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LHC and its Detectors @ TIPP 2011

A timely occasion to:

 Evaluate the experiments performances 

as  detector systems

 Assess the correctness of the design 

hypotheses

 Learn from the shortfalls

 Plan for the upgrades and necessary R&D



LHC shortly before TIPP09LHC shortly before TIPP09
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 Excellent single beam lifetime

 Ramp & squeeze essentially without loss
 No quenches with beam above 450 GeV

 Excellent performance of Machine Protection

 Optics close to model (and correctable)

 Excellent reproducibility

 Aperture (at least) as expected

 Better than nominal from injectors
 Emittances, bunch intensity

 Beam-beam: can collide nominal bunch currents
 With smaller that nominal emittances

Good news from LHC commissioning 2010:Good news from LHC commissioning 2010:

And surprisingly good availability… 



Peak luminosity performance

2010 Goal

2010 goal:

1032 cm-2s-1

Main parameters: 368 bunches of 1.2 x 1011 protons. 

Colliding beam sizes = 40 microns.

2 x goal!



Ion luminosity performance

1 month

Gained a 

factor 100 of

peak luminosity

in 6 days!

M. Ferro-Luzzi



 Beam commissioning: 3 weeks ✓
 Exit - stable beams with low number of bunches 

 Ramp-up to ~200 bunches (75 ns): 2 weeks ✓
 Multi-bunch injection commissioning continued

 Stable beams 

 Intermediate energy run: 4 days ✓

 Technical Stop: 4+1 days✓

 Scrubbing run: 10 days ✓

 Decided to run at 50 ns spacing ✓

 Resumed  operation for physics and increase number of  ✓
bunches:

 300 – 400 – 600 – 800 – 900 – 1100 …1400

LHC in 2011 LHC in 2011 –– so farso far



Peak luminosity 2011

1.26 x 1033

2010



…and integrated luminosity 2011

17 x Lint(2010)



And the experiments?And the experiments?

Experiment have shown an astounding readiness in 

making use of the collected luminosity, due to:

 one year of cosmic rays (alignments, calibrations, 

people and systems training) 

 excellent performances of the WLCG

 ~ 3000 greedy PhD students!

A very important discovery in 2010: experiments have an 

higher physics reach (for a given luminosity) than 

predicted by simulations!



The ATLAS Detector (in 1 Slide)

4 Superconducting magnets: Central Solenoid (B= 2T)
3 Air core Toroids

Inner detector Calorimetry Muon Spectrometer



Detector Operations

• Fraction of operational channels close to 100 % for 
all systems

50% 60% 70% 80% 90% 100%
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Data taking efficiency

Max inst lumi. : 1.26x1033 cm-2 s-1

Delivered luminosity: 709 pb-1

ATLAS ready recorded: 676 pb-1

Preliminary  uncertainty on 2011 
luminosity 4.5%

Fraction of good quality data per detector

Fraction of recorded data used for Top analysis : 83% 

Data taking efficiency: 
>95%



Trigger operations

• Trigger organized in 3 levels
• LVL1 (50 KHz): Hardware 

• LVL2 (4 KHz): Software on 
reduced granularity (regions of 
interest) 

• EF (≈300 Hz): Based on Offline 
Reconstruction Full Granularity

• Rates of physics objects very 
well understood and under 
control. 

• Recorded physics rate ≈300 Hz



Performance

• Calibrating the detector performance with 
Nobel Prize winning particles



Electrons and Muons
Electrons: Excellent resolution (1.9% @ Z) and linearity down to very low Pt  

Muons: high and well understood reconstruction efficiency, 

Excellent resolution: (@Z: 2 % in Barrel, 3% in EndCap) and scale <1%

J/y->e+e- Z->e+e-

Z->m+m-

Muon Rec. efficiency

s= 1.73 GeV

s=2.06 GeV

Dt/MC

Z tag and probe



Jets, ET
Miss and B tagging

Jet Energy Scale: systematic uncertainty  <3% 
in a large pt range (2010 data no pile-up)

B tagging (SV0)

Missing Et Resolution : tested up to very 
high S ET using Heavy Ions data

3%

Efficiency 40-60% 
Mis-tag rate : 0.2-1%



s (E T )  0.48 E T



Pile Up

• Average Pile Up in 2011 : 6.0 Coll/BC

• Max Pile Up : 10-12 Collisions/BC

• Issue for:
• Missing energy

• Lepton Isolation (mainly calorimetric)

• Jet Energy Scale and resolution

• Vertexing

• CPU time  and event size 

Max Pile up vs time 

Average # of interactions per crossing

• Event 
with 11 
vertices 
and 1 Z 



Selected Heavy Ions results

• First direct observation of 
Jet Quenching

• First publication on J/Psi 
suppression and Z production 
in HI at LHC.

– Both papers sent to journals 
before Xmas 2010.

• New: 

– Measurement of relative yield 
(wrt most central bin) of W 
production in HI vs centrality

– + many other new measurements

(jet quenching, particle flow etc.)

Atlas Preliminary

Atlas Preliminary



Standard Model highlights

• Measuring the SM processes at 7 TeV
extends our knowledge of fundamental 
physics
– QCD JET cross section

– W, Z cross section

– Di-bosons cross section 

– Top and single Top cross section

• The above processes are backgrounds for 
New Physics and Higgs searches

– Understanding these processes is essential 
for the quest of New Physics

• Benchmark processes for the understanding 
of the detector



QCD: Jet results

• ppp

•Double Differential Jet cross section vs Pt

•7 rapidity bins, up to |y|=4.4 units

•Pt range from 20 GeV to 1.5 TeV

•~9 orders of magnitude in cross section

•Total uncertainty, from 50% to 10%, dominated 
by JES

•Jet Multiplicity in 
W+Jets events very 
well predicted by 
AlpGen and Sherpa



W/Z measurements

• Kinematical distributions are well 
understood: good agreement Data/MC 

Inclusive W-Z cross section and W+/Z cross section ratio

•NNLO predictions 
consistent with 
data

•Remarkable 
success of pQCD
and PDFs

• QCD background always estimated with 
data driven techniques  



Di-bosons cross section

• Measurement of WW, WZ and Wg, Zg production cross 
section with 2010-11 data

• The goal is to test the non-Abelian nature of the Electro-
Weak interaction: Triple Gauge Coupling  

• Important background for Higgs and New Physics searches

– Goal

Trans. Mass (l+l-, Etmiss) for WW cand. Pt distribution of WZ (lll,Et
miss) Candidates 



s
WW

 40
-16

20
(stat )  7(syst ) pb



s
WZ

 18
-6

7
(stat )  3(syst )  1( lumi ) pb

8 events

12 events



Top Cross Section
• Top production cross section obtained combining 

5 different analyses:
– e+jets, with b-taging

– μ+ jets, with b-tagging

– ee+jets (w/o b-tagging)

– μμ+jets (w/o b-tagging)

– eμ+jets (w/o b-tagging)

σ(tt) = 180 ± 9± 15 ± 6 
pb

[ 10% total uncertainty] ]
• Top Quark Mass measured 

in the Lepton + Jets channel.

