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Outline of the lectures

1. Introduction
(LHC, detector performance)

2. Test of perturbative QCD
(Jet production, W/Z production, tt production)

3. Electroweak parameters
(my, m,, gauge couplings, ..)

4. Summary of the search for the Higgs Boson (short - C. Mariotti)

5. Search for Physics Beyond the Standard Model
(Supersymmetry, a few other selected examples (short - M. Narain) )

Disclaimer: | will try to highlight important physics measurements and results on searches for new physics.
The coverage is not complete, i.e. not all results available are presented; Results from both general
purpose experiments, ATLAS and CMS, plus a few from LHCb, are shown, but there might still be a bias
towards the experiment | am working on. This bias is not linked to the scientific quality of the results.



The role of the LHC

1. Explore the TeV mass scale

- What is the origin of the electroweak symmetry breaking ?
Does the Higgs boson exist?

- Search for physics Beyond the Standard Model
(Low energy supersymmetry, other scenarios...,)

Look for the “expected”, but we need to be open for surprises

- perform as many searches (inclusive, exclusive...) for as many final states
as possible

2. Precise tests of the Standard Model

- There is much sensitivity to physics beyond the Standard Model in the
precision area (loop-induced effects, probe energy scales far beyond direct reach)
-> precise measurements, search for rare processes

- Guidance to theory and Future Experiments



Two important examples:
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Ultimate test of the Standard Model:

Compare indirect prediction of the
Higgs boson mass with direct
observation
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“The first two years of £HC operation have produced sensational performance: well
beyond our wildest expectations. The combination of the performance of the LHC
machine, the detectors and the GRID have proven to be a terrific success story in
particle physics.” :




The Large Hadron Collider

Beam energy 3.5 TeV (2010/11)
4.0 TeV (2012)
-> 7 TeV (2015)

SC Dipoles 1232, 15 m, 8.33T
Stored Energy 362 MJ/Beam

Bunch spacing 50 ns (25 ns design)




The LHC integrated luminosity

1';_'18 I I I I I I I

ATLAS Online Luminosity

2010 pp Vs =7 TeV
2011 pp \'s =7 TeV
= 2012 pp Vs =8 TeV

—_
~ O

-
o

o¢]

Delivered Luminosity [fb
o

%OI\D-PCD
2

po! o oct
Month in Year

Very rapid rise in luminosity + good machine stability
= high integrated luminosities



Peak Luminosity [10%° cm™ s°1]

Recorded Luminosity [pb 0.1]

The LHC instantaneous luminosity
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Completion of an era: Tevatron

But Tevatron is still in the game:

Accelerator The next

Innovations - W mass liscoveries generation
* First major SC Top quark * Fantastic

synchrotron B, mixing training ground
* Industrial - H 9 bb Precision W and for next

production of SC Top mass > generation
cable (MRI) . » /T MHIggs mass * More than 500
« Electron cooling B physics prediction Ph.D.s

* Produced critical
personnel for the
next steps,
especially LHC

* New RF
manipulation
techniques

Direct Higgs
searches

Ruled out many
exotica

» GRID pioneers
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After a huge effort from many people over a long time,
we arrived at physics analysis

These
lectures

Calibration B} b Yo
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Installation 7 b= 5= »/ e

H. Bachacou
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The ATLAS experiment

Muon Detectors Tile Calorimeter

Liquid Argon Calorimeter » Solenoidal magnetic field
(2T) in the central region
(momentum measurement)

High resolution silicon
detectors:
- 6 Mio. channels
(80 um x 12 cm)
- 100 Mio. channels
(50 um x 400 pum)
space resolution: ~ 15 um

* Energy measurement down
to 1°to the beam line

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker 4 Independent muon
spectrometer

(supercond. toroid system)

Diameter 25m
Barrel toroid length 26 m
End-cap end-wall chamber span 46 m
Overall weight 7000 Tons
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CMS

, 4 Tesla ECAL HCAL
76k scintillating Plastic scintillator/brass

PbWO4 crystals  sandwich

Pixels
Silicon Microstrips
210 m2 of silicon sensors
9.6M channels

Drift Tube Resistive Plate

Chambers (DT) Chambers (RPC) Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)
15



1.2 Detector Performance

Particles

4 .
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hadron s »
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Some bonus slides on

"Important kinematic variables

in pp collisions”
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(i) Rapidity y
Usually the beam direction is defined as the z axis (Transverse plane: x-y plane).

