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Presentation

I. Introduction

II. Proton-Proton collisions
II1.Differential Inclusive Jet Cross-Section
IV. Electroweak Sector

V. The Higgs Search (this afternoon)

VI.Beyond the Standard Model
in Albert De Roeck’s lecture
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CMS Physics TDR

e I was inspired by the lectures/presentations prepared by
o Beate Heinemann (CERN summer students)
Mohamed Aharrouche (Gomel summer school 2009)
Fabiola Gianotti
Lucia di Ciaccio, Nathalie Besson, Marco Delmastro, Louis Fayard
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Introduction: Fundamental Particles & Forces

Matter

e made out of fermions
Forces

e mediated by bosons

Higgs boson

o breaks the electroweak symmetry
and gives mass to fermions and
weak gauge bosons

All colliders experiments data are
very well described by the
Standard Model (SM) but the
Higgs boson has not been
observed




Introduction: The Standard Model Lagrangian

1 ,_
L = —ZFS’,/F“W + 1Y D gauge sector
+ Yidiv;h 4 hec flavour sector
+ [Dyh|* =V (h) EWSB sector
1
+ MLi)\;’ijhQ or LiA;;N; v mass sector
and beyond’) supersymmetry (many variants)
”' ' extra spacetime dimensions
compositeness
strong electroweak symmetry
breaking
.s.c.>mething new?!




Introduction: What is not described by SM ?

e Where is the Higgs boson?

e SM only account for 20% of the matter in the
e Only matter in the universe; where has anti-matter

e SM can only account for a small fraction of the

universe

gone ?

dark matter

observed CP violation (See M. Pepe’s presentatiRfhaard Model particie masses |

e Hierarchy problem
e And more

number of fermions generations
particles mass spectrum

EW & strong interactions do not unify E 10

inside the SM
SM has no gravity
What is dark energy?
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Hierarchy problem

t W. 7 ‘h‘
f(' | h ~NA
: 7/77 . . ‘* ) 7’17 h - _ h
m2,, ~ (200 GeV)? = m2, tre @
Fine tuniz 9 The Hiqqs
N=10 TeV
V2= (V2-Gp)! = v~246 GeV T
e Why is gravity so weak? |
quage loops s loog
’ MW/MPIaan - 1016 or GF/GNN1032 . 0 - - — « (200 @)
e Free parameter m24t¢ needs to be fine-
tuned to cancel huge corrections
e Can be solved by presence of new M. Schmaltz]
particles at M~1 TeV
v [
- () Gk A,[ e




Introduction

e |LHC was invented in the 80’s to find the Higgs boson and probe the
physics beyond the Standard Model

e CMS & ATLAS were conceived, designed & built to detect everything:
°* € |, Y, jets

o Eqmiss
and reconstruct particles such as
e W&Z, SM Higgs
e SUSY particles (neutralino, Higgsino)
e Compositness
e But, a final state (such as a yy pair) does not come with a label such as
e Higgs
e double bremsshtralung
* Or qq—Yy
e The work consists in identifying the particles, rejecting & measuring the
background



Introduction

e The experimental method follows the successive steps like:
e Understanding of the detector (see Peter Jenni’s presentation for ATLAS)
e Measuring simple variables and comparing them to expectations

e Reconstructing known physics objects such as:
e e |, jets, ETmiss
e pairs of leptons: Z, J/y, Y
e leptons + ExMiss
e top events: leptons+jets+ Er™ss

e Looking outside the fence for new signatures



Usual variables used to describe
events in hadrons colliders

e Transverse momentum pris a Lorentz invariant
e Particles flowing along the beam pipe (6<3°) have pt~0

e Visible transverse momentum is conserved Zipt' ~ 0 >
e Very useful variable
e Longitudinal momentum and energy pz and E
e Particles that escape detection have large pz

e Visible pzis not conserved
e This is not a very useful variable

e Polar angle, rapidity & pseudo-rapidity: 6, y, n
e O is not Lorentz invariant
e y is an invariant

* n =y(M=0)

Pz
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Usual variables used to describe
events in hadrons colliders

e Transverse momentum pris a Lorentz invariant

e Particles flowing along the beam pipe (8<3°) have pr~0 p

e Visible transverse momentum is conserved Zipt' ~ 0 >
e Very useful variable
e Longitudinal momentum and energy pz and E
e Particles that escape detection have large pz

e Visible pzis not conserved
e This is not a very useful variable

e Polar angle, rapidity & pseudo-rapidity: 6, y, n

e 0O is not Lorentz invariant
1 E+p. 0

e VY is an invariant y = _10g n = _10g tan —
e n = y(M=0) 2 Ek-p 2
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Usual variables used to describe

events in hadrons colliders

e Cone AR

e Solid angle often used to define a region around a particle (or a jet of
particle) direction

e Jet reconstruction
e Isolation around leptons, photons,.......

° ETmiss

e Important variable: measures the transverse momentum carried by neutrinos
(or any non interacting particle)

e Very sensitive to noise in the detector

Calo __
== ), Euy
TopoCells




Usual variables used to describe

events in hadrons colliders

e Cone AR

e Solid angle often used to define a region around a particle (or a jet of
particle) direction

e Jet reconstruction AR = \/ AT] ’ + Acpz

e Isolation around leptons, photons,.......
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Usual variables used to describe

events in hadrons colliders

e Cone AR

e Solid angle often used to define a region around a particle (or a jet of
particle) direction

e Jet reconstruction AR = \/ AT] ’ + A(pz

e Isolation around leptons, photons,.......