Mt = 169 ± 4.0± 4.9 GeV



Single Top Cross section
• Single Top production is 

a direct probe of the 
W-t-b coupling and is 
sensitive to New Physics

• Events selection: 
exactly 1 lepton, 2 jets 
(1 B-tagged) and 
Et

miss>25 GeV

• Main backgrounds: 
MultiJet, W+ Jets, tt

• Two analyses: 
– Cut and Count (C-C)

– Neural Network



s
t
SM  66 .2 pb



s
t
 76

-21

41
pb

SM cross section for t-channel

Neural Network result

Nb of candidate events in NN analysis

Significance
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SM Cross-Section Summary

Main SM cross sections measured by ATLAS



H->gg
• Cleanest channels for very 

low Mass Higgs, 

• Needs:
– Good di-photon mass resolution

– Determination of primary vertex

– Good  Photon Id.

– g/Jet, g/p0 discrimination 

• Need to understand 
backgrounds with high 
precision  with Data Driven 
techniques
– QCD gg production

– g-Jet and Jet-Jet production

• No significant excess seen

• New Limit≈(4.2-15.8)×SM

CLs

PCL



The CMS Detector
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12500 tons

ECAL HCAL

TRACKER

Muon System 
Endcap
(CSC+RPC)

IRON YOKE

3.8T Solenoid

General purpose, hermetic experiment. Compact fully solenoidal design. 

All central tracking and calorimetry inside a superconducting solenoid (B=3.8T)-> Large BL2

Muon System 
Barrel (DT+RPC)



G. Tonelli, CERN/INFN/UNIPI                                             

LHC and CMS operations

~711pb-1 delivered by LHC and ~648pb-1 collected by CMS. CMS data taking 

efficiency >91%. We can now record more than 45pb-1/day.

The goal of collecting 1fb-1 of data before the end of June is within reach. 



G. Tonelli, CERN/INFN/UNIPI                                             

The challenge for Computing
• Run in 2011: dataset+30% 

– In 2010 we collected ~1.5B events.    

Expect more than 2B in 2011.

• Events in 2011 are much more 

complicated

– At 10 interactions per crossing we 

have factors of 2-3 increase in RECO 

time.   Factor of 2 in RECO size and 

AOD size

• Resources

– Resource utilization for analysis was 

high in 2010 and increasing

– Significant increases in Tier-1 and 

Tier-2 resources are available for 

2011, but even with these we will have 

to prioritize activities

50% increase on Tier-2 resources for 

2011

Larger increase in size and processing 

time from pile-up

2010 T2 Usage by VO



G. Tonelli, CERN/INFN/UNIPI                                             

The challenge for Physics
• Check carefully the effect on the pile-up on 

basic physics tool and selection criteria. 

• An example: search for Black Holes.



G. Tonelli, CERN/INFN/UNIPI                                             

The Standard Model at 7TeV



G. Tonelli, CERN/INFN/UNIPI                                             

Pb-Pb collisions in CMS



G. Tonelli, CERN/INFN/UNIPI                                             

Jet quenching: direct observation and detailed understanding

The phenomenon of jet quenching in Heavy-Ion collisions is now 

described in 

detail and fully understood. 

The di-jet momentum balance is fully recovered if we consider the 

low pT tracks distributed over a wider angular range wrt the jet axis.



G. Tonelli, CERN/INFN/UNIPI                                             

Observation of Z and W produced in HI collisions

For the first time Electroweak probes 

accessible in HI collisions.



G. Tonelli, CERN/INFN/UNIPI                                             

7TeV pp collisions: new EWK measurements

W Z

Ratio W/ZRatio W+/W-

36pb-1 and 4% uncertainty on the luminosity



G. Tonelli, CERN/INFN/UNIPI                                             

JEC; Di-jet Cross Section vs Mass.
Uncertainty on the energy scale 

depending on pT and η: 3-5%



G. Tonelli, CERN/INFN/UNIPI                                             

New measurements of the top cross section (leptons+jets with and without btag)

s =158±10±16±6(lumi)pb 

Top cross section combined result

36pb-1



G. Tonelli, CERN/INFN/UNIPI                                             

Single top @LHC: the challenge of tiny cross section over tough 

background.

• Example of finding tiny signals 

with lepton, MET, b-tag and 

jets

• Two different analyses (cut 

based and BDT): three different 

channels. 

• Very challenging analysis.

 s =83.0±29.8±3.3(lumi)pb 

4

The establishment of the presence of the elect roweak

product ion of single top quarks in pp̄ collisions is an im-

portant goal of the Tevatron program. The reasons for

studying single top quarks are compelling: the produc-

t ion cross sect ion is direct ly proport ional to the square

of the CKM matrix [1] element |Vt b|, and thus a mea-

surement of the rate const rains fourth-generat ion mod-

els, models with flavor-changing neutral currents, and

other new phenomena [2]. Furthermore, because single

top quark product ion is a well-understood process in the

standard model (SM), it provides a solid anchor to test

the analysis techniques that are also used to search for

Higgs boson product ion and other more speculat ive phe-

nomena.