The rapidity y is defined as:

E+p,

=—In
4 )

= tanh™ (&)

E-p, E

Under a Lorentz boost in the z-direction to a frame with velocity

the rapidity y transforms as: Wa? VS tanh'l /J)

Hence the shape of the rapidity distribution dN/dy is invariant, as are
differences in rapidity.
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(i) Pseudorapidity n

1

E+
Rapidity: Y= Eln P

= tanh™ (&)
E

For p > m, the rapidity may be expanded to obtain

E.— D

1 . cos?(0/2) + m?/4p® + . ..
y= =

2 sin%(0/2) + m?/4p? + ...

~ —In tan(6/2) = g

where cos0 = p, /p.

Identities: sinh#n =cot@ , coshn = 1/sinf , tanhn = cos#



Relation between pseudorapidity n and polar angle 6
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(ifi) Distance in n — ¢ space:

¢

Rapidity y: B l/zm[(E+Pz)/(E —Pz)]

Pseudorapidity n: 11~ ~ntan(6/2)

Distance in n-¢: ~ AR= VAN’ +A¢’
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(iv) Transverse Energy

At hadron colliders, a significant and unknown proportion of the energy of the
incoming hadrons in each event escapes down the beam-pipe. Consequently
if invisible particles are created in the final state, their net momentum can only
be constrained in the plane transverse to the beam direction . Defining the
z-axis as the beam direction, this net momentum is equal to the missing
transverse energy vector

miss __ .
missing transverse energy ET — Z pT(Z)

where the sum runs over the transverse momenta of all visible final state
particles.
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(v) Transverse mass (invisible particles)

Consider a single heavy particle of mass M which decays to two particles,
of which one (labelled particle 1) is invisible. The mass of the parent particle can
be constrained with the quantity M, defined by

;M% = [Er(1) + ET(Q)]z — [pr() + PT(Q)J2 Transverse mass
= m} +m3 +2(Er(1)Er(2) - pr(1) - pr(2)]

Wherelgbr()=S Py a3 80000 oo
. . . 10 L W > ev + '
This quantity is called the transverse mass. N 5000 %QCD © .
Its distribution possesses an endpoint < 4000 wo g
at M max =M, - I |
3000 | Ldt=36pb
EATLAS Preliminary 1
Form;=m,=0 - 20007 1
9 ' 1000F .
M3 = 2|pp(1)||pr(2)|(1 - cos 1) 0

o 40 60 80 100 120
m; [GeV]

where ¢; is defined as the angle between "
particles i and j in the transverse plane. my = \/2PT(€)ET (1-cosAg)
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Detector performance is impressive: 120
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* Very high number of working channels
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« Data taking efficiency is high (> 94%)

* Impressive reconstruction capabilities for physics S103 28004 26005 2306 2107 18/08
objects (e, v, u, T, jets, b-tagging, E,Mss) Day in 2012

Have been optimized to cope with the ever increasing number of pile-up interactions
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Some performance figures from 2011 data:
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Jet reconstruction and energy measurement

- Ajet is NOT a well defined object 5 e 'l< /
(fragmentation, gluon radiation, detector response) ; ' >'

» The detector response is different for particles § FH '. ,'
interacting electromagnetically (e,y) and for S o ,
hadrons

— for comparisons with theory, one needs to
correct back the calorimeter energies to the
Jparticle level® (particle jet)

Common ground between theory and experiment

* One needs an algorithm to define a jet and to
measure its energy
conflicting requirements between experiment and

theory (exp. simple, e.g. cone algorithm, vs.
theoretically sound (no infrared divergencies))

I
» Energy corrections for losses of fragmentation products \
outside jet definition and underlying event or pileup

energy inside
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Particle Identification in ALICE and LHCb:
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Events / 4 GeV

Data / MC

Measurement of the missing transverse energy E;™Mss

—————T—————
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Resolution of E,™ssand E,™s* as a function of the total
transverse energy in the event calculated by summing
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with the resolution in minimum bias for data taken at
\s = 7 TeV. The fit to the resolution in Monte Carlo
minimum bias and Z->ee events are superposed.
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How well can b-quarks be tagged ?

