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LHC and its Detectors @ TIPP 2011

A timely occasion to:

m Evaluate the experiments performances
as detector systems

m Assess the correctness of the design
hypotheses

m Learn from the shortfalls
m Plan for the upgrades and necessary R&D

CERN
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LHC shortly before TIPP0O9

@ T. Virdee, TIPPO9 3
7/



The LHC repairs in detail

54 electrical interconnections
14 quadrupole magnets 39 dipole magnets fully repaired. 150 more Owver 4 km of vacuum
replaced replaced needing only partial repairs beam tube cleaned

3

A new longitudinal Mearly 900 new helium pressure 6500 new detectors are being
restraining system is being fited release ports are being installed added to the magnet protection
to 50 quadrupole magnets around the machine system, requiring 250 km of cables

to be laid



Good news from LHC commissioning 2010:

Excellent single beam lifetime

m Ramp & squeeze essentially without loss

O No quenches with beam above 450 GeV
O Excellent performance of Machine Protection

Optics close to model (and correctable)
Excellent reproducibility
Aperture (at least) as expected

Better than nominal from injectors
O Emittances, bunch intensity

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

And surprisingly good availability...



) Peak luminosity performance
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Main parameters: 368 bunches of 1.2 x 10" protons.
Colliding beam sizes = 40 microns.




) lon luminosity performance

LHC 2010 HI RUN (3 5 Z TeV/beam)

PRELIMINARY (+1 0% scale)

Gained a
factor 100 of
peak luminosity
in 6 days!

delivered ipfegrated luminosity (ub™)

M. Ferro-Luzzi
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310 3 320 325 330 335 340

day of year 2010
1 month
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88 LHC in 2011 — so far

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

m Ramp-up to ~200 bunches (75 ns): 2 weeks v

Multi-bunch injection commissioning continued
Stable beams

m Intermediate energy run: 4 days v
m Technical Stop: 4+1 days/
m Scrubbing run: 10 days v
m Decided to run at 50 ns spacing v

m Resumed operation for physics and increase number of v
bunches:

300 — 400 — 600 — 800 — 900 - 1100 ...1400



88 Peak luminosity 2011
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@8 ...and integrated luminosity 2011
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And the experiments?

Experiment have shown an astounding readiness in
making use of the collected luminosity, due to:

m one year of cosmic rays (alignments, calibrations,
people and systems training)

m excellent performances of the WLCG

m ~ 3000 greedy PhD students!

A very important discovery in 2010: experiments have an
higher physics reach (for a given luminosity) than
predicted by simulations!

CERN
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The ATLAS Detector (in1 Si

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

Channel Live Fraction
Channels

TGC End Cap Muon 320K
RPC Barrel Muon 370 K

CSC Muon 31 K

MDT Muon 30K

LVL1 Muon TGC Trigger 320K
LVL1 Muon RPC Trigger 370 K
LVL1 Calo Trigger 7 K
Forward Lar 35 K

Had End-Cap Lar 5.6 K

Tile Calo 98 K

Lar EM Calo 170K

TRT 350 K

SCT
Pixel

6.3 M
80 M

50% 60 % 70% 80% 90 % 100%




Total Integrated Luminosity [pb

Data taking efficie

ATLAS Online Luminosity \s=7Tev

I8 o Deitversd A4 Max inst lumi. : 1.26x1033 cm2 s

[ ]LHC Delivered Stable

[ ATLAS Ready Recorded Delivered luminosity: 709 pb-!
ATLAS ready recorded: 676 pb!

Preliminary uncertainty on 2011
luminosity 4.5%

02/04 05/05 07/06
Day in 2011

Data taking efficiency:

Fraction of good quality data per detector

. LAr LAr LAr ) . .
Pixel SCT TRT EM HAD FWD Tile MDT RPC CSC TGC Solenoid Toroid

995 994 100 875 924 945 100 100 99.0 999 998 96.8

Fraction of recorded data used for Top analysis : 83% ¢




Trigger operation

. Tr'igger' or'gcmized in 3 levels Global trigger rate

+ LVLI (50 KHz): Hardware :

« LVL2 (4 KHz): Software on
reduced granularity (regions of | Event Fiter
interest) ?

Peak Lumi. 7.2e32 cm-2s-1

« EF (#300 Hz): Based on Offline
Reconstruction Full Granularity

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

» Recorded physics rate #300 H:




Performance

L~40pb’
EF_mu15

ATLAS Preliminary
Data znm xf__ 7 Te"u"

* Calibrating the detector performance with
Nobel Prize winning particles S




Electrons and Muons

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

T T | LB | T 1 11T | T T 1T | L | T T T | L ‘ LU
— Data I Ldt=37pb’ ATLAS Preliminary
—— MC Z—ee

= Fit to data I " a
o= 1.73+/-0.08 GeV _
Inj<2.47 o ‘ o

o= 1 73 GeV =1.49+/-0.02 GeV _

T ‘ LI T | T T T | T T | T T T | T L
-e- Data J Ldt = 39 pb”’ ATLAS Preliminary —
— Fit to data
m Bkg. from fit to data

Pythia MC (direct J/y)
— Fit to MC+data bkg.

u, =3080%2MeV
w =3083 + 1 MeV
ohe =132+2 MeV
Gye =134+ 1 MeV

i<2.47
(1.37<n|<1.52 excluded)

Events / 1 GeV
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Efficiency
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Muon Rec. efficiency

Events / 1 GeV

ATLAS Preliminary
Autumn reprocessing, 2010 data

I Ldt = 40 pb”, chain 2

Dt/MC |

[ ATLAS Preliminary 6=2.06 GeV]

70 80 90 100 110 120

/— >},l L M, (GeV)
Muons: high and well unders‘rood reconstruction efficiency,

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

SSIIHIIHI Lobfo b b b bl




Jets, E-Mss and B tag

Jet Energy Scale: systematic uncertainty <3%

ina Iarge pT range (2010 da’ra no pile-up) B tagging (SVO)

Anti-k, R=0.6, EM+JES, 0.3< || < 0.8, Data 2010 + Monte Carlo QCD jets N

ALPGEN + Herwig + Jimmy ¥ Noise Thresholds -
% JES calibration non-closure *  PYTHIAPerugia2010 7]
L o  Single particle (calorimeter) =  Additional dead material
VO[T ] Total JES uncertainty
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ATLAS Freliminary

GCW cell- based E"'"’“ I\]Iu=:4 5

o Data Pb+Pby[s,, = 2.76 TeVII_dl 1.7 pb!
Fit: 0.48\[% E;

e Datap+pVs = ?Te‘u’fl_dl 0.34 nb”
Fit: 0.48\% E,

o(Er) = 0.48+/> Er|

ATLAS Preliminary
L Loaow o aaal L

12|y <21

¥

E"sS E™* Resolution [GeV]

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




Pile Up

N Average # of interactions per crossing
S ATLAS

A EXPERIMENT —
fun fumber 180164, uent Number: 14635105¢ ﬂ ATLAS Online 2011 ,\|‘§=7 TeV Ldt=0.39 fb-1
z
E <u> =6.0
Event [E
o Ee]
with 11 E
. o
vertices E
ahd 17

2 4 6 8 10 12 14

AN Mean Number of Interactions per Crossing
= 1 . 6.0 Coll/BC Max Pile up vs time
Max Pile Up : 10-12 Collisions/BC  aiE=IEs ity
Issue for:
* Missing energy
+ Lepton Isolation (mainly calorimetric)

« Jet Energy Scale and resolution
« Vertexing

23/05

« CPU time and event size auin 2017, 2




Selected Heavy Ions re

First direct observation of
Jet Quenching

First publication on J/Psi
suppression and Z production
in HT 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.)