° ETmiss

e Important variable: measures the transverse momentum carried by neutrinos
(or any non interacting particle)

e Very sensitive to noise in the detector

Calo __
== ), Euy
TopoCells




Collider luminosity ¢

e Luminosity is given by the beam optics:

I — N[)anffrevfyrF
47e, 3

® Nevents = £ X O
e Experiments count the number of events

e ¢ has to be known to be able to measure cross sections
o At first, use ¢ provided by LHC (£10%)

o Dedicated detectors, measuring events from known cross-section will be used, will
ultimately provide a measurement of the luminosity to £2-3%
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The road

Higgs discovery sensitivity (M,=130~500 GeV)
Explore SUSY & NP to m ~ TeV

1000 evts/pb .
SM Precision measurements

Understand SUSY and Higgs background from SM

100 evts/pb More accurate alignment & EM/Jet/ETmiss calibration

Early discoveries

10 evts/pb Initial detector & trigger synchronization,
commissioning, calibration & alignment, material

Rediscover SM processes

Cosmic muons - calibration

Vs=14 TeV

Vs~7 TeV

v

time
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Cosmic muons in ATLAS & CMS







Detector performance

e Detector commissioning is prior to any analysis; ATLAS & CMS have been
running since installed (2006-2008) and have mainly collected cosmic
muons

e Check detector readout & reconstruction softivafe ||| 3
. .. . 2 sk 4 =

e Adjust timing alignment L3 14, g
g f 11 E
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Colliders

Lepton Collider

(collision of two point-like particles) (colhslon of ~50 point-like partlcles)

Hadron collider

AN W/C/‘/ U e

ST i
*%@éﬁ # i
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7x10%2 eV Beam Energy
10¥ cm?s’  Luminosity

2835 Bunches/Beam
10" Protons/Bunch
S~ a ‘.-_'rsmzsmf
\
= B2 >
%&: TeV Proton Proton
e o Bunch Crossing 4107 Hz COIIIdIng beams
‘b Proton Collisions 10°Hz
Parton Collisions ut
"y
0} - z
New Particle Production 10° Hz L}} PP
s - Z
(Higgs, SUSY,....) pe )
L |

Selection of 1 event in 10,000,000,000,000 J. Virdee




From cosmic muons to collisions: LHC

LHC design LHC 2009-2010 Tevatron
Vs 14 TeV ~ 7-10 TeV 1.96 TeV
Number of bunches 2808 40-400 36
Bunch spacing 25 ns 50 ns 396 ns
Energy stored in beam 360 MJ 1 MJ]
Peak Luminosity 10%-10%* cm?s™? 1028-1032 cm2s'! 3-1032 cm2s'!
[¢-dt- one year 10-100 evts.fb! 0.1 evts-fb! ~2 evts-fb!

e With nominal parameters: LHC is a factor ~1000 more powerful than Tevatron
e Energy: Einc = 7 Etevatron
e Luminosity: Livc = 3-30- Ltevatron
e Physics cross sections factor 10-1000 larger
o First collision expected by end of the year
e Vs =900 GeV &7 TeV



Structure of an event

p/P

from T. Sjoestrand



Structure of an event

The hard sub-process

from T. Sjoestrand



Structure of an event

Resonnance decays

from T. Sjoestrand



Structure of an event

Initial state radiation

—

p/P

from T. Sjoestrand



Structure of an event

Final state radiation

»
¢ 4
W+
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"'olnlcwo) ooooooooo
.....
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59/ o \
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S p/P

from T. Sjoestrand



Structure of an event

Multiple parton-parton interactions

from T. Sjoestrand



Calculating a cross-section

Phygu:al CEGSS Parton distribution function o
section Renormalization scale g

\

o( P, Pb) = Z /(Lz'ulwg filz1,pur ) fi(xa, uF) déj(l’lql)Q-US‘.:,UR)‘QQ-#R-#F]-

Short distance cross
SR, section. calculated as
Factorization scale pz -

a perturbation series
1N Og

e Calculations are done in pertubative QCD

e Possible due to the factorization of hard ME
& pdf's
e (Can be treated independently
e Strong coupling (&) is large
e Higher order needed
e (Calculations complicated
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Proton composition

e It is complicated:

e Valence quarks, gluons, sea quarks
e Exact mixture depends on:

o Q% ~(M?+pr?)

e Bjorken-x:

e fraction of the proton momentum
carried by the parton

e Energy of parton collision:

N

S = X1:X2°S
Mx = Vs

27



parton density function: xf{x,02)

LHC vs previous hadron colliders

pdf’s measured in deep-inelastic scattering

2
18 Q’=10000 GeV?
1.6 — up
14 — down
: gluon/10
1.2 — bottom
|
0.8
0.6
04
02
04 3 2 T
10 10 10 10
Factor

1000 for gluinos
40 for Higgs
10 for W’s

proton - (anti)proton cross sections

10% grrrr . ey . —————re — 10
10° 10°
0“ -
10 Tevatron LHC 10
’0‘ | — 10-
10° / 10°
o . 3
10° = - 10° @
o
10° ~1 10° 5
-5 2
¢ Ll = IS o
. - 0) / oL .
10° o lE, > ve/20) [ 10° .:
= - . _— e
= 10 Ow 10 =
o -—
10° - / 10° §
) o, (E,” > 100 GeV) -
10 10" @
° / 10° 3
10* o, 10*
LI AN
104 0'-(k"1 o \:*'l‘-l 10‘
1o* [From(M=120 GeV) ot
200 GeV
10° 10"
500 GeV \
10' al A Aad aaaaal A BB n el A A ‘0°
0.1 1 10

vs (TeV)
(Campbell, Huston, Stirling, hep-ph/0611148)

Cross section at LHC: ~10 x x.s. at Tevatron
New (x,Q?) regime
Gluons play a dominant role at high Q?
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LHC start

LHC should start mid-November 2009 with single beams.
Collisions at v/s=2x450 GeV expected by mid-December
Increase to Vs=2x3.5 - 2x5 TeV

Run for 2010, accumulating ~100 evts/pb

Channels (examples ...)