In the SM, top quarks are expected to be produced

singly through t-channel or s-channel exchange of a vir-

tual W boson as shown in Fig. 1. This elect roweak

product ion of single top quarks is a difficult process to

measure because the expected product ion cross sect ion

(σst ∼ 2.9 pb [3, 4]) is much smaller than those of com-

pet ing background processes. Also, the presence of only

one top quark in the event provides fewer features to use

in separat ing the signal from background, compared with

measurements of top pair product ion (t t̄ ), which was first

observed in 1995 [5]. To overcome these challenges, a va-

riety of mult ivariate techniques for separat ing single top

events from the backgrounds have been developed. Us-

ing different combinat ions of techniques, both the CDF

and D0 collaborat ions have published evidence for single

top quark product ion at significance levels of 3.7 and 3.6

standard deviat ions, respect ively [6, 7]. This Let ter re-

ports a significant update to the previous measurement

including a larger data sample and new analysis tech-

niques and achieves a signal significance of 5.0 standard

deviat ions, thus conclusively observing elect roweak pro-

duct ion of single top quarks.

The likelihood funct ion (LF), matrix element (ME),

and neural network (NN) analyses [6] are updated with
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FIG. 1: Representat ive Feynman diagrams of single top quark
product ion. Figures (a) and (b) are t-channel processes, and
Fig. (c) is the s-channel process.

an addit ional 1 fb− 1 of integrated luminosity; their meth-

ods remain unchanged. In addit ion, three new analy-

ses are added: a boosted decision t ree (BDT), a likeli-

hood funct ion opt imized for s-channel single top produc-

t ion (LFS), and a neural-network-based analysisof events

with missing transverse energy ET [8] and jets (MJ). The

BDT and LFS analyses use events that overlap with the

LF, ME, and NN analyses, while the MJ analysis uses an

orthogonal event select ion that adds about 30% to the

signal acceptance. This paper will concentrate on the

three new analyses and their combinat ion with the anal-

yses of Ref. [6] using 3.2 fb− 1 of integrated luminosity

collected with the CDF II detector [9].

For these analyses, we assume that single top quarks

are produced in the s- and t-channel modes with the SM

rat io, and that the branching rat io of the top quark to

W bis100%. Weseek events in which theW boson decays

leptonically in order to improve the signal-to-background

rat io s/ b. We simulate single top events using a tree-level

matrix-element generator [10].

For the LF, ME, NN, BDT, and LFS analyses we se-

lect + ET + jet events as described in Ref. [6], where

is an explicit ly reconstructed elect ron or muon from the

W boson decay and at least one jet is ident ified as con-

taining a B hadron. The background has contribut ions

from events in which a W boson is produced in associa-

t ion with one or more heavy flavor jets (W + H F ), events

with mistakenly b-tagged light -flavor jets (mistags), mul-

t ijet events (QCD), t t̄ and diboson processes, as well as

Z + jet events. The expected event yields in Table I are

est imated as in Ref. [6] where the signal, t t̄ , and diboson

categoriesare Monte Carlo predict ions scaled to the total

integrated luminosity while the remaining categories use

predict ions derived from cont rol samples taken from the

full event sample.

The MJ analysis is designed to select events with ET

and jets and to veto events selected by the + ET + jet

analyses. It accepts events in which the W boson decays

into τ leptons and those in which the elect ron or muon

fails the lepton ident ificat ion criteria. We use data cor-

responding to 2.1 fb− 1 of integrated luminosity for the

MJ analysis and select events that haveET > 50 GeV

and two jets within |η| < 2.0, at least one of which has

|η| < 0.9. The jet energy measurements include informa-

t ion from both the calorimeter and the charged-part icle



G. Tonelli, CERN/INFN/UNIPI                                             

Top mass
Dilepton channel

Mtop=175.5±4.6±4.6 GeV/c2

Lepton+jets channel

Mtop=173.1±2.1±2.8 GeV/c2

CMS combination

Mtop=173.4±1.9±2.7GeV/c2

2% precision

LHC is now a top factory and

will allow soon detailed

studies of top properties.

arXiv:1105.5661 ; CMS-TOP-11-002 ; CERN-PH-EP-2011-055



G. Tonelli, CERN/INFN/UNIPI                                             

Ztt-

CMS-EWK-10-013; Submitted to the Journal of High Energy Physics 

Measurement of the tau id 

efficiency  important to 

understand the tau as a 

discovery tool  (Higgs, SUSY 

etc)

36pb-1



G. Tonelli, CERN/INFN/UNIPI                                             

Detailed understanding of the t lepton as a tool for discovery



Andreas Schopper
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The LHCThe LHCbb Detector optimized Detector optimized 
for for hadronichadronic environment environment 

The LHCThe LHCbb Detector optimized Detector optimized 
for for hadronichadronic environment environment 

6 June 2011 PLHC 2011

Interaction 

Point

Vertex Locator

VELO

Tracking System

RICH Detectors
Muon System

Calorimeter System
movable device     

7 mm from beam!

Specific to LHCb!
B

~1 cm

proton 
beam

proton 
beam

Event display               

(view from top)

Demonstrated performance of LHCDemonstrated performance of LHCbb
confirms that concept is workingconfirms that concept is working

Demonstrated performance of LHCDemonstrated performance of LHCbb
confirms that concept is workingconfirms that concept is working



Andreas Schopper

LHC(LHC(bb) operation in 2010) operation in 2010LHC(LHC(bb) operation in 2010) operation in 2010
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Evolution of  average number of visible pp-collisions per bunch crossing: 

L = nb · Lb  nb · μ

LHCb design: 

L = 2 ·1032 ; nb ~ 2600  <μ> ~ 0.4

 maximizes fraction of 

single interaction bunch crossings

2010 run:  

L=1.6 ·1032 ; nb = 344  μmax = 2.7 

 > 6 times nominal!
design

2010

pp interactions/crossing

μ=2.7

μ=0.4
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btag

Bs

K

K-

K

p-

Ds

pp-collision 
primary vertex

B-decay displaced 
vertex

B

Lb

nb

μ = 1 μ = 2 μ = 3 

 big challenge for detector operation, 

trigger, reconstruction and analysis

typical event at μ~2.5

High multiplicity eventsHigh multiplicity eventsHigh multiplicity eventsHigh multiplicity events

 high track multiplicity and many 

vertices in each collision event



Andreas Schopper

Detector & trigger efficienciesDetector & trigger efficienciesDetector & trigger efficienciesDetector & trigger efficiencies
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 all detector components ~ 99 % efficient!