O<centrality<1 J L=5 pb’1

Atlas Preliminary

» Data 2010
[JW—pv
Background

70 80 90
p! [GeV]

<+-Data 2010, stat.& fit uncertainty

[ |Total uncertainty
Atlas Preliminar

J L~5ub’ \[Spp.pp=2.76 TeV.

0203040506070809 1
1-centrality




Standard Model highlig

* 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

TGC vertex

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

» Benchmark processes for the understanding
of the detector




QCD: Jet results

> 10 Eavr, e s T 3 f *Double Differential Jet cross section vs Pt
& 107! f Lot e T S i .
2 10" ;:—O__.__.__._ D 5::;::;;5:13-"5}:; o/ r'GpIdITy bins, up to |y|—4.4 units
15 . Y a6inoad 1092
%4012 = __‘O‘++++++..+ el § oPt range from 20 GeV 1o 1.5 TeV
Q 0 - _ +_._—l— 6 -.-.—.— 3 . . .
BAE T e, oo we3 [ *~9 orders of magnitude in cross section
© (o S g -.-_'_-- - e . 0
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N py o Inclusive Jet Multiplicity, N,



W/Z measurements

puswmwancll Kinematical distributions are well
BN understood: good agreement Data/MC

Ldt=33pb’ [Jaco
P -zﬂm“

Entries / 2.5 GeV

. Dvow Il Inclusive W-Z cross section and W+/Z cross section ratio

o2}
o
o
=]

ATLAS Preliminary: G:;Ezl:l BR(W — £v) [nb]

] 6.257+0.017(sta) &+ 0.152(sys) £0.213(lum) £ 0.188(acc)
] 4.149 +0.014(sta) = 0.102(sys) £0.141(lum) £ 0.124(acc)
10.391 4 0.022(sta) &0.238(sys) +0.353(lum) +0.312(acc)

it .- BR(Z/y* — €0) [nb], 66 < m,, < 116 GeV
0.945 4 0.006(sta) & 0.011(sys) ==0.032(lum) & 0.038(acc)

50 60 70 80 90 100 110 120
my [GeV]

| IA;TUIESIPreIiminary o 1 o .NNLO prediCTions
consistent with
data

I L dt =33-36 pb”’

—— Data 2010 s =7 TeV)
mmm total uncertainty
exp. uncertainty

: ] ABKNOS Remarkable
oy e HERA success of pQCD

MSTWO8

| ATLAS Preliminary and PDFs
e e e ey By ey By

Entries / 2.5 GeV
i o o
o o o
S S S
o o o

* QCD background always estimated wu‘rh
data driven techniques




Di-bosons cross secti

Measurement of WW, WZ and Wy, Zy 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
Trans. Mass (I*l, E,,;.s) for WW cand. Pt distribution of WZ (111,E,™ss) Candidates

rva +Data ATLAS Preliminary | Lot = 2050b"  \s=7TeV

ATLAS 10@ do COWW
ILdt e CJDrell-Yan
] Diboson
8 events Y ets
el Jtop
T o-stat+sy3t

-4 Data
Owz
OW/Z+X
O Top
[zz

[77] O statssys

Events / 20 GeV

60 80 100 120 140
Y% [GeV]

50 100 150 200 250 300
My (I'T,E™) [GeV]

= 40 fg(stat )+ T(syst )pbRo,, =18 f;(stat ) £ 3(syst ) + 1(lumi ) pb



Top Cross Sectio
 Top production cross section obtained combining
5 different analyses:
e+jets, with b-taging
u+ jets, with b-tagging
ee+jets (w/o b-tagging)
up+jets (w/o b-tagging)

[ - NLDIQCD {pp]l o ATLAS 180 = 18 pb

| EApprox. NNLO (pp) (35 pb™, Prelim.)
““NLOQCD (pp) ¥ CMS158=19pb
-~ Approx. NNLO (pp) (36 pb™", Prelim.) . -2

= CDF

ADO

ep+jets (w/o b-tagging)

| o I I
%

10 82

s(tt) = 180 = 9+ 15 =+ 6
pb

« Top Quark Mass meastired
in The Lep"'on + JeTS Channel. default (1d TMT, R_), p+jets 166.7 £5.0+ 5.0

ATLAS Preliminary - Winter 2011, L|m= 35 pb"
default (1d TMT, R ), e+jets 173.8£6.7+4.38

default (1d TMT, R ), co 169.3£4.0+4.9
2d TMT, e+jets 168.3£6.2+4.3

M, = 169

+ 4.0%x 4.9 GeV

2d TMT, p+jets

2d TMT, comb

1d TMT, KLF, e+jets
1d TMT, KLF, u+jets
1d TMT, KLF, comb
Tevatron July 2010

163.5+6.7+ 4.6
166.1£ 4.6+ 4.4
179.0+43+75
172.0+35+7.5
1748+27+75
173.3+0.6+0.9

+ (stat.) + (syst.)

140 150

190 200

Miop [GeV]




Single Top Cross sect

Nb of candidate events in NN analysis

Single Top production is
a direct probe of the
W-1-b coupling and is
sensitive to New Physics
Events selection:
exactly 1 lepton, 2 jets
(1 B-tagged) and
E,miss>25 GeV

Main backgrounds: - B
MUH‘iJeT, W+ Jets, tt cross section for t-channe

Two analyses: o,su = 66.2pb

— Cut and Count (C’C) Neural Network result Significance
— Neural Network

ATLASPreliminary
4002 jets tag

w
—
o
>
L
D
[13]
o
O
c
(1]
@)

MC normalized to SM prediction

NN output




SM Cross-Section Summa

Main SM cross sections measured by ATLAS

ATLAS Preliminary

J.I_Edt=35—2i{)5pb'1
Ns=7TeV
Theory (NLO)

® Data 2010; (~35 pb’)
O Data 2011: (205 pb')




Cleanest channels for very
low Mass Higgs,

Needs:

— Good di-photon mass resolution

— Determination of primary vertex
— Good Photon Id.

— v/Jet, y/n° discrimination
Need to understand

— Observed CL limit

=xpected CL, M ar14s Preliminary
It 1o

A
t 26 JLdt = 209 pb

oxBR(H—yy)/SM @ 95% CL

[]
125 130 135 140

backgr'ounds with hlgh ‘?’Q +g::§g:glﬁrc]>i\:ver Constrained .Lir-nit
precision with Data Driven E o TaS e
techniques 2 "
— QCD vy production i

-

— y-Jet and Jet-Jet production

No significant excess seen
* New Limit*(4.2-15.8) X s




General purpose, hermetic experiment. Compact fully solenoidal design.
All central tracking and calorimetry inside a superconducting solenoid (B=3.8T)-> Large BL?

A IRON YOKE
Muon System
.E Endcap
A (CSC+RPC)
v - Z -l-l.....-i"""‘I

TRACKN
16 m

Muon System ~J
Barrel (DT+RPC)

12500 tons
07/12/2010 E. Focardi TIPP 2011 29
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Total Integrated Luminosity 2011 (Mar 14 09:00 UTC - Jun 05 22:34 UTC)
0

LHC and CMS operations il

~711pb-1 delivered by LHC and ~648pb-! collected by CMS. CMS data taking
efficiency >91%. We can now record more than 45pb-1/day.

L pb~

600

500

400

300

200

100

700 H

— Delivered 710.76 pb™'
— Recorded 647.89 ph™'

14/ 0%

i
19/04

1
01/04

i
25/05
Date

I
07/05 12/06

Integrated Luminosity/Day 2011 (Mar 14 09:00 UTC - Jun 05 22:34 UTC)

L pb!

30

20

10

— Delivered Max 46.08 pb™'
— Recorded Max 45.10 ph™!