Expected events in ATLAS after cuts
Js=10 TeV, 100 pb!

L —pp

tt = WbWb—puv+X
QCD jetspr>1TeV
240 m~1TeV

~ 105
~ 5 104
~310°
~ 3 10*
~ 350
~ 500
adt)

Numbers to be scaled
down to Vs=7 TeV

F. Gianotti
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Typical hadron collider detector

|
om

Key:

Muon

Electron

Hadron (e.g.Pion)
'''' Photon

Tracker

Electromagnetic
' ’ "' Calorimeter
v

Superconducting
Calorimeter Solenoid

lron return yoke interspersed

Transverse slice with Muon chambers

theough CMS
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Triggering on events

e First level of triggering (Level 1) is based on
detectors with fast signals: calorimeters
& Muon trigger chambers
e Input rate 40MHz
e Qutput rate 100 kHz
e Custom made HW processors
e High level trigger (L2 & L3) make use of
more detectors & correlations between
them
e Input rate 100 kHz
e Qutput rate ~100 Hz
e PCs & fast switches

-

! i : ! i ;
[HF ] [HCaﬂyECAL] [RPC HCSC DT
energy energy energy hits hits hits

trigger
primitive

segment

Regional

data b, finder
v Cal. Trigger Pattern
DAQ quiet Gomp-
(_‘_J regions arator

track
finder

.
-~
-

-

i 3 Global Muon T )
— obal Muon Trigger
objects v

'"[Global Trigger TTC System I—il L%}kE%be |

track
finder

input Cal. Trigger

Detectors

%_

@ Front end pipelines|

Readout buffers

Ej Sswitching network

| 1

Processor farms

Y

CMS: 2 physical levels

31



Trigger: you get what you ask for

At LHC (Tevatron), the trigger determines
the quality of the physics you can do
(not true at e*e colliders)

The trigger is made of multiple steps (2 in
CMS, 3 in ATLAS)

The possibility to re-configure the trigger, to
adjust it, to implement new algorithm
is probably the key to success

The trigger efficiency needs to be measured
¢ Need for un-biased samples
Triggers were designed for high energy
objects; both ATLAS and CMS have to

adjust their strategy to cope with low
pt events (Minimum Bias)

o e PO 0.9983 x 0.0008
CMS Prellmlnary pl 07002 + 0.0202

p2 0.2035 + 0.0222

>.. T T T T 11711 T T T T TT1T11
8 1__ | | :
Qo .
8 r 1
EO.B:— —:
0.6/ -
4L e/y trigger on 1
0.2k COSmMIC muons 1
0: S ]
10 1 10

E, [GeV]

Cosmic Muons Events triggered by the Muon system
Reconstruct e/y cluster & check that p track is close
Measure the efficiency
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Minimum Bias events

e Inelastic events with no or as little
as possible trigger bias

e Bias depends on the trigger
acceptance of the experiment

10
Ginelastic = 80'85 mb - —— PYTHIAG.214 - tuned
? | eeeeeeees PYTHIAG.214 - default
1 ; s ; ,,,,, PHOJET1.12
S S /A
g i
GSingIe Diffractive T ODouble Diffractive T TNon Diffractive 6 |- PPinteractions
..... SUASand CDFdata i eeestinenninenen
\_ |
21 0] SD ~ 65'75 mb |
° oD | \
) Do Rr : 27 o
Q00 Q00 ¢ %8 0%08 o 10° 10* 10
0 M 0 C())OO% OQ%DO D00 go 00 \s (GeV)
OGD
0 Q0
i 34




MC charged primaries & track p; > 150MeV

Understanding the low prt events

=
2 64
> 1.2
S - ATLAS _+_ |
6.2 | = |
B 1.15
6
5.8 L 1.1
: —— MC charged primaries
— A Corrected newTrackin
5_67 orrected newTracking 1.05
: Ratio: Corrected/MC
5.4 —
j......‘.........................__h__,.......................‘.............== 1
5.2
7\\H‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘0.95
-52.5 2 -15 -1 -05 0 05 1 15 2 25
n
» Reconstructed distribution for non-single

diffractive inelastic events (for pr > 150MeV)

» This can be directly compared to previous
measurements from UA5 and CDF for example.

Summary of systematic
uncertainties

Track selection cuts

Mis-estimate of
secondaries

Vertex reconstruction
Mis-alignment
Beam-gas & pile-up
Particle composition

Diffractive cross-sections

2%
1.5%

0.1%
6%
1%
2%
4%

Total:

8%

35



Underlying Event & Pileup Events

e In proton-(anti)proton interaction,
remaining partons from the
protons produce activity in the
event

e Events produced & triggered in ATLAS
& CMS are the results of multiple
proton-proton interactions

e Number of bunches, protons/bunch,
time between two bunches

“Hard” Scattering

Outgoing Parton

Proton

......
Teay

Final-State
Radiation

Reconstructed tracks
with pt > 25 GeV




Inclusive Jet Cross Section

e At LHC, the dominant process is pp—gluon-gluon
o ATLAS-CMS will trigger on single jets with typically Et>15 GeV (pre-scale)

e Large cross section ~ mb trigger pr threshold (GeV) | pre-scale
HLT_L1]et15 15 10000

e Why? HLT Jet30 30 2500
e Jets are contributing to most backgrounds | HLT_Jet50 50 50

. . . HLT _Jet80 80 10

e Direct confrontation of QCD predictions HLT Jet110 110 1

e Ingredients for data

Understand basic detector
performance

e Coherent noise
o Noisy cells

Jet algorithm reconstruction
Jet energy scale

Jet energy resolution
Luminosity

e Ingredients for Monte Carlo
e Higher order corrections

e Non perturbative corrections

e Structure functions
e Renormalisation scale
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Total Cross-section Measurement

e Differential cross section: do/dQ

e Probability of a scattered particle in a given quantum state per solid angle dQ
e e.g. Rutherford scattering experiment

e Other differential cross sections
e do/dEf¢t probabilty of a jet with given Ev¢t
e Integrated cross-section
e 0= [ do/dQ dQ
e Measurement:

Number of
selected evts

Number of
background evt

Selection
efficiency



Differential Inclusive Jet Cross Section

Resolution un-smearing | (o of jets in a bin
correction factor

\

Efficiency:
- jet clean-up
- identification

Luminosity
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Experimental & theoretical uncertainty

> T T T T T T ]
e

= .