Jet

Displaced tracks

Decay lifetime T
Ly 7, Secondary vertex
e /

Primary vertex

Q

=

do

7

Prompt tracks

b quarks fragment into B hadrons (mesons and baryons)
B mesons have a lifetime of ~1.5 ps
They fly in the detector about 2-3 mm before they decay

—> reconstruction of a secondary vertex possible
(requires high granularity silicon pixel and strip detectors close to the
interaction point)

—> tracks from B meson decays have a large impact parameter w.r.t. the
primary vertex
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b-tagging performances in ATLAS and CMS:
extremely important for many physics analyses (Higgs, SUSY, SM, ....)
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1.3 Scattering processes at a hadron collider

Dominant hard scattering processes: qq, qg and gg “scattering”

Leading order ...some NLO contributions

Y NCY P
Y o

31



Calculation of cross sections

o = Y [dx, dx, f, (x,,Q") 1, (x,,Q%) G, (X,,%,,,)

ab

Sum over initial partonic states a,b

/o

O, = hard scattering cross section

fi (x, Q%) = parton density function

... + higher order QCD corrections (perturbation theory)
meanwhile available for many signal and background processes !
Huge theoretical effort

which for some processes turn out to be large
(e.g. Higgs production via gg fusion)

usually introduced as K-factors: Kinj = Oy / OpL0
a few examples: Drell-Yan production of W/Z: Knio ~ 1.2
Higgs production via gg fusion: Ky o ~ 1.8 32



Results from HERA on the proton structure

» Large data sets and combination of the two HERA experiments
(H1 and ZEUS) improve the precision on the parton distribution functions

H1 and ZEUS Combined PDF Fit

1 —T—T T T T T
h | | h 1 T T T T TTT I] T T T T T1TT I] T T T T T IrIT [ T %
=T Q =10 GeV? | " Q=10 GeV? 18
—— ZEUS-JETS Fit )
08 . —— HERAPDFO.1 (prel.) 2008
|:| total uncert. 0.8 -
r 1 exp. uncert.
<, Bl e
H1 PDF 2000 [:] model uncert.
xu, =%
0.6 Il exp. uncert. | 2
g8 — -
[ total uncert. 0.6 &
4 20
A |2
I z
0.41- xg (% 0.05) 7 04r s
L N xg (x 0.05) 2
N “_:_,
LN / 12
12
021 \ ] 0.2 g
L xS (x0. 0:) . /' |2
L < &
0 / 2
11 I| 1 1 11111 I 1 1 1111l I| 1 1 11111 || N L . =
10 103 10° 107! 1 10* 10 10~ 10 ! 1
X X

» Very important to reduce cross section uncertainties at hadron colliders;
but still not good enough ..... (~ 10% errors for LHC cross sections)



Q2 evolution following the DGLAP equation

—~ 1.2 —_

> "~

o= MSTW2008 (NNLO) |&=

” "~
1©£=10 GeV?

Distributions of x times the unpolarized parton distributions f(x), where f=u,, d , , ubar, dbar, s, b, g
and their associated uncertainties using the NNLO MRST2008 parametrization at a scale u2 = 10 GeV?

and u? = 10.000 GeV-2.
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Q (GeV)

LHC parton kinematics
10 LB L0 A e D AL S L S AL S R0 e R
X, , = (M/14 TeV) exp(ty)

10°F Q=M

Larnand

M=10TeV
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] 0“
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107 10° 10°
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Graphical representation of the relationship between
parton (x, Q?) variables and the kinematic variables
corresponding to a final state of mass M with
rapidity y at the LHC with Vs = 14 TeV
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Comparison between the Tevatron and the LHC (14 TeV)

LHC parton kinematics Tevatron parton kinematics
R B e B R B B R L o
- + ; L 3
8'_ NfM/M TeV) exp(ty) o M/1.96 TeV) exp(zy) ]
- 108 E Q » M =
10" F g
10° F M=1TeV /-
E N; 10° 3 ”
& M = 100 GeV ) i
— 4| =
10 E 3
o
10° £ 3
10 M=10GeV
3 | ] fixed
- g target |3
10° 10° ! : 1 Y IRTRTRTTY 1
* 10" 10° 10" 10’

For the same masses (e.g. 100 GeV): x-values about 10 times lower atthe LHC
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Example: Drell-Yan production of W/Z bosons

pp - (Z7*)+X at Y=0
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Example: Drell-Yan production of W/Z bosons (cont.)