14/ 0%

_________________________________________

...................................

il

i al .
31/03 16/04

|
03/05

|
20/05
Date

05/06

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

G. Tonelli, CERN/INFN/UNIPI



% The challenge for Computlrﬂﬂl-

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 —— —
. . . 50% increase on Tier-2 resources for
time. Factor of 2 in RECO size and 2011

AOD size Larger increase in size and processing
time from pile-up
Resources 2010 T2 Usage by VO
Resource utilization for analysis was ... e T
high in 2010 and increasing f

£ 120%
— Significant increases in Tier-1 and H I | " ‘l i I II “ ‘l “ H
Tier-2 resources are available for § =

2011, but even with these we will have e T TR e R S
to prioritize activities
G. Tonelli, CERN/INFN/UNIPI

ALICE Percantage Use ATLAS Parcantage Use W CME Percentage Use
WLHCh Parcerdage Use  WTotal Percantage Use




The challenge for PhysmsHM_

. Chck carefully the effect on the pile-up on

10°

B prUTOTT)
[0] E Na25 c) ]
basic physics tool and selection criteria. gma;_ o i i
o o Uncertainty B
 An example: search for Black Holes. = g 13T
o 102§ ----- MD=2.5Tev,MB':'=3.oTev,n=2
C -
(] i
>
Data 2011, 185.3 pb i 10f
10" ST: Mult>=2 && NPV>=1 , i
ST: Mult>=2 && NPV>=3
) ~ ST: Mult>=2 && NPV>=5 10'F cus Froiminary
10 ST: Mult>=2 && NPV>=7 3\@ 7oV, 190’ P
. | |
ST: Mult>=2 && NPV>=10 10% 1500 2000 2500 3000 3500 4000
10‘3 — L L L
8 CMS Preliminary  ©) -
o *‘;‘ ik \s = 7 TeV, 190 pb’
1 | Pa 1 i
E I?G‘-.\\ M= "
qﬁ_ F\\ Observed o®
AN Expected o,
e
w
1]

o\~ | 2010,35
10-1_ 3! w_ — pb

'H- s \ ]
s " - .
TTT " L \\‘_ \
- I-\- K 4
RN EEEEE RN N i [ [ — 2011190pb1

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 L,
ST [GeV] 1072000 3000 4000 5000
ST’“'“(GeV)

G. Tonelli, CERN/INFN/UNIPI



> The Standard Model at 7TeV.

o
e
e
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G. Tonelli, CERN/INFN/UNIPI



Pb-Pb collisions in CMS

CMS./| CMS Experiment at LHC, CERN
= i| Data recorded: Mon Nov 8 11:30:53 2010 CEST
| Run/Event: 150431 / 630470

Lumi section: 173

—

G. Tonelli, CERN/INFN/UNIPI
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F RurvEvent 18107611320 30-100% | 0-30% |
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2
A¢ﬂ> 3t Inul <1.6

1
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Pb+Pb Vs,,=2.76 TeV t ] ; ]
.r Ldt=67ub" t

0.22< A, <033

t
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=
s

e
¢'T> (GeVic)

p,, > 120GeVic

P = 50GeV/c
— 20,23 I <16
L; (quenched) jet ﬂiﬁm " 0 &Jtlla(:.f ’ ﬂllﬁ ol tn " m&j_ﬁ - Y 0.2 A 0.3 0w 01 02 AI 03 o4
aadi i eadiny @
AR AR Ml AR g gRsdng] s d

The phenomenon of jet quenching in Heavy-lon collisions is now
described in
detail and fully understood.

The di-jet momentum balance is fully recovered if we consider the
low p; tracks distributed over a wider angular range wrt the jet axis.

G. Tonelli, CERN/INFN/UNIPI



', Observation of Z and W produced in HI

s, e For the first time Electroweak probes
accessible in HI collisions.

WE | Lumi section: 183

o

¢ :
8 5.‘, Ly CMS Preliminary
s, + PbPb data CMS Preliminary F
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% 7TeV pp collisions: new EWK measurementsk
36pb-1and 4% uncertalnty on the Ium|n03|ty

CMS 36pbTat VS=7TeV CMS _ 36 pb at s = 7Tev
T T T T T T T T T | T T T I T T T | T T T | T T T T T
NNLO, FEWZ+MSTWOB prediction NNLO, FEWZ*HSTWI]E predldmn, 60-120 Gev
[with PDF4LHC 68% CL uncertainty] [with PDFALHC 68% CL uncertainty]
W 10.44 + 0.52 nb Z 097+ 0.04nb
W ev (SR Z-ee b
10.48+0.03,, +0.17_,+0.42, . nb 0.992+0.011,,,+0.024_,+ 0.040,, . nb
W v e Z-pu e
10.18+0.03_, +0.16_, +0.41 _.nb 0.968+0.008,.,+0.020__,+0.039, .nb
W — IV (combined) ol Z - Il (combined) o]
10.31£ 002, 0.3, + .41, nb 0.975+0.007 .., +0.019 _, + 0.038,,,, nb
1 [ | 1 | [ 1 [ [ | L1 L 1 L1 [ L L | I PR | Lo | 1 Lo | | L | I
0 2 4 6 8 10 12 0 02 0.4 0.6 0.8 1 12
olpp=2>WX)xB(W—>1lv) [nb] olpp—=ZX)xB(Z—=1) [nb]
4 -
cMs 36 pi*at V5 =7 Tev cws_____ O d6pblatVs-TTeV
num FEWZ+MSTWOS prediction NNLO, FEWZ+MSTWO8 prediction
. + [with PDF4LHC 68% CL uncertainty] . [with PDF4LHC 68% CL uncertainty]
Ratio W+*/W Ratio W/Z 10.74+0.04
1.430.04
Woev, Zoee
Woev ey ’ it
14180008, + 0036 __ 10.560 £ 0.120,,,,+ 0.194
W pv HH v:'n?zﬂ’u trzsml_> N os7 o
1.423+0.008 ,, +0.036 ' T stat = T TS syst
W = v (combined) 1 v:'nﬁi, uznr_u} ! i‘;‘:ﬂ?‘;ine‘“ "
1421+ 0.006_, £ 0.033 ' st =01 syt
L 1 1 1 L L
. ' . 0 2 4 6 8 10 12 14
0 05 1 oy g2 ] Ry =[6xB1W)/[oxB](Z)

R, = [oxBIW")/[oxB]W")
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"JEC; Di-jet Cross Sectlon VW!IIII-

« Non. Pert. Uncertainty

¢

< Background for ‘bump hunting’

Uncertainty on the energy scale &51 17E | ]

0 _CMS Prellmmary o Iyl <05 —Z

depending on p; and n: 3-5% % - sopp! | C OSW<towio) -

—_ - Lt = m 1.0<lyl _ <15(x10)

pr— 10_ CMS prlenlrnllnla|rx’|29 pb1 T T 1 }I|s|-||7 TEV_I E 1012 :: \J'_=7TeV = 1'5<|ylmax<2'0 (x 103) ::

X E =Total uncert, 1 = -k R0 v 20<lyl,<25(x109

>~ 9 — Total MPF E « oA = 5

€ gL particle flow jets +Eh:’t°" f‘i‘?'e = _E LF s

© . —~ Extrapolation ] > 10"+ =

E 7 ;_ Antl‘k-l— 0.5&0.7 = Offset (+1 PU) _; %_.’ il j

§ 6_— ~Residuals _; =’ - =

@ 5 = 5 10°F ]

[ E St i ]

3 4 - —— pQCD at NLO + Non Pert. Corr. 3

L 3 103 F PDFALHC .

S - =u_= =

2 - BT = (e +pTz)/2 QCD-10-025

(7)) 1 R |

2 4 0.2 03 1 >

20 30 100 200 10002000 2 %[to<m_<os SRR I

(GeV) 2 @®  Data (36 pb™ s =7 TeV .

o it B xp. Uncertain anti-k_ R = 0.7 N

¢ Additional test of pQCD r 5 I oo Unemainty T i

8 1.5 __ = = . Scale Uncertainty __

L

LJ
L
[

+ Up to My = 3.5 TeV/c?