© - CMS preliminary Total

g 2__ SISCone R=0.7 - Jet Energy Scale

5 - ly| <0.55 e Luminosity

< B \s =10 TeV ——— Jet Energy Resolution ]|
C B =
o

5 1 |
© - |
b R PRIRPP PP L bl

LL R RIIUITE |

Fractional Uncertainty

o
T

©
\®)
T

CMS preliminary Total
SISCone R=0.7 -~ PDF CTEQ6.5
ly| < 0.55 Non-Pert. Corrections :
Ns=10TeV = Scale (NLO)
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“Measured” QCD jet spectrum

e From first 10pb of data, the
differential inclusive cross-
section can be measured

e 100 GeV < pret < 1.4 TeV
e central rapidity

e Systematic errors will go down as
more events are collected

e Any large deviation from QCD
prediction

o will be studied carefully
e may be sign for new physics

<)

dy (fo/GeV

d’c/dp

10’

10°

10°

10

107

T T T T T T T | T T T | T T T | T T T T T T %

a ——e— PYTHIAQCD 3
= Experimental Uncertainty =
E T\ e PYTHIA QCD + Contact (A = 3 TeV) .
= A PQCD(NLO) =
C LA ]
- * _
= ‘. -
= *) 3
: @) 3
C ) ]

—.‘a
= ) =
= € 3
- 0N\ .
[ CMS preliminary ™* ™. N
§ O N ;
E kT D = 06 ._++ ___________ 7
= \s=10TeV —+- J'Ff =
;JLdt:mpb'1
- |lyl<055 :
E | | | | | | | | | | | | | | | | | | | | | | | | | ‘EI'
200 400 600 800 1000 1200 1400

jetp. (GeV)
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Conclusion on Jet Analysis

e Jets cross-section is high

e Inclusive jets cross-sections will be one of the first measurements made at
LHC

e Requires a good detector understanding
e Prior to any search analysis
o Allows to confront theoretical predictions to data
e Gives a handle on MC
e Essential for further background prediction
* More detailed & refined analysis than presented here will be pursued
e 1/2/3/multi-jets comparisons
e Angular distributions

42



Identifying leptons

—)
—)
—)

Electrons:
= compact electromagnetic cluster in
calorimeter
= Matched to track
Muons:
= Track in the muon chambers
= Matched to track
Taus:
= Narrow jet
= Matched to one or three tracks
Neutrinos:
= |mbalance in transverse
momentum
= |nferred from total transverse

energy measured in detector

electromagnetic hadronic

. calorimeter
tracking chamber

pronic, muon
Calormeter chamber

—_—

electromagnetic  hadronic

calorimeter

fonte. muon
calormeter chamber

tracking chamber

.

—/—

I

electromagnetic hadronic

calorimeter

1 muon
calorimeter chamber

tracking chamber !
ﬁ\%

=

electromagnetic padronic

‘ calorimeter
tracking chamber

1 muon
calorimeter ~hamber

‘ B. Heinemann| 43



Electroweak Physics

e Current Electroweak theory thoroughly tested (and never “broken™) until
now (LEP, Hera, TeVatron, p & neutron magnetic moments,...)
e Aim at LHC:
e Finally break it!

e Deeper understanding to:
e tighten indirect constraints
e find deviations

e Detector calibration

e Presented today:
o Z&W cross-sections
e TOop mass
e W Mass
e F/B asymmetry
e Associated production of gauge bosons
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Z & W productions

e Z production
e 15-10° evts in one year at
dy¢/dt = 1033 evts/cm?/s
e dq annihilation
® Xq-Xg~ 4-107
e pL=0.5Vs (Xq-X3)

e Z decay
e To 2 energetic fermions of
opposite charge

e 70% are quark pairs

e jet-jet distributions are
dominated by QCD background

e Study lepton pairs: cleaner
e electrons
e muons
e taus

proton

e W production
e 0z~ 10 - ow
e owt > ow (quark content of the
proton)
e W™ peaked at high rapidity; W-
in central rapidity
o W decay

e 32% to one energetic fermion &
one neutrino

e 68% to two quarks
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Selection of Z events

Electron/u trigger pt>10 GeV
Two isolated lepton p{P > 15 GeV

In| < 2.4
M - Mz| <20 GeV

%

Hadronic recoil

/i

35001
)

%000
[ —

l.%SOO
2000
1500
1000

500

Backgrounds
Electron channel:

signal and background fraction are
simultaneously estimated via a fit that
leads to (8.5+1.5)% of background rate,
with the uncertainty coming from modeling
the shape

Muon channel:

the dominant background is t-tbar and the
total uncertainty on this background is
20%

0

lIlrIAIIIIIIIIIIIIIIIIIIIIl-llll

| ATLAS |
50 po™

I Extrapolated Backgr
B Signal

Il QCD MC stat (x 50)

50 pb!