H
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h
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~3 kHz
L
e
v
e
l 
-0

L0 

e, g

40 MHz

≤1 MHz

L0 

had

L0 

m

Global reconstruction30 kHz

H
LT

1
H

LT
2

Inclusive selections

m, m+track, mm,

topological, charm, ϕ

&  Exclusive selections

Storage: “nominal” event size ~35kB very high selection efficiencies!

2010

High pT track with non-

zero Impact Parameter



Andreas Schopper

Expected integrated luminosity for LHCExpected integrated luminosity for LHCbb in in 20112011Expected integrated luminosity for LHCExpected integrated luminosity for LHCbb in in 20112011

6 June 2011 PLHC 2011 48

Luminosity of LHCb levelled continuously

GPD luminosity                    

falls-off exponentially

LHCb design luminosity

Introduced luminosity leveling for LHCb  can run at optimal μ and Lmax

 Since end of May running at constant L ~ 3∙1032 cm-2s-1 with μ ~ 1.5



Andreas Schopper

Expected integrated luminosity for LHCExpected integrated luminosity for LHCbb in in 20112011Expected integrated luminosity for LHCExpected integrated luminosity for LHCbb in in 20112011
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Introduced luminosity leveling for LHCb  can run at optimal μ and Lmax

 LHCb expects to collect ~1000 pb-1 in 2011 (and ≥ same in 2012)



Andreas Schopper

Detector performance: Detector performance: mass resolutionmass resolutionDetector performance: Detector performance: mass resolutionmass resolution
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Bu
+  J/ψ K+ Bd

0  J/ψ K* Bs
0  J/ψ φ

Detection of different B species:   for B  J/ψ X  with 34 pb-1 ~ full statistics of 2010

σ~11 MeV σ~8 MeV σ~7 MeV

 very good mass resolution

 very low background 

(comparable to e+e- machines)

 worlds best mass measurements

Λb
0  J/ψΛ

σ~9 MeV

Comparison GPDs:

 CMS: σ~16 MeV

 ATLAS: σ~26 MeV

[LHCb-CONF-2011-027]

Channel                           LHCb mass [MeV/c2]                             PDG [MeV/c2]

5279.17 ± 0.29

5279.50 ± 0.30

5279.50 ± 0.30

5366.30 ± 0.60

5620.2   ± 1.6

6277      ± 6



Andreas Schopper

Detector performance: Detector performance: properproper--time resolutiontime resolutionDetector performance: Detector performance: properproper--time resolutiontime resolution

6 June 2011 PLHC 2011 51

Vertex resolution         

on primary vertex

 excellent proper time 

resolution of ~50 ps

Λb
0  J/ψΛ

Bu
+  J/ψ K+ Bd

0  J/ψ K*

Bs
0  J/ψ φ

1.638 ± 0.011

1.525 ± 0.009

Channel                                 LHCb lifetime [ps]                                        PDG [ps]

1.525 ± 0.009

1.477 ± 0.046

1.391 ± 0.038

[LHCb-CONF-

2011-001]



Andreas Schopper

Detector performance: Detector performance: hadron PID performancehadron PID performanceDetector performance: Detector performance: hadron PID performancehadron PID performance

6 June 2011 PLHC 2011 52

Λb p πΛb p K

Kaon identification efficiency and miss-identification as function of momentum

35pb-1 35pb-1

 excellent prospects for observation of  CP violation with  L~1 fb-1



Andreas Schopper

Detector performance: Detector performance: 
Particle IdentificationParticle Identification on on BBhhhh

Detector performance: Detector performance: 
Particle IdentificationParticle Identification on on BBhhhh
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B0  h+ h-

No particle identification  any 2 hadrons!

Bs
0  K+ K-

Bd
0  K π & Bs

0  K πparticle identification of 2 π

particle 

identification 

of 2 Kaons

particle 

identification 

of 1 π and 1 K

BR(Bπ+π-) = 5 x 10-6 !

(35 pb-1)

Expectations 2011:

LHCb: 6500 ev./fb-1

(CDF: 1100 ev./fb-1)

Bd
0  π+ π-

229±23 

events in 35 

pb-1

(will get as many Kπ in <1 fb-1 as Belle in 1000 fb-1)

large width 
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Detector performance: Detector performance: photon PIDphoton PIDDetector performance: Detector performance: photon PIDphoton PID
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Bd
0  K*γ

no conversion

σ~10.5 MeV

1γ conversion

σ~13.5 MeV

π0 reconstruction performance

χ c  J/ψ γ

cross section 

ratio  χc2 / χc1 

for prompt χc

production at 

√s = 7 TeV

[LHCb-CONF-2011-020]
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Detector performance: Detector performance: muonmuon PIDPIDDetector performance: Detector performance: muonmuon PIDPID
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Y1S
Y2S

Y3S

[LHCb-CONF-2011-016]

[Eur. Phys.J.C71(2011)1645]

Muon ID efficiency

measured with ‘tag & probe’

technique: ε=0.9798(6)

Differential Y(1S) production cross section vs rapidity 

Differential J/Ψ production cross section vs pT



Andreas Schopper

HighHigh bbbb--cross section cross section confirmedconfirmedHighHigh bbbb--cross section cross section confirmedconfirmed
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 single-μ trigger

+ average

error

on theory

x un-triggered

From B0  D0 X+ m-  with Do  K- π+

total bb cross-section in 4π:  

[Physics Letters B 694 (2010) 209]

In perfect agreement with result 

from B  J/ψ X:

bb-cross section at √s = 7 TeV from semileptonic B decays

Thanks to its excellent detector performance, with ~37 pb-1 LHCb is already competitive 

with Tevatron results based on 6000 pb-1, even though bb cross-section only 3 times higher 

[Eur. Phys. J. C 71 (2011) 1645]



Central Barrel
2 p tracking & PID
Dh ≈± 1

Muon Spectrometer 
2.5 < h < 4

Detector:
Size: 16 x16 x 26 m
Weight: 10,000 t

Collaboration:
> 1200 Members
> 100 Institutes 
> 30 countries



Detector Status

ICPAQGP 
58

PLC 20J. Schukraft

Complete since 2008:
ITS, TPC, TOF, HMPID,
FMD, T0, V0, ZDC, 
Muon arm, Acorde
PMD , DAQ