I||¢|!

+ Data/theory compatible with
inclusive jet measurement

0.5 —QCD-10 025
02 03 04

M, (Tev/c?)
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“Top cross section combined resulil

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

6 =158+10+16=+6(lumi)pb

CMS Preliminary N's=7 TeV CMS Preliminary

value £ stat, £ syst. £ lum error
Jurminosity)

® CMS combined (36 pb™)
B ATLAS combined (35 pb”)
0 COF
0 Do

CMS combined (prel.)
TOP-11-001 (unct cor. £ lum.)

15810+ 00 + 6
(36 pb7)

o—m

CMS l+jets+btag (prel.)
TOP-10-003

150+ 9+ £ 6
(36 pb7)

168+18+ 1% + 7

CMS dilepton (prel.) w3t
(36 pb)

TOP-10-005

36pb-"

——— Approx. NNLO QCD (pp)

[
3]
&
)
=
z
z
5
[
&
-4

Top Pair Production Cross Section [pb]
T

CMS Il+jets (prel.) 173+ 1443 + 7 10
TOP-10-002 (36 pb”) C / BN scale unc.
I+ NLOQCD (pp)
- R Y A Approx. NNLO QCD (pp)

ATLAS combined (prel.) 180 1_19 tt6 -/ scale urc.

ATLAS-CONF-2011-040 (35 pb7) / Langenteld, Moch, Uwer, Phys. Rev. DBO (2008) 054008

Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054008 | MSTW 2008 NNLO POF

MSTW2008(N)NLO PDF, scale® PDF (909 C.L ) unc. /

| | | | l |J|||||||||||I|IIII|||||||||||||||
0 50 100 150 200 250 300 1 2 3 4 5 6 7 \;— 8
Top Pair Production Cross Section [pb] s[TeV]
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[ J
CMS Preliminary,Ns=7 TeV, L=35.9 pb'

— — 500
2D, u channel 104.1+ 5
2D, e channel TR
BDT,  channel i 89.8 + 404
BDT, e channel 1 592+3%
2D, e+t channel ST 40+ %!
BOT, ey channel E 787128
CMS combination S 836+39

l | | \ \ l
400 S50 0 50 100 150 200

Single Top t-Channel Production Cross Section [pb]

background.

Example of finding tiny signals
with lepton, MET, b-tag and
jets

Two different analyses (cut

based and BDT): three differen

channels.
Very challenging analysis.
c =83.0+29.8+3. 3(Ium|)pb

" CMS 3ﬁ1pb‘
* DO
» CDF
— NLO 5f

o S

10°F

10F

Events

@ngle top @LHC: the challenge of tiny cross sectm“mlm-h

CMS, 36 por /s =7 TeV J

| IR I DL ELELEL LRI L
] * data

— Wt channel

4 CJtW +s ch.
J04

1 Mwbb

- WWce
Jlwe

1 mwalight jets
4 [Jacp

[l Other

o T o T T T Ty

01 08-06-04-02 0 02 0.4 086 08 1
cos 6*

08-06-04-02 0 02 04 0608 1

CMS Preliminary, 36.1 pb"\5 =7 TeV

] o data

1 Mt-channel
1 Os-channel
1 0Otw

] |:|ti

1 EW+light
1@wWe

1 EW+bb

1 BWice

1 MDiboson
- W Z+Jets

1 0aco

BOT output
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Top mass NN

CMS Preliminary, L = 36 pb’

27 ous wpp oy / +| Dilepton channel g ol +
Ii 25 eelej/up events 7 \ — + =+ 2 E - u I?‘“ﬂ
\ | / .E “ntc“) 177!5.!5-—‘1.(5-—‘1-(5 (;(3\//(: E i ‘a .F]‘Ets; ==IE; N
) _ : 3 | -
20 \ | / 'E ol Single-Top
SRV o _ 2| B Tyt
15 el Lepton+jets channel aco

AMWT

] Mtop

=173.1%2.1+2.8 GeV/c? ol

I

Bleq 0] pazpeLon

% 50 100 1“Ilgillihlliilllﬂi 400 450 500

T e’ CMS combination < T o
v, 36 p;]"]al‘\'?".:? oV AT Mtop= 1 73 . 4i1 . giz " 7 G eVlc CMS Preliminary, L = 36 pb'

2

[ eelej/yy events

g —
25__m,np= 175.8+4.9 GeVic? ™ o \ %

Number ot Events

-~ KINDb J{ X/ | 2% precision
1 5 [ Top Quark Mass [GeVic]

[ i
C S+B model - I u jEts
ok B model or
i * LHC is now a top factory and, :
; . will allow soon detailed : 4
100 125 150 175 200 225 250 275 300 | -]

Reconstructed mass [GeV/c?] Studies of top properties. g

KS=1; =082 Fitted Top Mass [GeV]

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

36pb-!

UL T
o | 36pb’ at\Vs=7TeV |
g 150 Z — TT — UThag y
S
a 5 ]
E, 100+ ¢ data —
Lﬁ I ]z
I B ewkst
_ B QcD
50 - —
i yields from fit 7]
00 50 100 150 200

Visible Mass [GeV]
CMS preliminary

9 50_' T 1 T ]
g 40:_ LZ—1T1—8EN N
: L
w —
E * data
Lﬁ O Z-w
B Ewkqi
B ccop
E yields from fit ]
0- il
0 50 100 150 200

e-u Invariant Mass [GeV]

Events / (10 GeV)

Events / (10 GeV)

g

8

10

10°

ZoT i

CMS preliminary

Z — TT — €Thad

* data
[ Z-w

B ewk+t
B QcD

50 100 150

1 ™
~36pb“ai\!§=?TeV 1

yields from fit |

200

Visible Mass [GeV]

CMS preliminary

10°

0

Z—=TT =0

* data
[ Z-w

B Qcp

50
u-i Invariant Mass [GeV]

100 150

1 T
36pb’ ats=7TeV |

B Zy - ]

yields from fit ]

200

A

CMS preliminary 3Bpb’ atVs=7TeV

NNLO, FEWZ+hI-|STWDE [PDF4LH!C 68% CL] (60-1 zlu GeV)
I-I-O-H Z — Tt (combined)

I—I—'-—|—| € + Thad
I—l—-—l——| U + Thag
H—-—H U+ u
H—-—H e+u

Ici Z—ee,uu

| i uncertanty (-4%) not shown
U.5III'I'Il.III1.5III.|2III'2.5

o(pp — ZX) x BR(Z — 1) [nb]

Measurement of the tau id
efficiency - important to
understand the tau as a
discovery tool (Higgs, SUSY
etc)

CMS-EWK-10-013; Submitted to the Journal of High Energy Physics
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S -
@etailed understanding of the t lepton as a tool fHII_

Fake Rate

o(pp = ZX) x B(Z = tt) [nb]

. Factor of >3 improvement ¥ .
. in fake rate for similar -
efficiency .
102 o
- o
- ]
i e m = HPS - W+jets
o m- - HPS-QCDpu
—a— TaNC - W+jets
- = e - TaNC -QCD
PTDR - W+jets
¥ PTDR-QCDy
10-3 E | | | | | |
0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
Efficiency
CMS
1 A3 B T I T T T I T T T I T T T ]
= 36 pb’ at Vs =7 TeV
12F Bl ss%cL. -
- [] 95%cL .
1.1 :: —— central value -
. - 10
1 - —1
09F -
08| —
0 : L . L l i L L 1 E L L L 1 L L . ]
‘5‘6 08 1 1.2 14