20 40 60 80
Invariant Mass Mee (GeV)

100 120 140 160 180 200
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Tag & Probe (or FYFMC®) Method

One good electron

o> 15 GV P; > 15 GeV

er” -3 5eno 1 cracks (13-1.6) In| < 2.5, no |n| cracks (1.3-1.6)
! il No requirement on track
glaeilérgiqsg;ﬁéﬁg Srg:)aet:tiheid Electromagnetic properties

> 0.9_| TT T T TT T T TT T T 1T T T TT T T TT T T TT T T TT T T TT T T T_]

g _F ]

2 0.85¢ - =

5 os8f R e o I E

0.75F =

0.7F =

0.65 -

o.e.ii+ *—{'-:E

0.55[ -

0.5 ® Tag & Probe =

0.45F = MCtruth ATLAS

0_4:...|....|....|....|....|....|....|....|....|...:

2 -15 -1 05 0 05 1 15 2

(*) Free Yourself From MonteCarlo
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Selection of W events

One Electron/p trigger pr>20 GeV
Isolated lepton p;'e? > 25 GeV - |n| < 2.4
E/Mss > 25 GeV

Mr > 40 GeV

Backgrounds
Electron channel:

jet fraction estimated with a data driven
method to be (0+4)%, and the W->Tv
with an uncertainty of 3%

Muon channel:

a theoretical uncertainty of 15% is
assumed on t-tbar background, plus a
10% one on the rejection of the
isolation cut that is a total 20% on this
background rate

Events / GeV

10‘5

M, [GeV]
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The detector: measuring Er™iss

e Noisy cells?
e Dead region
e Coherent noise

(] =
g Eﬂk ATLAS 2008 Preliminary, Random Trigger Events
-l Cells, [E>2¢
g 10 = ® data
§ = o M Gaussian noise model
< - % Topoclusters 4/2/0
’b N data
-2 ks .,
10 %J. LAr Cells ‘P‘. Gaussian noise model
- 1, Tae
10° =
10% =
10° =
0

identified as damaged HV cable inducing coherent noise on
the presampler detector: replaced & fixed




Expectations for 50 pb™

Expectations for 1 fb!

/ & W Cross-sections

Number of
selected evts

acceptance x selection
efficiency

Large uncertainty
in early data

Not accounted for
in this table

Process N(x10° B(x107) Axe OAJ/A d¢/e o (pb)
W —ev | 2267004 [ 061092 [[0.215 [0.023 0.02 20520 =40+ 1060
W — uv | 30.04 £0.05 2.01+0.12 0.273 10,023 0.02 20530 =40+ 630
Z — e¢ 2.7140.02 0.23 4+ 0.04 0.246 10.023  0.03 2016 4164 83
Z—upu 2574002 [|0.010+£0.002{] 0.254 | 0.023 0.03 201616+ 76
Process  N(x10° B( <107 Axe O8AJ/A de/e o (pb)
W —ev | 45340021 1.221+0.41 0.215 10,023 0.004 20520+ 9+516
W uv | 60,08 +£0.02| 4.02+0.05 0273 10,023 0.004 20535+ 74480
Z— ee 5424001 0.46+0.02 0.246 1 0,023  0.007 2016+ 44+ 49
Z— uu S.04+001 11 0.0240001 1] 0.254 10,023 0.007 2016+ 4+ 49




Top production

Paire production ot ~ 830 pb

q

'RI2I11012 B 9%

X

i S PEVIVIVE B & i
g

‘ qq—tt~10% ‘ gg—»tENQO%‘

‘ Single top production o ~ 330 pb‘

t-channel Wt channel W* (s-channel)
o ~ 250 pb o ~ 70 pb o~ 10 pb




Top Decays

e In the Standard Model, the decay of top quarks takes place almost
exclusively through the t—+Wb. W-boson decays in about 1/3 of the
cases into a charged lepton and a neutrino and in 2/3 of the cases,
decays into a quark-antiquark pair

Lepton side

osf

Z.

-” \L\

Hadron side

Top Pair Branching Fractions

"alljets™ 46%

g
t+iets 15%
wt 1%
1».:“ 20/0/
C xe 2
‘“\ A% u+jets 15%
U Ao
W ox¢ 15%
"dileptons” "lepton+jets”
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Top Studies

e LHC is sometimes presented as a top factory
e 1 evt/s produced at d¢/dt = 1033 cm2s!
e Top production mechanism
e Production cross section
o Vi
e Spin correlations

e Top properties
e Mass
e Charge

e Decay properties
e EW vertex (V-A), W helicity
e Rare top decays

e Search for new physics with 1 evt/fb with heavy flavours ?

53



Top Pair selection for semi-leptonic channels

Electron Trigger Er>10 GeV
Two isolated lepton p{'*P > 20

Four jets p7et > 20 GeV & three jets p/°t > 40 GeV

E;Mss > 20 GeV

Top: 3 jets with highest p; sum

No b-tag

W constraint £10 GeV for one of the jet-jet comb.

GeV |n| < 2.4

350

300

Number of events / 10.0 GeV

| IR R

TTbar (muon)

TTbar (muon comb.)

Background

L1 lllllllllllllllll

_—

lllllllllllllll

100 150 200 250

WaE FTTeE e FTwws e
300 350 400 450 S00
M. [GeV]

1

Backgrounds

Dominant W+jets

Single top

Z— Il + jets

QCD with fake leptons and E;Mss

Dibosons: WWWZ,ZZ

Combinatorial background
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Top Pair Cross-Section Measurement

n
)

e 2 methods 3
e Maximum likelihood fit on three jet g 200
invariant mass distribution 2 150
e Counting events satisfying selection § -
cuts & then subtracting background % 4

=z

Likelihood method: Aa/a = (7(stat) £ 13(syst) £ 3(pdf) £ 3(lumi))%

100pb!

