 2008 (CCRC08) 
 Some delays in procurements for 2009 (and 2008) 
 Pledged resources still needed in 2009-10 
 Need to stress-test system with ATLAS & CMS 

reconstructing data simultaneously
 Need to validate the model for “chaotic analysis”
 Continue to improve communications between Tier-0, 

Tier-1s, Tier-2s and users
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In Summary

A few busy months are in front of us before the 
(re)start of LHC.

And then, finally,

Letʼs the fun begin
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