Thaa- 1D Efficiency (data/sim)

Events / (5 GeV)

: CMS Preliminary
90;‘ L=184pb"
80t \s=T7TeV
10E ~+ Data
605— -- Wtaunu

x ~-QCD
505_ = Wenu
40 A

. : — Wmunu
20;_ _____

10 i “
~ L L . :

b= ik e .
QO 60 80 100 120 140 160 180 200

MT(ThadsE?iss) [GeV]
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The LHCb Detector optimized o Detolordoapimee ...

for hadronic environment e _
ALICE —
~1 cm i

<>
B o, —
1] 1 2 ] 4
ek ia ‘ |

Demc‘mstrated- be.mance of LHCb
confirms that concept is working

Pr—— ————
= == o e ) =
e ” -
\

\

Event display
(view from top)

0 10 m 20 m
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LHC(b) operation in 2010

Evolution of average number of visible pp-collisions per bunch crossing:

L=n,-L,o n,-p

LHCb design:
L=2-10*;n,~2600 2> <p>~ 0.4

o ] |__Peak Mu over LHC FillNumber | [2010-11-26 06:00:04 |
» maximizes fraction of _ :
n=2.7 - 2010
single interaction bunch crossings BT N,
" pp interactions/crossing
o S — R— T L UVl ||
2010 run: 1_53 ' ..................... SRR SR Wiy ¥ G SR SO
—16-1032 - n = _ Hrll
[=1.6-1032;:n,=344>p_. =2.7 Hlp wey S
> > 6 times nominal! S Kol — S
n=0.4 design
o:. | | » | | |
1200 1250 1300 1350 1400 1450
LHC Fill Number
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High multiplicity events

» high track multiplicity and many
vertices in each collision event

L, -~

n,

> big challenge for detector operation, ==
trigger, reconstruction and analysis

.
1 +

LHCb Event Display

Pﬂr
=%
=
=

=~ 4

7

A

i
///
y/i

23.9.2010 19:49:24
Run 79646 Event 143858637 bld 19




Detector & trigger efficiencies

Efficiency (channels)

80 82 84 86 88 20 92 94 96 98 100 %

—> all detector components ~ 99 % efficient!

2010 Muon trigger (J/y)  Hadron trigger (D)
Data 94.910.2% 60+4%
MC 93.310.2% 66%

—> very high selection efficiencies!

Level -0

High-Level Trigger

30 kHz

HLT2

~3 kHz

Storage:

Global reconstruction

Inclusive selections
u, uttrack, pu,

topological, charm, ¢
& Exclusive selections

-

“nominal”’ event size ~35kB

% 6 June 2011 PLHC 2011

Andreas Schopper 47



Expected integrated luminosity for LHCb in 2011

Introduced luminosity leveling for LHCb > can run at optimal pand L,

Instantaneous Luminosity Updated: 11:40:54

1000 -
—~
"
< 800 .
£ GPD luminosity
o falls-off exponentially
® 600
—
S Luminosity of LHCb levelled continuously
- N E— R — — _'._.
5 2“0 - - e o m f o n e e s e s e s mm o omm s oEm o T .— " — .. ______ i- ..... -

LHCDb design luminosity
n 1 1 1 | 1 1
00:00 02:00 04:00 06:00 08:00 10:00

— ATLAS — AUCE — CMS — LHCb

—> Since end of May running at constant L ~ 3-10°? cm?s™! with p~ 1.5

% 6 June 2011 PLHC 2011 Andreas Schopper 48




Expected integrated luminosity for LHCb in 2011

Introduced luminosity leveling for LHCb > can run at optimal pand L,

LHCD Integrated Lumi over Time at 3.5 TeV | 2011-06-06 06:03:36

150 f— S SR S— — S— — T— T S S S ]

* Delivered Lumi: 239.56 /pb

100 " Recorded Lumi: 209.65 /pb

250

200 |

Integrated Luminosity (1/pb)

180 [ e A
100 [ RN S E— AU S — S S -~ f

i oo rﬂ | | ' ' :
10/03 17/03 24/03 31/03 07/04 14/04 21/04 28/04 05/05 12/05 19/05 26/05 02/06 09/06
Date

- LHCb expects to collect ~1000 pb-! in 2011 (and > same in 2012)
% 6 June 2011 PLHC 2011 Andreas Schopper 49




+ +
B,t > Jy K
Nu 1 1 I03 1
oy t>0.3 ps
> 2000 | HCb 4 P
1800 Preliminary Ngigna = 10049 +106.7
© 1600

Detector performance: mass resolution

Detection of different B species: for B — J/y X with 34 pb! ~ full statistics of 2010

\s =7 TeV Data g = 10.7 £ 0.1 MeV/c?

c~11 Me

5250

5300

5200

5350

JiyK* invariant mass (MeV/c?)

0

A > Iy A
120
o
=
T LHCb
=100} Preliminary ]
Z VS = 7 TeV Data L =33 pb"
— r t >03ps -
£ 80 Ngignai = 226 + 18 7]
E Oy = 9.1+ 0.8 MeVic® ]

6~9 MeV

G P PRI U S S TN S SR N T PR
5400 5500 5600 5700 5800
Mass of A, — J/y A (MeV/c?)

Events/5MeV/c?

0 %
B, - JiyK
T T I T
t>0.3 ps
1000 LHCb

Preliminary Neigna = 3936 + 74.24
800 — \/& = 7 TeV Data G = 8.28 £ 0.15 MeVic? —:
600 ~8 MeV -
400 E
200 ]

5200 5250 5300 5350
JK™ invariant mass (MeVic?)

Events/5MeV/c?

Bl dye
" LHeb $
250 Preliminary Neigna = 877+ 31.59
200 \'s =7TeV Data G = 7.28 + 0.24 MeVi/c?
150 o~7 MeV
100
50

5350 5400 5450
Jhy¢ invariant mass (MeV/c?)

5300

» very low background

» very good mass resolution

(comparable to e"e- machines)
» worlds best mass measurements

Comparison GPDs:
% CMS: 6~16 MeV
% ATLAS: 6~26 MeV

[LHCb-CONF-2011-027]

Channel

M(BT— J/{YKT)
M(B — J/ypK*)
M(B" — J/¥KY)
M(BY — J/e)
M {.-"’Lb —J / L‘U
M(Bl — J/¢mt)

LHCDb mass [MeV/c?]
5270.97 +0.11 (stat) -+ 0.20 (syst)
5270.54 +0.15 (stat) = 0.16 (syst)
5279.61 +0.29 (stat) = 0.20 (syst)
5366.60 + 0.28 (stat) + 0.21 (syst)
5619.49 +0.70 (stat) = 0.19 (syst)

) )

6268.0 +4.0 (stat) £0.6 (syst

PDG [MeV/c?]
5279.17 %+ 0.29
5279.50 = 0.30
5279.50 = 0.30
5366.30 = 0.60
5620.2 + 1.6