Rapidity distributions for Z and W* production at LO, NLO, and NNLO
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Note: LHC data will be used in the future to further constrain the parton

densities
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¢ (nhb)

Cross Sections and Production Rates

10° — .
10° — | oy, ' : '
10 F Tevatron  LHC:
10° | :

10° b

10° b

10' b

10"
10° [
10°

10* [

W

—3 10°

LHC is a factory for:
top-quarks, b-quarks, W, Z, ...,Higgs, ...

3
events / se

but other more prominent processes
dominate the production rates:

- Jet production via QCD scattering

SN P - Soft pp collisions

(G ~ 100 mb)
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1.4 Soft proton-proton interactions

“Hard” Scattering

outgoing parton

proton proton

underlying event underlying event

outgoing parton

 First physics at the LHC was dominated by large cross section of inelastic
hadronic interactions

Most interactions are due to interactions at large distance between incoming protons

— small momentum transfer, particles in the final state have large longitudinal,
but small transverse momentum

<p;>= 0600 MeV (of charged particles in the final state) %

* Measurements necessary to constrain phenomenological models of

soft-hadronic interactions and to predict properties at higher centre-of-mass energies
(underlying event, pile-up of minimum bias events at high luminosity, ....)
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Charged particle density versus n

N.,: number of primary charged particles
corrected to particle level, normalized to the number of
selected events N,
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Various Monte Carlo models fail to describe the ATLAS data at both
collider energies = tuning of Monte Carlo parameters needed



Charged particle multiplicities as function of p;

N.,: number of primary charged particles
corrected to particle level, normalized to the number of
selected events N,
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Monte Carlo models also fail to describe the p; spectrum
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Part 2:  Test of perturbative QCD
T
- Jet production Ee‘pL!TKAAE‘NST

- W/Z production

- Production of top quarks

=, derk

e UES. NS NEP
- ﬁ_

WZ->evpuu Candidate

|‘F}|F.!
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It is important to establish the Standard Model reference processes:

- Test of the theory itself

Deviations = evidence for Physics beyond the Standard Model
Important to understand the detector performance

—> understand the so called “Fake” or “instrumental” background,
in particular for leptons (e,u) and E;Mss

Standard Model processes are important background processes for many
searches for Physics Beyond the Standard Model
“Physics Background”

Typical selections require: leptons, jets, E;™ss | ...

- W/Z + jets and tt productions are omnipresent !
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2.1 Jets from QCD production

» Rapidly probe perturbative QCD

in @ new energy regime M
(at a scale above the Tevatron, o fl QCD Jet cross-sections .
large cross sections) " Grmomy

rrrrrr MRST ]

« Experimental challenge:
understanding of the detector
- main focus on jet energy scale
- resolution

~10 events |
with 100 pb1 |

d'“c/dndETIn o (nb/TeV)

A

« Theory challenge:

- improved calculations... Tevatron

(renormalization and factorization L 2 3 4 s
scale uncertainties) E; (TeV)
3 pdf uncertainties A comparison between the Tevatron

and the LHC (14 TeV)
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High p- jet events at the LHC

Event display that shows the highest-mass central dijet event collected during 2010, where the two leading jets
have an invariant mass of 3.1 TeV. The two leading jets have (p+, y) of (1.3 TeV, -0.68) and (1.2 TeV, 0.64),
respectively. The missing E; in the event is 46 GeV. From :
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Run Number: 166198, Event Number: 100726931
Date: 2010-10-05 03:27:52 CEST