Partial installation (2010):
4/10 EMCAL* (approved 2009)
7/18 TRD* (approved 2002)
3/5 PHOS (funding)

~ 60% HLT (High Level Trigger)

2011 
10/10 EMCAL
10/18 TRD

*upgrade to the original setup

ITS

TPC

TRD

TOF

EMCAL

PHOS

HMPID

L3 Magnet



Particle Identification in ALICE

 ‘stable’ hadrons (p, K, p): 100 MeV < p < 5 GeV (several 10 GeV)
 dE/dx in silicon (ITS) and gas (TPC)  + time-of-flight (TOF) + Cherenkov (HMPID)

 decay topologies (K, L,,W,D)
 K and L decays beyond 10 GeV

 leptons (e, m), photons h,p0

 electrons TRD: p > 1 GeV, muons: p > 5 GeV, p0 in PHOS, EMCAL: 1 < p <  80 GeV

PHOS, EMCAL



Particle Identification

TPC dE/dx

ITS Silicon Drift/Strip dE/dx

Ω ΛΚ

TOF



Anti-Matter production in  

p+p and Pb+Pb collisions 

Natasha Sharma (Panjab University, Chandigarh),  

on behalf of the ALICE collaboration, LHCC Meeting, March 2011 

 Extraction of yields 

Housed in the L3 magnet at point 2 at 

CERN, the ALICE Time Projection 

Chamber is the largest of its kind in the 

world. It is the main tracking device of 

the experiment and provides also 

particle identification via the specific 

energy loss. 

Since the specific energy loss of a 

particle depends for a given momentum 

only on charge and rest mass, the 

simultaneous measurement of track 

curvature and signal height allows 

particle identification. 

The Inner Tracking System gives a 

precise determination of the event 

vertex, by which primary and 

secondary particles are separated.  

These figures show the particle 

identification through their specific 

energy loss vs rigidity in the ALICE 

TPC. 

 Outlook  Work in Progress 

pp @ ! s = 7 TeV 

PbPb @ 2.76 TeV 

•! Nearly 11 M minimum bias events are analyzed for PbPb collisions 

and over 350 M events are analyzed for pp @ ! s = 7 TeV 

•! Nuclei and anti-nuclei produced in the collisions have Distance of 

Closest Approach (DCA) always near to zero.  Nuclei can also be 

produced by interaction with the material. Their yield is then 

determined after background subtraction in the DCA XY distribution. 

Four candidates of 4He are 

found in the PbPb collisions at 

! sNN = 2.76 TeV 

Out of these, three candidates 

are confirmed by Time of Flight 

(TOF) measurement 

•! Final spectra will be obtained after including ef ficiency and 

annihilation probability 

•! Work in progress for anti-hypertriton 

•! Work in progress to estimate anti- 4He yields 

The raw yields are determined by analyzing the DCA  distribution (left) for 

different pt bins. 

 Goals 

•! Comparison of yields in pp and PbPb collisions 

•! Comparison of particle ratios with thermal and coalescence model 

•! Understanding of the production mechanism 

 Particle Identification 

Panjab University , Chandigarh, India. 

pp @ ! s = 7 TeV PbPb @ 2.76 TeV 

3He 
__ d 

_ 

d 
_ 

d 

___ 

Search for Anti-

HyperTriton is 

ongoing via its 

displaced vertex 

Performance 

19.03.11 

Anti-Alpha Candidates in Pb-Pb

Time of flight (sensitive to m/z-ratio): 

Three candidates
confirmed by TOF
analysis



Particle Identification in Pb-Pb

pionspions

kaonskaons

Raw yields: a global fit of Time-Of-Flight signal - mass hypotesis i (π, K, p)
constrains the integral of the fit to the total number of entries in the TOF PID

Central Pb-Pb collisionsCentral Pb-Pb collisions
|y| < 0.5

protonsprotons

Protons : 0.95 < pT < 1.05 GeV/c
mismatch backgroundmismatch background

on the % - level



Momentum Resolution

• Combined TPC + ITS tracks

• Background/weak decays 

excluded via DCA cut to 

primary vertex

• Tracks within |η| < 0.8

• Resolution determined from 

track residuals, verified with 

cosmics and reconstructed 

decay widhts (e.g. KS
0)

Good resolution already with early
Pb+Pb calibration.



D Meson Reconstruction in ALICE
• Main selection: displaced-vertex topology

• Tracking and vertexing precision is crucial here

• Inner Tracking System (ITS) with 6 Si layers

– two pixel layers at 3.9 cm (closest barrel layer at LHC!) and 7 cm

• The ITS was aligned using cosmics and collisions

– current resolution for pixels: 14 mm (nominal: ≈11 mm)   

The inner pixel layer

proton

kaon

pion

Same tracking

precision

in pp and Pb-Pb,

described in MC,

incl. mass dep.

Pb-Pb pp



p0 Reconstruction in EMCAL

Reconstruction of πo invariant mass in semi-central Pb-Pb collisions



p0 and h from Conversions

)cos1(2
212121 gggggg

- EEM

p0

h



pp Physics in ALICE

• ‘comparison data’ for heavy ion program 

– many signals measured ‘relative’ to pp

• comprehensive study of MB@LHC

– tuning of Monte Carlo generators
(background to BSM)

– complementary to other LHC expts

– address specific issues of QCD

• very high multiplicity pp events

– dNch/dh comparable to HI 
=> mini-plasma ?



Charged Particle Pseudorapidity Density

• Multiplicity increases faster than predicted by models

ALICE 7 TeV:

Eur.Phys.J.C68:345-354,2010;

ALICE 0.9/2.36 TeV:

Eur.Phys.J.C68:89-108,2010.



• Excellent understanding of  

material budget is pre-requisite 

for p/p-ratio measurement on 

the percent level

• Proton cannot be fully stopped 

at LHC

• Little room for baryon number 

transport over large rapidity 

gaps

(Anti)-Proton Production

0.9 TeV: 0.957±0.006(stat) ±0.014(syst)
7 TeV:   0.990±0.006(stat) ±0.014(syst)

Details in talk of M. Broz, Tu, 15:15



Open Charm from ALICE

Study open charm production in as many channels as possible

D0
 K-π+ D+

 K-π+π+



First Measurements in 
Heavy-Ion Collisions at LHC

• Particle production
– Multiplicities – how does the particle production depend on energy and 

impact parameter of the collisions? Are we able to describe it?