Counting method: Ac/6 = (3(stat) = 16(syst) +3(pdf) £ (lumi) )%

Likelihood fit Counting method (elec)

Source Electron | Muon | Default W const.
(%) (%) () (%)
Statistical 10.5 8.0 2.7 L
Lepton 1D efficiency 1.0 1.0 1.0 1.0
Lepton trigger cthiciency 1.0 1.0 1.0 1.0
50% more Wjels 1.0 0.6 14.7 9.5
20% more Wjets 0.2 ol 2.9 3.8
L JerTnergy Scale (5%) 2.3 0.9 13.3 :
PDFs 2.5 2.2 2.3 2.5
< ISR/T'SR 8.9 8.9 10.6 RO
~shape of fit function 14.0 10.4




Top Quark Mass Measurement

e Same cuts as before but p¢' > 40 GeV S00F ATLAS prelminary ot vackground]
(calibration) 400 :
e 2 b-tag :
3001~
e Use X? method to reconstruct W mass by ;
minimizing, over all light jets pairs: 2000
' PDG X
9 U[J}‘afj 'OE )— M , (Ejl[l OE H (E))(l OE ) 1005
(= gAY T LA ' -
[ ) (; 2 %50 100 150 200 250 300 350 400
1 ’2 M,, [GeV]
Systematic uncertainty = 2 minimization method | geometric method Tevatron
[ Light jet energy scale 0.2 GeV/% 0.2 GeV/% Miop= 172.4 £ 0.7, £ 105, GeV
b jet energy scale 0.7 GeV/% 0.7 GeV/%
ISR/FSR ~ (.3 GeV ~ 0.4 GeV Myp = 175.0 £ 0.2GeV(stat)
b quark fragmentation <0.1 GeV <0.1 GeV
Background negligible negligible |
Method 0.11t00.2 GeV 0.1t00.2 GeV Systematic error (1fb'1)~ 1 GeV

e]¢



W Mass Measurement

> 2
. . % e M, =4 7z052 | |
W we s iy 2G smHW(l—AR)
b \

M’ logM,

top ?

CDF Run 0/1 e 80.436 = 0.081

DO Runl ——&—— 80.478 £ 0.083

CDF Run I —e— 80.413 + 0,048 \

Tevatron Run-0/I/1l —eo— 80.432+ 0.039 World average: MW — 80399 + 25 Mev

World average (prel.) @& 80.399 + 0.02

OHL G T ATLAS & CMS aims at a measurement of Mw
1 |

80 802 804 806 with a precision of ~10 MeV.

| D@ Note 5893-CONF

m,, (GeV) \
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Measuring Mw

e Aim at 2-10 precision on the energy scale (going from Mz to Mw) i.e.

10 MeV at 50 GeV:
e Electronics noise in strips compartment of LAr calorimeter
~2 ADC counts in the middle compartment
A change of 0.01 degree of LAr or CMS crystal temperature

Effect of empty Bunch Crossings ?
e The protons packets are not uniformly distributed inside the LHC
o Effect of pile-up is different depending on the packet
e Careful treatment of this effect is necessary

e Good tradition in Geneva for “clock-work” skills
e Many (careful) steps have to be taken to reach the goal
e 79 to fix the energy scale at ~ Mz/Mw

e Detector acceptance
o Description of variables by MC (templates)
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Template method

e Use knowledge of Z°
* Mass
e kinematics (ratio Mw/Mz)
e Response parameters
e determined in-situ using Z events
e then used to produce templates of pt¢, tested against the data
e Study shows that Mw is measured with no bias, using this method
e Myt = 80.405 GeV
e My = 80.466 + 0.110 GeV

NR _I TT ‘ T T 1T | LI ‘ T T 1T T T 1T LI T T 1T T T 1T LI T I_ 6‘\
320 ] -~ C
: 1§00 E
300 ] & C ® data
280:— E |_|>J 2000: —— W template from Z best fit | 7]
260/~ — 1500 -
2401 .
- . 1000 -
2201 -] C
2 N R £
7I Ll ‘ Ll 1l | Ll ‘ | | ) | ‘ I | | Ll Ll ‘ ) | | | I ‘ Ll I7 7\ 111 ‘ 111 1 ‘ 111 | | 111 | | 1111 | 1111 | 1111 | 1111 | 1111 11
0.98 0.985 0.99 0.995 1 1.005 1.01 1.0156 1.02 %0 25 30 35 40 45 50 55 60 65 70

, p. [GeV]

ATL-PHYS-PUB-2009-036 | | ATL-PHYS-PUB-2009-036 |
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W Mass Measurement

e Select W candidate events

e Observable sensitive to Mw

e pr leptons W _\/ ] v
e Transverse mass: Mt My = 2p rPr (l—COS A¢)

o Build template for these observables pr(Mw), Mt(Mw)

15 pbl

; 7(m ) QR 2 | YUY I Ty I ----------- Y 1 e e g | I ™y ; 70005 Y I rYY I """" YT TTYTTTY™YY 1 LA B B S S | :
© — ] o L !
O ATLAS — p.(W)=0. nosmearng | ) { ATLAS — P W) =0 00 smeanng ]
w 6000 : 1 =~ 6000 ——— 1
o «« P.IW)20. no smaaring gt E R e p.(W) 20, no smearing ]
- J ' ’ 1
';) 5000 wimem P (W) » 0 with smearing - -g 5000_ wmems PAW) # 0, with smearing _:
€ C 3 o - !
& F 1 5 _F :
b . . -
uj 4000 = = 4000 =
S C 4 - e 4
§ 30001 3 £3000f 3
E_f 1 3 F 3
3 2000} < 2000 =
- . .- -
- - - -
1000k 3 1000- -
b - . -
a)- , , (b)-
4 Al Lhi?fﬂ -AJ sl i | TR Ll Al il .3'*1 Yo a ad
% q
25 30 60 0 50 60 70 80 90 100 110 120