The highest jet multiplicity event collected, counting jets with p; greater than 60 GeV: this event has eight. 1st jet
(ordered by p+): pr =290 GeV, n=-0.9, ¢ = 2.7; 2nd jet: p; = 220 GeV, n = 0.3, ¢ =-0.7 Missing E; = 21 GeV,
¢ =-1.9, Sum E; = 890 GeV. 47




Jet measurements

* In principle a simple counting experiment

» However, steeply falling p; spectra are
sensitive to jet energy scale uncertainties
and resolution effects (migration between bins)
— corrections (unfolding) to be applied

« Jet energy scale uncertainty:
CMS: ~1.5- 3% (after two years)
(similar for ATLAS, impressive achievements)

CMS preliminary, L = 4.9 fb" \s =7 TeV
- v ‘[ L . . L2 a2 - |
s # Total uncertainty -
Absolute scale
* Relative scale
« Extrapolation
- = Pile-up, NPV=8
Jet flavor
- Time stability

o

.‘A.Llllllllllkl.....A.

JEC uncertainty [%)]

Anti-k, R=0.5 PF

InMI=O

C . N W d OO N O®O

v wverewy ...ooo'n .:!!f!‘.'ll "".“M
20 100 200 1000

P, (GeV)

104

10

10?

D@ Run I
preliminary
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somewhat larger deviations in the
forward region

- Data are well described by NLO pert. QCD calculations (NLOJet++)

- Experimental systematic uncertainty is dominated by jet energy scale uncertainty

- Theoretical uncertainties: renormalization/ factorization scale, pdfs, a, ...,
uncertainties from non-perturbative effects




(full 2010 data set)
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CMS: include full 2011 data set;
comparison up to 2 TeV (central rapidities)

uncertainties from non-perturbative effects

Data are well described by NLO pert. QCD calculations (NLOJet++)
Experimental systematic uncertainty is dominated by jet energy scale uncertainty
Theoretical uncertainties: renormalization/ factorization scale, pdfs, a, ...,




Invariant di-jet mass spectra

CMS
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Important for: - Test of QCD
- Search for new resonances decaying into two jets (= next slide)
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In addition to QCD test: Sensitivity to New Physics

2 LI
N . g 4 Data _
Di-jet mass spectrum provides large w10 —Ft
P . 3: —e— g*(1000) s=7TeV
sensitivity to new physics s T L sop
—+— (" (2500)
102; -
e.g. Resonances decaying into qq, -
1 10; =
excited quarks q*, .... :
1? \ —
Search for resonant structures in the @“’;AT’”AS e j\_l_'* 3
di-jet invariant mass spectrum
é, 2
1000 2000 3000
Reconstructed m, [GeV]
Y , L=1. s : «< 0.
CDF (Tevatron), L =1.13 fb-' 0.26 < m,.<0.87 TeV

ATLAS (LHC), L =0.000315fb"' exclude (95% C.L) g* mass interval
0.30 <mg.<1.26 TeV
L =0.036 fb': 0.60 <m. < 2.64 TeV
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Include new data at \s = 8 TeV (2012)

* Invariant di-jet masses up to 4.1 TeV
_.2 105 o ' ' ' ' ' ' ' ' I ' ' ' ] '.6' 103 E T T T T T T T T T T T T
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s s=8Te 4 © - 68% and 95% bands .
10°E det=5.8fb 3 10 -
F E SN E
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- 1e N ATLAS Preliminary =
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Reconstructed m, [GeV]
CDF (Tevatron), L =1.13 fb": 0.26 < m..<0.87 TeV

ATLAS (LHC), L =0.000315 fb exclude (95% C.L) g* mass interval
0.30 <m,. < 1.26 TeV
L=0.036 fb": 0.60 <m,.<2.64 TeV
ATLAS (LHC), L=5.8fb", 8TeV: m,. < 3.66 TeV




2.2 QCD aspects in W/Z (+ jet)
production

QCD at work
g & < & <
IaVaVaval IaVaVaval
A% A%
_2OR22

O\ ; O\ ;

antiproton

 Important test of NNLO Drell-Yan QCD prediction for the total cross section

* Test of perturbative QCD in high p;region
(jet multiplicities, p; spectra,....)