=+
6277 X6

% 6 June 2011

PLHC 2011
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Detector performance: proper-time resolution

i

|

Vertex resolution g E prliminary | g 10'F Preiminary
on primary vertex s OF 3 UF .
o Pl B > JwK" | F oL [\ B> JyK
Eu,uasé— | for 25 tracks: 102% wl 1’:["
§004F 0, ¥ 16 um ol JLF
20.035; ¥ 16
E ot urY Hm 1 “h HH
0.025 Uzﬂ?ﬁum LR e B - 10
0,025 LHCD YELO Preliminary J/p K* proper time (ps) JAp K proper time (ps)
uu15:_ ‘ l.';: T TeW Dala :; ; - _
0.0 ;— g? o E_ Ilstlecl:iz-ninary -:;; 10* ;— II=-'I|:Ie(|:il|:'1'|imary
0.005 g ? Vs =7 TeV Data g' E \s =7 TeV Data
O ™30 15 20 2% 30 % a0 g 10 B> J/ R AV Jw A
nTracks " F s Vo @ 102: b 4
1025— g—
0 10; 10;—
» excellent proper time :
resolution of ~50 ps b H Hﬁ Il 3
e N s e 1“‘-2_'”10 2 a4 "s‘.‘.'vs 10 12 14
Jhp¢ proper time (ps) JApA proper time (ps)
Channel LHCD lifetime [ps] PDG [ps]
T(Bf—> JWKT) = 1.689 £+ 0.022 (stat.) + 0.047 (syst.) 1.638 = 0.011
T(BF]—) I K*Y) = 1.512 + 0.032 (stat.) & 0.042 (syst.) 1.525 = 0.009 [LHCb-CONF-
T(B"— JJ0KY) = 1.558 £ 0.056 (stat.) £ 0.022 (syst.) 1.525 = 0.009 2011-001]
rsingle(BY 5 Jhhe) = 1.447 £ 0.064 (stat.) £ 0.056 (syst.) 1.477 %= 0.046
T(Ap — JAOA) = 1.353 + 0.108 (stat.) + 0.035 (syst.) 1.391 %= 0.038

% 6 June 2011
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Detector performance: hadron PID performance

Kaon identification efficiency and miss-identification as function of momentum

14—
& f LHCb
12 Preliminary

Efficienc

06

Data

13_‘ /s = 7 TeV Data
0.8F g

———————
K'— K*: (95.46 + 0.25)%
m— K*: (7.06 + 0.06)%

sl

| N T R

20

40 [:11] 80 100
Momentum GeV/c
_ A, 2 pK ,
% 25 = 5.6183 + 0.0054 GeV/c?
E " LHCb o= 0.0266 + 0.0042 GeV/c?
T - Preliminary \ Vo= 35.2: 6.7
S 20["Ns=7TeV Data >\ A o oag =-0.010 2 0.15
E E -1 A = 0.16=0.19
& 15— 35pb
@ [
10
e
L]
:...|....|......Jl.,..'li.il...i:.,
82 53 5.4 5.5 5.6 5.7 5.8 5.9 6

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

Invariant mass (GeV/c?)

Efficiency

Y

1.2

08

0.6

Events / ( 0.05 GeV/c? )

e ]
LHCb K*— K*: (97.08 + 0.06)% 3
Monte Carlo - k" (6.89+ 0.01)%
Ws=TTeV

= g B

i 'i1-ﬁ

MC

20

40

Momentum GeV/c

A, 2 pm
3oL W, = 5.6206 = 0.0067 GeV/c’
E LHC_b ) o= 0.0285 = 0.0047 GeV/c?
25— Pr_e"mmary Vo = 31.9:7.0
[ V&= 7TV Data A o i = -0.059 = 0.12
20~ 3 5pb-1 A% = -0.036 = 0.21
151~
10 _
C . i
SE 4 .
C ! ; o
C e . | e
SRS R A R I L
82753 54 55 56 57 58 59 6

Invariant mass (GeV/c?)
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Detector performance:
Particle Identification on B->hh

No particle identification = any 2 hadrons!

_ u = 5.2457 + 0.0013 GeV/c?
v F Von = 3268 + 205

S r Bphys

8600__Lch Vin = 281:116

w  [Preliminary Vi W 20242100

2500 Vs =7 TeV Data o= 0.0402 : 0.0017 GeV/c”
- F N c,=-295=14

3, [(35pb™) * ’
£400(— Sy, = 1.712 0.23 c*/GeV

[

>

w

300

B’ > h* h-

200

100

large width

II\\’IIII

ol oa g lais vl ¢sealonpen Powymwla eu playas
5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8
Invariant mass (GeV/c?)

mo

particle 1dentification of 2 ©
BR(B—n'n)=5x 10!

!

'1; u,= 5.2762 = 0.0010 GeV/c?
e LHCb o= 0.02300 + 0.00090 GeV/c®
" Preliminary
5120 Vs =7 TeV Data Vi LR 220
= | + -
2100 BdO _) T T
=
a
@ 80 229423
60 events in 35
. T
I Tk o -1
40 T . .ﬁpb 3

5 g

5 --' L 'I.I.

5.7 5.8

; I5.5I =
Invariant mass (GeV/c?)

particle
1dentification
of 2 Kaons

>

particle
1dentification
of I mrand 1 K

Expectations 2011:

LHCb: 6500 ev./fb!
(CDF: 1100 ev./fb 1)

~160 -
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Detector performance: photon PID

n° reconstruction performance
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Detector performance: muon PID

B‘ 1-1 [T T | LI S B R B -I
= C = J/y from B TIS 2011
D 405 E o Jfy from B TIS 2010
= 5
TE firii 3y : 3 g -
: T - [ ] =~ :
0.95 —f =
F .
09 | Muon ID efficiency —
- measured with ‘tag & probe’ .
0.85 - technique: €=0.9798(6) =
u_a:...l.....I...I...:x103
0 20 40 60 80 100
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High bb-cross section confirmed

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

50
X un-triggered - == MCFM
40} e single-p trigger
+ average — FONLL
do 30
ﬁ error
on theor
(ub) 20 y
10}
LHCb
0 1 1 1
2 3 4 5 6
"

From B’ — D’ X" pv with D° - K-«
total bb cross-section in 4r:

o(pp — bbX) = 284 +20 £ 49 ub
[Physics Letters B 694 (2010) 209]

In perfect agreement with result
from B — J/y X:

o(pp — bbX) =288 4 £ 48 b
[Eur. Phys. J. C 71 (2011) 1645]

Thanks to its excellent detector performance, with ~37 pb! LHCb is already competitive
with Tevatron results based on 6000 pb-!, even though bb cross-section only 3 times higher
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[ EMCal

ToFh
L A "-,_“

T -

2] 2 = tracking & PID

HMPID |

PHOS ITS | TPC)

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

_--"'_-_- T
- ! / i
_= -
e R | i g

Collaboration:

> 1200 Members
> 100 Institutes |
> 30 countries




Detector Status

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

|

Partial installation (2010): r
4/10 EMCAL* (approved 2009)
7/18 TRD* (approved 2002)

I

|

I

3/5 PHOS (funding) R e Nl < | el
|

I

|
i
TN

~ 60% HLT (High Level Trigger .!_

10/10 EMCAL NS : == e
10/18 TRD BN = :

*upgrade to the original setup

......................................




Particle Identification in ALICE

1PC + T TN I e nnnnnnrnnn
(OEdy) DR R e
C O
L K
TOF ] K/p
[ elr
]
HMPID (RICH)
TRD
PHOS, EMCAL
MUON
L | | 1 | \\ 1O 102
0 1 2 3 4 5 p (GeV/c)

= ‘stable’ hadrons (&, 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, A, ¢, (2, D)