[GeV] m, [GeV] <,



15 pbl

5 My, (stat.)
o M, (scale)
5 M, (resol)
5 My, (tails)
3 My, (eff.)

8 My, (recoil)
5 My (bkg)
5 My, (PDF)

W Mass Measurement

120
110
S
28
14

25

106 61 57
110 110 110
5 5
<28 28 <28
= 14 .
- 200 200
5 3
25 25 25

pr leptons oMy, = 110 (stat) @ 114 (exp.) ® 25 (PDF) MeV

Transverse mass Mr oMy, = 60 (stat) @ 230 (exp.) ® 25 (PDF) MeV
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High Statistic Measurement of Mw

e With 1fb!
e 45 10°% W boson per leptonic channel
e 4.5 10° Z boson per leptonic channel
e Examples of systematic studies:

e Experimental
e Lepton energy scale, linearity, resolution
e Reconstruction efficiency
e Theory
e W distribution, y¥, ptW
e FSR
e Environment
e Underlying event
e Pile-up
e Background
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W Mass: Ultimate Measurement

Theoretical model Ty 0.5
Yw 1
Py 3>
QED radiation <1
Lepton measurement <_linearity and scale - 4>
resolution 1
efficiency 3(e) <1 (u) >
Backgrounds Wowov 04
Z—1(l) 0.2
L —11 0.1
Jet events 0.5
Pile-up and UE <1 (e); ~0 (u)
Beam crossing angle <0.1
total ~7

One channel (e) and one study (py)



today o(Mw) ~ 0.3%o0
TS

LHC aims at 0.1%o

From Mw to Mhiggs

i
s

80.70

80.60

80.40

80.30

T‘lllll1Tll]’

T T T I T  § T T T
\
\
\
\l
\1
3
™
\
(¢})
e\
£
44 Yy 1‘14 %

] ' || ] | | 1 '

IR T Y B P R ‘
experimental errors 68% CL.: '

LEP2/Tevatron (today)

| W -1

<

w

w

< <.
..L._L_L_.L.. | o o |

SM I ] 1
MSSM 1
80.20 both models
Hcilne.'nc'yn:r, Hollik, Stockinger, Weber, Weiglein 087
160 165 170 175 180 185
m, [GeV]
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Measurement of Ars in Y'/Z decays

Parity violation in neutral currents =

NC __ 713 D em
J“ — J!‘ — S1I 9"'.]“

e-

e+

1 do 3

odcos@® [;i(] Hcos® @) Arp(s)cos 0]

AFrgB

|
= E[O'(COSG >0)—o(cos8 < 0)]

Ars(s) = f(gv'9, ga'9, Q'9) = probe V-A

extraction of the weak mixing angle sin?(6w) !

05 | /

Study Ars at the Z pole, using
forward electrons.

At Tevatron, meast dominated
by statistical error

Systemtatic errors come from
PDF, detector resolution

T Juu > ee

100 200 S00 1C0 200

M. (GeV)

From theory: A = b (a-sin?9 et )
(a = 0.23£0.03 b = 1.8 £0.3)
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Forward-Backward Asymmetry in Z decay

e At LHC: quark direction not known

Acg (%)

- - 1m 1 1 ' 1 1
e take Z direction e cut ATLAS -
] 3
e cut on yz improves the assumption Bk preliminary :
o LSS E
C: central electron(|n|<2.5) 6000~ ’ & =
F: fw electron (|n|<4.9) o E.—r-’“ A+~ correct quark\,\ _:
S ——— C direction ]
15EATLAS — 2000}~ \ ]
47— — -_ -
E_ j:‘ ob- A A | REARSCRSIA R Byl ) _— \_4 1 n
3.5~ e — ey - 0 1 2 3 ) y 5
aF. o 3 (ee)
S < | Forward electron identification important !!
2F -] ~ 0 — — -4
E: 3| Electron channel favored w.r.t. to p channel
SEE. ok 3 | because of the acceptance up to n=4.9
oéﬁﬁ“. VA Tl 6t VA PR
0 0.5 1 1.5 2 25 3 3.5 Bl
y(e‘e‘)
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Prediction for measurement of sinZ0w

Uncertainties Osin2

Energy scale
Reco. Efficiency
Energy resolution

Charge ID
Bkg. subtraction

Statistical error

1.5x10-3
1.9x10-5
1.1x10-6
1.4x10-5
<105

2.4x104
3x10-3

1.5x104

ATLAS preliminary : 100 fb!

Main uncertainty PDF
Conversely can be used to constrain PDF

Average 0.23153 - 0.00016

An

A(P)

A, (SLD)

0.23099 + 0.00053

0.23159 + 0.00041

0.23098 & 0.00026

0.23221+ 0.00029

0.23220 + 0.00081

0.2324 - 0.0012

0.2326 = 0.0019

I
0.232

1
0.236

12 lept
sin ﬁeff p
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qgg'-w" -Wy:WWy
qg'-wW"? —-WzZ : WWwz
2 qq = ZIy" -WW: WWy WWZ
; qq =ZIy"' —=Zy :|ZZy,Zyy
s-channel {-channel
qq = ZIy" -2z :|ZZy,ZZZ
e Diboson production cross-section ey
e expect increase of factor 10 in xs at LHC |
e 10-100 evts in first fb!
e Anomalous charged Triple Gauge Boson Coupling
¢ Self interactions among three gauge bosons
e Deviation from SM
e AQy*=04%-1, Akz=Kz- 1, Aky = Ak, - 1,
A #E0, A\ %0
e Anomalous neutral Triple Gauge Boson Coupling
e neutral TGC forbidden in SM
o fy=0fy=0,f%=0f%2=20
e New Physics control sample

e If no Higgs boson, di-bosons are important to
understand EWSB

e Background for Higgs & New Physics 68

. " Dibosons




Associated production of Gauge Bosons W&Z

osvNO = 55 pb P ]=¢6 U
W._.‘f‘}:’ VvV
g 7 ’ <
AAATAAYATATAY
q’ 27"2 I'=
l 73/ - e u