« Tuning and ,calibration“ of Monte Carlos for background predictions in searches
at the LHC
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How do W and Z events look like ?

As explained, leptons, photons and missing transverse energy are key
signatures at hadron colliders

— Search for leptonic decays: W —{v  (large P;(f), large E{™ss)
Z — 11

A bit of history: one of the first W events seen;
UAZ2 experiment

W/Z discovery by the UA1 and UA2 experiments at CERN
(1983/84)

&

Transverse momentum of
the electrons

t!
| () Cealrdh cotarimeter

Forward detecters

.. ~N -

ol LS ==l ] |
) 0 40 St st i
£y (GeV)
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W/Z selections in the ATLAS / CMS experiments

> F LI TT 17T TTTT ‘ LI ‘ TT 17T ‘ TTTT ‘ TT T 19
q) | _ ] > £ TTT ‘ L ‘ TTTT ‘ TTTT ‘ TTT 3
G10000— _+_ Daa2010Ns=7TeV) | 8 C —4— Data2010 (5=7TeV) J
0 F [Jw-e 7000 =
3 ot o 0 Ow-s .
E 8000+ I:I Qcd _ > 6000 |:| Qco e 3
= r Wy b= F
L%) I:I . § 5000 |:|w~w E
R 1] C
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2000- E
2000 - F
1000, =
= L e | loesel % S lacanoslocas ]
20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100
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Electrons:

- Trigger: high p; electron candidate in calorimeter

- Isolated el.magn. cluster in the calorimeter

- P>25GeV/c

- Shower shape consistent with expectation for electrons
Matched with tracks

Z — ee
* 76 GeV/c? < m,, < 106 GeV/c?

W — ev
» Missing transverse momentum > 25 GeV/c
* Transverse mass cut M; > 50 GeV

%gooojlwwwwwxHMHWHHMHWHHMH
0] F _ 4 —4— Data 2010 {5 =7 TeV)
0 SOOO?det 36 pb
< 7000
i) r
S 6000
> n
" 5000
4000-
3000:
2000;
1000

I e o |, Te ——
40 50 60 70 80 90 100 110 120
m; [GeV]

M, =\/2-P]{ 15 -(l—cosA¢l"’)

Transverse mass
(longitudinal component of the
neutrino cannot be measured)
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Ingredients for cross-section measurements

Nsig
ot - BR(W(Z) = Lv (£0)) = Wiz)

Awz) - Cw(z) - Lw(z)

« Number of W/Z signal candidates Nsi9 = Nevt — Nback
Estimated background (Physics background, “fake” background,...)

. CW(Z): reconstruction efficiencies, detector effects, ...

. AW(Z): acceptance (usually the final state products are measured in a so called

fiducial region of the detector,
e.g. m coverage of the muon detector, p; threshold of the reconstruction)

This last quantity can only be calculated with Monte Carlo, using theoretical
inputs !!
(N)NLO calculations, parton density functions, ....

- Cross sections for Az = 1 are called *fiducial cross sections”
- Less affected by theoretical / pdf uncertainties...

* Ly :integrated luminosity

S7



20

15

number of events / 2.5 GeV

An example: CMS data from 2010:
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Distributions of the missing
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various background components.

e TOr events

passing the Z selection. The data are compared to
Monte-Carlo simulation, the background is very small.
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CMS
W and Z production cross sections at the LHC

Measured cross section values in comparison to NNLO QCD predictions:

CMS 36 pb'at \'s=7TeV CcMS 36pb'at \s=7TeV
T T T I T T T I T T T I T T T I T T T I T T T I T T T T T T T T T T T T T T T T T T T T T T T T T T
NNLO, FEWZ+MSTWO08 prediction NNLO, FEWZ+MSTWO08 prediction, 60-120 GeV
[with PDF4LHC 68% CL uncertainty] [with PDF4LHC 68% CL uncertainty]
10.44 =+ 0.52 nb 0.97 + 0.04 nb
W —ev Fed Z—ee HeH
10.48 = 0.03,, = 0.17 = 0.42,,; nb 0.992 = 0.011,,, = 0.024 =+ 0.040,, . nb
W — uv bod Z—uu HeH
10.18 + 0.03, = 0.16 = 0.41,,, nb 0.968 = 0.008 ., + 0.020  , = 0.039,, . nb
W —lv (combined) }oi Z—l (combined) HeH
10.31+0.02,,, = 0.13,, = 0.41,,,, b 0.975 = 0.007 ,, = 0.019 = 0.039,, . nb
— 1
0 2 4 6 8 10 12 —— = —_——
0 0.2 0.4 0.6 08
o(pp = WX) x B(W—1Iv) [nb] (pp—>ZX)xB(Z—>I|) [nb]