¢ Kand A decays beyond 10 GeV
= |eptons (e, p), photons n,n°

¢ electrons TRD: p > 1 GeV, muons: p > 5 GeV, ©t° in PHOS, EMCAL: 1 < p < 80 GeV



Particle Identification

ITS Silicon Drift/Strip dE/dx

£700r 7
PbPb @\sy, = 2.76 TeV &
9600
3 = F 10°
E; 5500 o ALICE performance
x |-
E s E I ITS stand-alone tracks
(- o - -
£ performance 400 : ’P_I;_Pp @\s = 2.76 TeV (2010 data) | 102
<) 300
w
5
| 200 10
©
100
0.5 1 1.5 2 25 3 3.5 4 0 1
-1
Rigidity 2 (GeVic) 10 T momentum [GeV/c]
1 :.?:AA l G
Y= 15000 E;u
. = o —
10 0f
= 14000 4, ¥
0.8 =) - +y Mass: 1.672 GeV
. = 130001 *, o:  0.003 GeV
= o +
| 407 12000F *e
0.6 E - “¢*
= 11000~
0.5 s = -
A ‘ 10000 *s
: *
ALICE Performance 10 - ALICE Performance tov,
15/05/2011 9000L"  29.11.2010 e,
= -y
TOF PID - Pb-Pb,\/5,,=2.76 TeV, min. bias aooo- PDbPb at 2.76 TeV e,
[ [~ -
ozi\l'\'\.‘\l\\‘II\I‘I\\I‘I\II‘\\I\‘\\I\l\\\ll\\\ll\l\l 1 7I\I|I\II‘III\‘I\\Ill\II‘III\|I\II|\II\‘IIII|I\II|
0 1 2 3 4 5 6 7 8 9 10 1.63 1.64 165 1.66 1.67 1.68 1.69 1.7 1.71 1.72

p (GeVic) Mass [GeV]



Anti-Alpha Candidates in Pb-Pb

z-R
Time of flight (sensitive to m/z-ratio): m = —
fy N
4 2 2 2.2 2
< @ >— 47TN2€ Z_(l In 2mc Emamﬂ v _ 6_ _ M) o “He
dx mec2 (522 I? 2 2 7 35 h .
BSOS 20 Three candidates
— = '-;'." - confirmed by TOF
= E‘ﬂ"ﬂ': TR E .9 analysis
Z 550F %; 5 15
E 500/ % ;
L= 450;_ 7 B
T-:':: 400
o 300
% __ -- L] ]
~ = o - -
uj 220 M
= 200F :

1 15 2 25 3 35 4
Rigidity o (GeVic)



Particle Identification in Pb-Pb

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

—
(=]
i)

Central Pb-Pb collisions

- = | pions Pb-Pb (0-10%) || —*—— data <0.5
3 — ly] < 0.5 - global fit | y |
iy - ———— proton signal {gaussian + exponential tail)
2 4 ﬁ ka ons | | e kaon background (fixed shape)
c 10 = P | pion background (fixed shape)
g E g --------------- mismatch background (fixed shape)
w — H 3
L 3 A
3 2 .
10°= ; 1 protons
B _ ‘X - ALICE Performance
102 =— §° ""* "1‘
IS 1
mismatch background R
on the % - level : Protons : 0.95 < p} < 1.05 GeV/c
1_JJL §|J4|="uJJ1L||JJLLllJJlLLLlJJl
-30 -20 -10 0 10 20 30 (P)
n



Combined TPC + ITS tracks

Background/weak decays
excluded via DCA cut to

primary vertex
Tracks within [n| < 0.8

Resolution determined from
track residuals, verified with
cosmics and reconstructed

decay widhts (e.g. K°)

Good resolution already with early

Pb+Pb calibration.

o(p, )P

0.2

0.15

0.1

0.05

Momentum Resolution

ALICE, Pb-Pb, \s,, = 2.76 TeV, |n|<0.8
e TPC-ITS P resolution
fit (p,>1 GeV/c)

& syst.errors

ALICE Performance
22/05/2011

20 40 60 80 100

P (GeV/c)



WA 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 Iayers 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 um (nominal: =11 um)

— 600 ! ] F
é Pb-Pb \LICEEQF’Oé;/f?g;r;ance i o]0 %)
g 500 %j - s jﬁ 5
.'g - Pb-Pb, minimum bias 7 3 F)r()t‘o'] ALICE Performance 7] Same traCking
E 400" + 1 F n |a r 03/10/2010 N ..
g 400 : B e P K 1 precision
= # Data, pions i - F)IC’n #» Data, pions i
[ - m  Data, kaons B o = Data, kaons B I -
-3 300- » ; Enita’pﬁ;?;ons _: Y Iy za:a, :)rotons 7: In pp .and Eb Pb’
: REIDE - ER N R - w1 described in MC,
200_ 1 & MC, protons |-— N O MC, kaons — . I d
: . E éﬂ » : AN o MG, protons | { INCI. Mass dep.
100, iR a 1 F LIS ]
LR T a% 3 B Ea g j
of -
10"

1 1
P, [GeVic] P, [GeVic]



1% Reconstruction in EMCAL

S 1ol T —e— 40-60% Pb+Pb events
) L] polynomial +exponential ft
~ u background +gaussian f t
v 120 ; (90<p _ <11.0) GeVic -
E; 100 [ L EMCal data ]
9 B d‘ .
° @
60 |- E 4
B ALICE perfformance
40 — Pb+Pb \[S\=2.76 TeV —]
- + 2011.05.15 .
20 e * H* "
- # |
0 Ol 02 03 04 05 06 07 08 09 1
L, (GeVic ?)

Reconstruction of m° invariant mass in semi-central Pb-Pb collisions



Counts/ 2.0e+00 MeV/c 2

7° and 1 from Conversions

M, =J2E E (1-cos O, )
Y172 Y172 Y172

x10°
(T T 1T T T T T ‘ T T | T T | T T | T 1T | T T | T T T T T T
— n® >yy—>e'e e'e’  ALICE Performance ]
14— p;” > 0.4 GeVic pp @ 7TeV —
I~ . Data: 9.572e+07 MinBias events ]
19— ]
L * TCO |
10— —
g ]
- [ —
6 ]
4__ L __
2; :.‘ MWW
I I | ‘ L1 11 | I I | ‘ L1 1 1 | I I | | L1 1 | L1 11 | L1 1 | I T | 11 Ii
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w”. 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

— dN_,/dn comparable to HI
=> mini-plasma ?




Charged Particle Pseudorapidity Density

B S
B 0 7.0TeV/0.9TeV B
B = 236TeV/0.9TeV B
Phojet — [ O _
Perugia-0 (320) | . e B
Atlas CSC (306) — . - |
D6T (109) | . o |
MR S ' ALICE 7 TeV:
0 20 40 60

Eur.Phys.].C68:345-354,2010;
ALICE 0.9/2.36 TeV:
Eur.Phys.]J.C68:89-108,2010.

Increase (%)

* Multiplicity increases faster than predicted by models



(Anti)-Proton Production

p/p ratio

Vs [GeV]
|1| |0 T T T 1T ‘|1||02 T T T TT |1||03 T T 1T |1||04
1 i -
0.8 —
0.6 —
* BRAHMS
04l 0 PHENIX | |
% = ALICE o PHOBOS
i s STAR
| | | | | | |
0'22 3 4 5 6 7 8 9 10

7 TeV:

0.9 TeV: 0.957£0.006(stat) =0.014(syst)

0.990+0.006(stat) 0.014(syst)

e Excellent understanding of
material budget is pre-requisite
for p/p-ratio measurement on

the percent level

* Proton cannot be fully stopped
at LHC

e Little room for baryon number

transport over large rapidity

gaps

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



Open Charm from ALICE

NU 9007 T T 6 T T -| |+| L I ) O B L B B ]

S D= Kmn m

Egoo @ =

o 7001 .y =

- C e ]

"0 600F :
2 =
5500

W 400EMean = 1.865 + 0.002 :

300 Sigma = 0.019 + 0.002 -

C Significance (2 6) 15.7 £ 1.3

200 —

- S(20)1183+100

100 B(20)4459+44

:l 1 1 | | 1 1 1 | 1 1 L1 | 1 1 | | 1 | 1 | L1 1 1 | 1 1 1 |:

0 1.7 18 185 19 1.95 2

pPp\'s =7 TeV, 1.25 x 10° events, p® > 2 GeV/c

2.05

Invariant Mass (Kn) [GeV/c?]