~F=e |

10

> L L3 | ] LB I T T I L T | TirTrT 1 T T ] 3 F3 | ] L |
& N; w7z 300 pbt CMS -
‘C’:i t Il Z+jets =
> - lZy :
3=) Z. — Zbb | = € U :
D 8- @7z E
o— BB Ubar+jets -
. TR W+jets
2
9 50 60 70 8 9% 100 110 120
M, (GeV)
b T T , ' ]' T T ] ’ ] T KRl X ] YYYY
14— )
12F — 5= S|gnal/\/kag
-99', L

B 689 C.L

!liTlT'llI LI

0
I uminositv (fb-A



Charged di-bosons

/’LV
Ly = i (W WV — W W) i WV + 2 iy
14

e Select WW events
e Electrons: 2 isolated el. (|n]|<2.5) with opposite charges; associate tracks-

clusters, isolation Er<8GeV in a cone AR=0.45 (discriminate WW, ttbar, DY)

Muons: pr>5GeV, isolation Er<5GeV in a cone AR=0.45

Jet veto: Er>20GeV, |Nnjet| <3

Er™Miss > 50 GeV

Mz veto |Mi-Mz|>15 GeV

o Ap(pray, Er™) > 175

v l LS Ll L) ]' L A il r v . v ]' . Bl T ]' L R T T T T
e WW .+ Backgrounds
— All Backgrounds

b ]

[ )

| BERL
b =N
=
b
w0

10

events / 5GeV / 1fb’

O‘,l ]__lJllll[ T rllnnl

=)
[ e

p, () [GeV]
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Diboson rates for 1 fb1

Diboson mode Signal  Background  Signaleff.  og& p-value Sig.
WHW- — efvuFv 34743 64+5 12.6% (BDT) 5.4% 3.6x1071% 274
WHW- — utvu-v 7041 1742 5.2% (BDT) 12.0% 88x10~% 1.3
WHW- — etve v 52+1 1142 4.9% (BDT) 13.9% 1.9x107> 0.1
WHW- — fyi-v 103 43 1742 2.0% (cuts)  9.9% 1.4x10> 155
WEZ — (Eyi+i- 128 +2 1643 15.2% (BDT) 88% 3.0x10-7¢ 184
5342 8+ 1 6.3% (cuts) 13.7% 3.1x1073 114
ZZ — 44 1740.5 2+0.2 7.7% (cuts) 24.6% 6.0x107"2 6.8
ZZ — vy 104+0.2 542 2.6% (cuts) 31.3% 7.7x10~* 3.2
Wy — evy 1604465 11804+£120 5.7% (BDT) 2.5%  significance > 30
Wy — uvy 2166 =88 1340+ 130  7.6% (BDT) 2.1%  significance > 30
Zy—etey 367+12 187419  54%(BDT) 52% 12x107°" 203
Zy— utu-y 751423 429443 11% (BDT) 3.6% 59x10~"7! 27.8

/1



Anomalous couplings

=
Q'J) 102 3 -1 1 fb_l —— Standard Model
) - [ tm N - 1
gp -/ffhl‘k \\z = -0.1
3 ‘ 7 = 0.3
% j \ et AQyp = 04
> 10 E R, '
§ |
S
Al
1
10
10.: 3
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Expectations for TGC Anomalous couplings with ATLAAS

95% CL limit on AC (A=2 TeV) 10 fbr! (~ 10 x better than present CDF 2 fb)

Diboson, Az AKy Ag’{" AKy Ay
WZ,(Mr)  [-0.015, 0.013] [-0.011,0.034]
Wy, (ph) [-0.05.0.02]
WW, (Mr) [-0.035,0.073] [-0.088.0.089]
WW. (LEP) [-0.0510034] [-0.1050.069] [-0.059.0.026]

95% CL limit on AC (A=2 TeV) 10 fb'!

77 —s 000! ff 1€ 1l 74
ZZ — vV [20.009.0.009] [-0.009.0009] [-0.010.0.010] [-0.011.0.010]
[LEP Limit [-0.30, 0.30] [-0.34,0.38] [-0.17,0.19] [-0.32, 0.36]
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Conclusions

e Known processes from SM will be measured at LHC
e Understand detector & machine performance
e Make first comparison with theoretical predictions
e Even with a small integrated luminosity, ATLAS & CMS will be able to make
physics measurements
e Minimum Bias cross-section
e W & Z cross sections, W mass
e Inclusive jet cross sections
e Top
e The ultimate goals w.r.t. to SM measurements require to control the
detector with high precision
e W mass wiyh 0.01% precision
e Triple gauge coupling
e Top properties
e Looking forward analyzing data from the LHC & making measurements
and discovery(ies ?)
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Jet reconstruction

e New developments on jet algorithms

[GeV]
K, R=1
p. [GeV
) 1 [ Cam/Aachen, R=1 |

[GeV]
SISCone, R=1, f=0.75
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anti-k,, R=1 |
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LHC parton kinematics
10

X, = (M/14 TeV) exp(ty)
0E Q=M M=10TeV

L

{1}

10

B

(GeV")

M = 100 GeV

QZ

M=10GeV

fixed
target

10 HERA

"

10
10 w* 1w 1wt 10! 10° 10t 10"
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Jet Energy Scale

1%):hange in Jet Energy

N’
e 0.2
4} B
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S0.15
o +
@ 0.1—
= =
ﬁo E ++—l— +—i— e LS5 +++_|_+
0V T ~
8 L
o =% I +5%
- —+ —+
BAE + + T
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