• Emission of particles – collectivity – dynamical evolution
– Azimuthal anisotropy – how the initial spatial anisotropy manifests itself 

in final momentum anisotropy? – Collective flow at LHC? 

– Collectivity? How do the source dimensions evolve with energy? 

• Parton energy loss
– Is QCD medium at LHC opaque to high energy partons?

– Evolution of jet quenching with energy?



• Energy density from dNch/dη
– dNch/dη = 1599 ± 4 (stat.) ± 80 (syst.) 
– constrains / rules out models
– 100 times cold nuclear matter density 
– ~3 times the density reached at RHIC 

(ε ≈ 15 GeV/fm3)

- Freeze-out volume     
~ 300 fm3

- ~  2 times the volume 
measured at RHIC 
(AuAu@200 GeV)

- Lifetime until 
freeze-out ~ 10 fm/c

Characteristics of Central Pb+Pb Collisions at 2.76 TeV

• Volume and lifetime from HBT 
interferometry

Volume Lifetime



Particle Production in Pb-Pb:
Elliptical Flow v2

• Collective behavior observed in Pb-Pb collisions at LHC (+0.3 v2
RHIC)

–> ideal fluid behavior
• Testing hydrodynamical evolution
• Precision measurement for viscosity/entropy ratio

PRL 105, 252302 (2010) PRL 105, 252302 (2010) 

ities[7] but isinagreement withsomemodelsthat include
viscouscorrectionswhichat theLHCbecomelessimpor-
tant [12,15–18].

In summary we have presented the first elliptic flow
measurement at the LHC. The observed similarity at
RHIC and theLHC of pt-differential elliptic flow at low
pt isconsistent withpredictionsof hydrodynamic models
[7,14]. Wefind that the integrated elliptic flow increases
about 30% from
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2:76 TeV. Thelarger integratedellipticflowat theLHCis
causedby theincreaseinthemeanpt. Futureellipticflow
measurementsof identifiedparticleswill clarify theroleof
radial expansion in theformationof ellipticflow.

The ALICE Collaboration would like to thank all its
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to the construction of the experiment and the CERN ac-
celerator teams for the outstanding performance of the
LHC complex. The ALICE Collaboration acknowledges
thefollowingfundingagenciesfor their support inbuilding
and running the ALICE detector: Calouste Gulbenkian
Foundation from Lisbon and Swiss Fonds Kidagan,
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Pb-Pb 20%–30% centrality class compared with results from
lower energiestaken at similar centralities[40,43].
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ITS-TPC and TPC stand-alone tracking are in excellent
agreement. Because of the smaller corrections for the
azimuthal acceptance, theresultsobtained using theTPC
stand-alonetracksarepresented in thisLetter.

The pt-differential flow was measured for different
event centralities using various analysis techniques. In
thisLetter wereport resultsobtainedwith2- and4-particle
cumulant methods[34], denoted v2f2gand v2f4g. To cal-
culate multiparticle cumulants we used a new fast and
exact implementation [35]. Thev2f2gandv2f4gmeasure-
ments have different sensitivity to flow fluctuations and
nonflow effects—which areuncorrelated to theinitial ge-
ometry. Analytical estimates and results of simulations
show that nonflow contributions to v2f4gare negligible
[36]. The contribution from flow fluctuations is positive
for v2f2gand negative for v2f4g[37]. For the integrated
ellipticflowwealsofit theflowvectordistribution[38] and
usetheLee-Yangzerosmethod [39], whichwedenoteby
v2fq-distgand v2fLYZg, respectively [40]. In addition to
comparing the2- and 4-particlecumulant resultswealso
estimatethenonflow contribution by comparing to corre-
lationsof particlesof thesamecharge. Chargecorrelations
due to processes contributing to nonflow (weak decays,
correlationsdueto jets, etc.) lead to stronger correlations
between particles of unlike charge sign than like charge
sign.

Figure2(a) showsv2ðptÞfor thecentrality class40%–
50%obtainedwithdifferent methods. For comparison, we
present STARmeasurements[41,42] for thesamecentral-
ity fromAu-Aucollisionsat
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2.76TeV. Figure2(b) presentsv2ðptÞobtainedwith the4-
particle cumulant method for three different centralities,
comparedtoSTARmeasurements.Thetransversemomen-
tum dependence isqualitatively similar for all threecen-
trality classes. At lowpt thereisagreement of v2ðptÞwith
STARdatawithinuncertainties.

The integrated elliptic flow iscalculated for each cen-
trality class using the measured v2ðptÞtogether with the
charged particle pt-differential yield. For the determina-
tionof integratedellipticflowthemagnitudeof thecharged
particle reconstruction efficiency does not play a role.
However, the relative change in efficiency as a function
of transversemomentumdoesmatter. Wehaveestimated
the correction to the integrated elliptic flow based on
HIJINGandTHERMINATORsimulations.Transversemomen-

tum spectra in HIJING and THERMINATOR are different,
giving an estimate of the uncertainty in the correction.
Thecorrection isabout 2%with an uncertainty of 1%. In
addition, the uncertainty due to the centrality determina-
tion results in a relative uncertainty of about 3% on the
valueof theellipticflow.

Figure3showsthat theintegratedellipticflowincreases
from central to peripheral collisions and reaches a

maximumvalueinthe50%–60%and40%–50%centrality
class of 0:106 0:001ðstatÞ 0:004ðsystÞand 0:087
0:002ðstatÞ 0:003ðsystÞfor the 2- and 4-particle cumu-
lant method, respectively. It isalsoseenthat themeasured
integratedellipticflowfromthe4-particlecumulant, from
fitsof theflowvector distribution, andfromtheLee-Yang
zerosmethod,areinagreement.TheopenmarkersinFig.3
showtheresultsobtainedfor thecumulantsusingparticles
of thesamecharge. The4-particlecumulant resultsagree
within uncertainties for all charged particles and for the
same charge particle data sets. The 2-particle cumulant
results, as expected due to nonflow, depend weakly on
the charge combination. The difference is most pro-
nounced for themost peripheral andcentral events.