Entries/8MeV/c?
o
=4

ppVs=7 TeV, 1.25 x 10° events, p:-‘" >2 GeV/c

Illl\ll‘l\\\‘I\II‘IIII‘I\\I‘I\\I‘llll\l—

D" S K ntnt +

ALICE work in progress

2/06/2010

Mean = 1.870 = 0.001
Sigma = 0.016 = 0.00

;Lﬁ_[ll\‘llll\\ll\l

\\Il\l\‘llll\\l-Tl

Significance (20) 14.8 +1.2
S (20) 506 + 40 +
B (20) 668 = 14

1.7 175 18 185 19 195 2 205
Invariant Mass (Knr)[GeV/c?]

DO =» Kt

D* =» Kttt

Study open charm production in as many channels as possible




) First Measurements in
1= Heavy-lon 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 dN_ /dn
— dN_/dn = 1599 t 4 (stat.) £ 80 (syst.)

— constrains / rules out models

— 100 times cold nuclear matter density
— ~3 times the density reached at RHIC

(€ = 15 GeV/fm?3)

Characteristics of Central Pb+Pb Collisions at 2.76 TeV

(dN,,/dn)/(0.5N_ )

ey
o
T ‘ T T

® AA(05%)ALICE  / ppNSD ALICE

B AA(0-5 %) NA5O © pp NSD CMS

4 AA(0-5%) BRAHMS  # pp NSD CDF

* AAD-5%)PHENIX ¢ pp NSD UAS5 oc §O15
1 AA(0-5 %) STAR * pp NSD UA1

¥ AA(0-6%) PHOBOS x pp NSD STAR

e Volume and lifetime from HBT

interferometry
ﬂ/"‘- 400_ T T T T T T T T T T T T T T T T T T T
£ r A EB9527 3338 43GeV
€ 3500 A NA4987,125 17.3 GeV
§ [ W CERES17.2Gev
@ 300- * STAR 200 GeV
2 r O PHOBOS 624,200 GeV
'I'g 250 ®  ALICE 2760 GeV
© 200t :
150% gﬁ z ]
1000 & ]
K Volume
50 ]
%m0 o0 00 2000

<dN_fdn>

T, (fm/c)

A Egos
120 A nado

B CERES 3
10[ % STAR b

O PHOBOS
gl ® ALCE

28
6 i
al Fe ]
) Lifetime §
0 L 1 1 1 l l
0 2 4 6 8 10 12 14

<dNJdn>"

- Freeze-out volume
~ 300 fm3

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

- Lifetime until
freeze-out ~ 10 fm/c



) Particle Production in Pb-Pb:
-~ Elliptical Flow v2

PRL 105, 252302 (2010)

- ] 7
C | @ 10%20% . [i] ]
azf- |1 e semi-central § ¥ -
- | A 30%a0% qﬁ) -]
a— B 10%209%(STAR) ¥ é ]
- | 20%30%(STAR) ® ALICE -
g‘ C D30"/u-40%(5'l‘AR)F - —— ~ f ¥ STAR .
o5 o 1 T >\l --------------------- & PHOBOS —
L s W v i ]
= oo O PHENIX ]
oy e u NaB E
= ] © CERES
oo + E877 —
E * EOS 7
- R I 1 s ES -
(0] 1 2 3 a 5 Y FOPI ]
1 D o o} o o g o
@Y

* Collective behavior observed in Pb-Pb collisions at LHC (+0.3 v,RHC)
—> ideal fluid behavior

* Testing hydrodynamical evolution

* Precision measurement for viscosity/entropy ratio



Physics Objectives for 2011-2012 LHC Run |

Higgs ?

WW Me
Di-top
W/Z + N jets

W/Z Measurements

Di-top Observation

W (& Z) Observation
Di-jets

Min. bias

1 pb-’
Integrat



An example

Prospects for the Higgs Boson
at 7 TeV




CMS & ATLAS Projections Compared

—
-

95% CL Limit on ¢/cgy,

—
<

F’rcuected 95% CL Limit on G/GSM
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Higgs mass, m [GeV/c?]



m Experiments well prepared to exploit
ALL decay channels accessible

m Experiments are cross-checking each
other

m Experiments are preparing to combine
their results




Summar of Prospects

Higgs Boson, if it exists between
masses of (114 - 600 GeV) will
either be discovered or ruled out in
= next two years

I

4 11
]
il
i
i
]
‘1;‘
(4
#
o

i /]

- Decided to run in 2011 and
2012

e S e P

SM nggs Search Prospects (Mass in GeV)
ATLAS + CMS 95% CL 3 o sensitivity | 5 o sensitivity
~ 2 x CMS exclusion
1 fb1 120 - 530 135 - 475 152 - 175
2 fb? 114 - 585 120 - 545 140 - 200
5 fb-1 114 - 600 114 - 600 128 - 482
10 fb-? 114 - 600 114 - 600 117 - 535




...not only searches

m 2010 LHCD results show exciting
prospects for 2011-2012




BY-B? mixing frequency (2) e

Use:
@ per event proper time uncertainties, (ot) = 36 — 44 fs

@ per event mistag rate, e = 3.8 +2.1% (OS only)

“24in L

LHCb preliminary

Js=T TeV

1 = - ]
13 o ~35 Pb = 10— 1
, LHCE preliminary 3 C ]
3 - ~35pb? ]
5 Js=7TeV = 5— B
un I | | I .SI | I I | 1'“ I I I I 1I5 I I I I - ; 11 1 I 111 I 111 I 11 1 I 11 1 I 111 I 11 1 I 11 I_

Am, [pe Y68 962 97 172 i7d i7e 7 8 12

Am,[ps'l

The line at 20.94 indicates the likelihood value evaluated in the limit of infinite mixing frequency

"N Am, = 17.63 + 0.11(stat) + 0.04(sys) ps ™
@ CDF: Ams = 17.77 + 0.10 (stat) + 0.07 (sys) ps~'

(4.6 stat. significance)




Paper submitted to
Search for B, 2 uyu Phys. Lett. B

Observed upper 11m1t ~

90% exclusion _;0 ]

95% exclusion

CLs

0-7 T T T
0.6

0.5}

;.zLHCsz

0.4F

0.2

\\ .- Expected upper limit
3 < L/ 68% of possible experiments
compatlble with expected limi

0 20 30 40 500 60
B(B,—uu) [10° ]

LHCb Today, 37 pb! <43 x10~° <56 x10~°

World best, 6.1 fb! <42 x10”° <51 x10”°
PLB 693 539 (2010)

Preliminary, 3.7 fb-1 <36 x10° <43x10?
Note 9892

DO

CDF



LHC Time-line

2009 Start of LHC

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

LHC shut-down to prepare machine for design

2013/14 energy and nominal luminosity

Run 2: Ramp up luminosity to nominal (103* cm s™'), ~50 to 100
fb"

2017 or 18  Injector and LHC Phase-I upgrades to go to ultimate luminosity

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

~2021/22 Phase-Il: High-luminosity LHC. New focussing magnets and
CRAB cavities for very high luminosity with levelling

Run 4: Collect data until > 3000 fb-!

2030 ILC, High energy LHC, ... ?



LHC experiments timeline

LHC schedule harmonized/agreed with the experiments

m Consolidation/incremental upgrades in 2013-2013,
getting more substantial in 2017 (major upgrade for
LHCDb in 20177?)

m Major upgrades in 2021

m 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!

CERN
Z




Lessons learned (my biased view)

Experiments did exceptionally well in term of
m Performances

m Reliability

m 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)

CERN
Z




Lessons learned (my biased view)

m 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)

m Ancillary systems (cooling, power distribution,
connections, data extractions, on detector data
handling) need also a robust rethinking and the
corresponding R&D




In summary

mSo far so good, keep pushing!

m..and hope on the gentleness of
Nature, offering us some early
discovery.

It will be fun to look in retrospective
@ TIPP 2013!

CERN
Z




Thank you!