Theintegrated elliptic flow measured in the20%–30%
centrality classiscomparedtoresultsfromlower energies
in Fig. 4. For thecomparison wehavecorrected the inte-
grated elliptic flow for the pt cutoff of 0:2 GeV=c. The
estimatedmagnitudeof thiscorrectionisð12 5Þ%based
oncalculationswithTHERMINATOR. Thefigureshowsthat
there is a continuous increase in the magnitude of the
elliptic flow for thiscentrality region fromRHICto LHC
energies. Incomparison to theellipticflow measurements
in Au-Au collisions at
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2:76 TeV. The increase of about 30% is larger than in
current ideal hydrodynamiccalculationsat LHCmultiplic-

)c (GeV/
t
p

1 2 3 4 5

2
v

0.05

0.1

0.15

0.2

0.25

0.3 {2}
2

v

{4}
2

v

(STAR){4}
2

v

)c (GeV/
t
p

0 1 2 3 4 5

{4
}

2
v

0.05

0.1

0.15

0.2

0.25

10%-20%

20%-30%

30%-40%

10%-20%(STAR)

20%-30%(STAR)

30%-40%(STAR)

(a)

(b)

40%-50%

40%-50%

FIG. 2 (color online). (a) v2ðptÞfor the centrality bin 40%–
50% from the 2- and 4-particle cumulant methods for this

measurement and for Au-Au collisions at
ffif

fiff

i

f

f

i

f

f

i

f

f

i

f

f

i

ffi
sNN

p
¼200 GeV.

(b) v2f4gðptÞfor various centralities compared to STAR mea-
surements. The data points in the 20%–30% centrality bin are

shifted in pt for visibility.

PRL 105, 252302 (2010) PHYSI CAL REVI EW L ETTERS
week ending

17 DECEMBER 2010

252302-3

central

semi-central

ities[7] but isinagreement withsomemodelsthat include
viscouscorrectionswhichat theLHCbecomelessimpor-
tant [12,15–18].

In summary we have presented the first elliptic flow
measurement at the LHC. The observed similarity at
RHIC and theLHCof pt-differential elliptic flow at low
pt isconsistent withpredictionsof hydrodynamic models
[7,14]. Wefind that the integrated elliptic flow increases
about 30% from
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2:76 TeV. Thelarger integratedellipticflowat theLHCis
causedby theincreaseinthemeanpt. Futureellipticflow
measurementsof identifiedparticleswill clarify theroleof
radial expansion in theformationof ellipticflow.
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Pesquisa do Estado de São Paulo (FAPESP); National
Natural Science Foundation of China (NSFC), the
Chinese Ministry of Education (CMOE), and the
Ministry of Science and Technology of China (MSTC);
Ministry of Education and Youth of theCzech Republic;
Danish Natural Science Research Council, the Carlsberg
Foundation, and the Danish National Research
Foundation; The European Research Council under the
European Community’sSeventh Framework Programme;
Helsinki Instituteof PhysicsandtheAcademy of Finland;
French CNRS-IN2P3, the ‘‘Region Pays de Loire,’’
‘‘Region Alsace,’’ ‘‘Region Auvergne,’’ and CEA,
France; German BMBF and the Helmholtz Association;
Hungarian OTKA and National Office for Research and
Technology (NKTH); Department of Atomic Energy and
Department of ScienceandTechnologyof theGovernment
of India; Istituto Nazionaledi FisicaNucleare(INFN) of
Italy; MEXT Grant-in-Aid for Specially Promoted
Research, Japan; Joint Institute for Nuclear Research,
Dubna; National Research Foundation of Korea (NRF);
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FIG. 4 (color online). Integrated elliptic flow at 2.76 TeV in
Pb-Pb 20%–30% centrality class compared with results from
lower energiestaken at similar centralities[40,43].
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ITS-TPC and TPC stand-alone tracking are in excellent
agreement. Because of the smaller corrections for the
azimuthal acceptance, theresultsobtained using theTPC
stand-alonetracksarepresented in thisLetter.

The pt-differential flow was measured for different
event centralities using various analysis techniques. In
thisLetter wereport resultsobtainedwith2- and4-particle
cumulant methods[34], denoted v2f2gand v2f4g. To cal-
culate multiparticle cumulants we used a new fast and
exact implementation [35]. Thev2f2gandv2f4gmeasure-
ments have different sensitivity to flow fluctuations and
nonflow effects—which areuncorrelated to theinitial ge-
ometry. Analytical estimates and results of simulations
show that nonflow contributions to v2f4gare negligible
[36]. The contribution from flow fluctuations is positive
for v2f2gand negative for v2f4g[37]. For the integrated
ellipticflowwealsofit theflowvectordistribution[38] and
usetheLee-Yangzerosmethod [39], whichwedenoteby
v2fq-distgand v2fLYZg, respectively [40]. In addition to
comparing the2- and 4-particlecumulant resultswealso
estimatethenonflow contribution by comparing to corre-
lationsof particlesof thesamecharge.Chargecorrelations
due to processes contributing to nonflow (weak decays,
correlationsdueto jets, etc.) lead to stronger correlations
between particles of unlike charge sign than like charge
sign.

Figure2(a) showsv2ðptÞfor thecentrality class40%–
50%obtainedwithdifferent methods. For comparison, we
present STARmeasurements[41,42] for thesamecentral-
ity fromAu-Aucollisionsat
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2.76TeV. Figure2(b) presentsv2ðptÞobtainedwith the4-
particle cumulant method for three different centralities,
comparedtoSTARmeasurements.Thetransversemomen-
tum dependence isqualitatively similar for all threecen-
trality classes. At lowpt thereisagreement of v2ðptÞwith
STARdatawithinuncertainties.

The integrated elliptic flow iscalculated for each cen-
trality class using the measured v2ðptÞtogether with the
charged particle pt-differential yield. For the determina-
tionof integratedellipticflowthemagnitudeof thecharged
particle reconstruction efficiency does not play a role.
However, the relative change in efficiency as a function
of transversemomentumdoesmatter. Wehaveestimated
the correction to the integrated elliptic flow based on
HIJINGandTHERMINATORsimulations.Transversemomen-

tum spectra in HIJING and THERMINATOR are different,
giving an estimate of the uncertainty in the correction.
Thecorrection isabout 2%with an uncertainty of 1%. In
addition, the uncertainty due to the centrality determina-
tion results in a relative uncertainty of about 3% on the
valueof theellipticflow.

Figure3showsthat theintegratedellipticflowincreases
from central to peripheral collisions and reaches a

maximumvalueinthe50%–60%and40%–50%centrality
class of 0:106 0:001ðstatÞ 0:004ðsystÞand 0:087
0:002ðstatÞ 0:003ðsystÞfor the 2- and 4-particle cumu-
lant method, respectively. It isalsoseenthat themeasured
integratedellipticflowfromthe4-particlecumulant, from
fitsof theflowvector distribution, andfromtheLee-Yang
zerosmethod,areinagreement.TheopenmarkersinFig.3
showtheresultsobtainedfor thecumulantsusingparticles
of thesamecharge. The4-particlecumulant resultsagree
within uncertainties for all charged particles and for the
same charge particle data sets. The 2-particle cumulant
results, as expected due to nonflow, depend weakly on
the charge combination. The difference is most pro-
nounced for themost peripheral andcentral events.

Theintegrated elliptic flow measured in the20%–30%
centrality classiscomparedtoresultsfromlower energies
in Fig. 4. For thecomparison wehavecorrected theinte-
grated elliptic flow for the pt cutoff of 0:2 GeV=c. The
estimatedmagnitudeof thiscorrectionisð12 5Þ%based
oncalculationswithTHERMINATOR. Thefigureshowsthat
there is a continuous increase in the magnitude of the
elliptic flow for thiscentrality region fromRHICto LHC
energies. Incomparison to theellipticflow measurements
in Au-Au collisions at
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FIG. 2 (color online). (a) v2ðptÞfor the centrality bin 40%–
50% from the 2- and 4-particle cumulant methods for this
measurement and for Au-Au collisions at
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(b) v2f4gðptÞfor various centralities compared to STAR mea-
surements. The data points in the 20%–30% centrality bin are
shifted in pt for visibility.
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Prospects for the Higgs BosonProspects for the Higgs Boson

at 7 at 7 TeVTeV

An exampleAn example



CMS & ATLAS Projections Compared



 Experiments well prepared to exploit Experiments well prepared to exploit 

ALL decay channels accessible          ALL decay channels accessible          

 Experiments are crossExperiments are cross--checking each checking each 

otherother

 Experiments are preparing to combine Experiments are preparing to combine 

their resultstheir results



Summary of Prospects

Sergio Cittolin

Higgs Boson, if it exists between 

masses of (114 - 600 GeV) will 

either be discovered or ruled out in

≈ next two years 

 Decided to run in 2011 and 

2012

SM Higgs Search Prospects (Mass in GeV)

ATLAS + CMS

≈ 2 x CMS 

95% CL 
exclusion

3 s sensitivity 5 s sensitivity

1 fb-1 120 - 530 135 - 475 152 - 175

2 fb-1 114 - 585 120 - 545 140 - 200

5 fb-1 114 - 600 114 - 600 128 - 482

10 fb-1 114 - 600 114 - 600 117 - 535



…not only searches

 2010 2010 LHCbLHCb results show exciting results show exciting 

prospects for 2011prospects for 2011--20122012





Search for Bs mm

Expected upper limit

68% of possible experiments

compatible with expected limitObserved upper limit

90% exclusion

95% exclusion

@ 90% CL @ 95% CL

LHCb Today, 37 pb-1 < 43 x10-9 < 56 x10-9

D0 World best, 6.1 fb-1

PLB 693 539 (2010)
< 42 x10-9 < 51 x10-9

CDF Preliminary, 3.7 fb-1

Note 9892
< 36 x10-9 < 43 x 10-9

Paper submitted to 

Phys. Lett. B



LHC Time-line

~2021/22

2017 or 18

2013/14

2009 Start of LHCStart of LHC

Run 1: 7 TeV centre of mass energy,  luminosity  
ramping up to few 1033 cm-2 s-1, few fb-1 delivered

2030 ILC, High energy LHC, ... ? ILC, High energy LHC, ... ? 

Phase-II: High-luminosity LHC. New focussing magnets and 
CRAB cavities for very high luminosity with levelling
Phase-II: High-luminosity LHC. New focussing magnets and 
CRAB cavities for very high luminosity with levelling

Injector and LHC Phase-I upgrades to go to ultimate luminosityInjector and LHC Phase-I upgrades to go to ultimate luminosity

LHC shut-down to prepare machine for design 
energy and nominal luminosity 
LHC shut-down to prepare machine for design 
energy and nominal luminosity 

Run 4: Collect data until > 3000 fb-1

Run 3: Ramp up luminosity to 2.2 x nominal, reaching ~100 fb-1 / 
year accumulate few hundred fb-1

Run 2: Ramp up luminosity to nominal (1034 cm-2 s-1), ~50 to 100 
fb-1



LHC  experiments timelineLHC  experiments timeline

LHC schedule harmonized/agreed with the experiments

 Consolidation/incremental upgrades in 2013-2013, 

getting more substantial in 2017 (major upgrade for 

LHCb in 2017?)

 Major upgrades in 2021

 Upgrade proposals submitted/in submission to the LHCC

Working the schedule backwards, and considering realistic 

construction and commissioning times, all experiments are 

already on a very tight timeline for R&D and final choices! 



Lessons learned (my biased view)Lessons learned (my biased view)

 Experiments did exceptionally well in term of

 Performances

 Reliability

 Operations and ease of maintenance

 Measurement redundancy has proven to be a major 

asset for the physics performances

 Data and simulations have shown a remarkable 

agreement, at least in reproducing the bulk of the data

 We are still a bit optimistic in the way we account for 

passive material

 Our biggest problems mostly connected to the usual “low 

tech” stuff (cooling, LV power supplies, etc) 



Lessons learned (my biased view)Lessons learned (my biased view)

 A lot of R&D work still needed in order to take 

decisions on the major upgrades, with a constant 

eye to physics (and the parallel LHC upgrade)

 Ancillary systems (cooling, power distribution, 

connections, data extractions, on detector data 

handling) need also a robust rethinking and the 

corresponding R&D



In summary

So far so good, keep pushing!

..and hope on the gentleness of  

Nature, offering us some early 

discovery.

It will be fun to look in retrospective 

@ TIPP 2013! 



Thank you!Thank you!