Data are well described by NNLO QCD calculations
C.R.Hamberg et al, Nucl. Phys. B359 (1991) 343.

Precision is already dominated by systematic uncertainties
[The error bars represent successively the statistical, the statistical plus systematic and the total
uncertainties (statistical, systematic and luminosity). All uncertainties are added in quadrature.]
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W cross sections at the LHC L

-charge separated, e/u universality

g 35_| T T T T .' .I T T T T I_ CMS 36 pb-1at \|f§=7-|—ev
— ' ATLAS Prellmlnary I Iumi.uncenlainty: +4% I l
> ~ -
‘T I % | GxB(W) — 0.986+0.009,, + 0.028
+
s I | ox B (W*) b 0.982+0.010,,, +0.030,,
z T y 4 - .
o0
-3 . GxB (W) e 0.992+0.010,,, +0.029
o4 . :
i) i det=33-36 pb' 1
L | oxB(2Z) ol 1.002+0.010,,, £0.032,
| @ Data2010Ns=7TeV) total uncertainty
O MSTWO08 —@- sta ® sys RW/Z or 0.981+0.010 - +0.015 .
T A ABKMO9 uncertainty . :
2.5 JR09 68.3% CL ellipse area | R_. HEH 0.990 + 0.0119xp_ +0.023
I 1 1 | 1 1 1 | 1 1 1 | 1 |_ L L |
1.8 2 29 0.6 0.8 1 1.2 14
Ratio (CMS/Theory)

old - BR(W — [¥) [nb]

Good agreement between data and NNLO QCD predictions for all
measurements
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o4, - BR(W*= I*v) [nb]

From fiducial cross sections to total cross sections

Fiducial cross sections Total cross sections
T T I T T T I T T T I T T '—é‘ : ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ :
3.5~ ATLAS . = [ ATLAS ]
> = il
i il — 6.5 -
i ] ! i i
+
I 1 s T ]
o - |
i / 7 28] 6 - i
3+ _ 5% i 4
. F [ f Ldt=33-36pb" |
: fL dt = 33-36 pb”’ - 5.5 7
B ] - @ Data2010 Ns=7TeV) total uncertainty .
| @ Data2010Ns=7TeV) total uncertainty [ O MsTwos —-@-sta® sys @ acc i
O MsTwo8 ~@-sta®sys 5L [ HemaPDF1s uncertainty 7
" [] HERAPDF15 uncertainty i © A ABKMO9 68.3% CL ellipse area |
2.5~ A ABKMO09 68.3% CL ellipse area | L O JRO9 i
| ¢ JRO9 | C 1 1 1 1 1 | 1 1 1 1 | 1 L
1 1 | 1 1 1 | 1 1 1 | 1 1 35 4 45
1.8 2 2.2 of,‘\’,‘- -BR(W — |¥) [nb]

old - BR(W — [¥) [nb]

P(e)>20GeV, n<25
P.(v)> 25 GeV
m+(e v) > 40 GeV



Uncertainties in W/Z cross section measurements

Electron channels (%) w wt W™ Z

Trigger 04 04 04 <0.1
Reconstruction 0.8 0.8 0.8 1.6
Identification 0.9 0.8 1.1 1.8
Isolation 0.3 03 0.3 —

Energy scale and resolution 0.5 05 0.5 0.2
Defective LAr channels 04 04 04 0.8
Charge misidentification <0.1 0.1 0.1 0.6
ERiss 0.8 0.7 1.0 —

Pile-up 03 03 0.3 0.3
Vertex position 0.1 0.1 0.1 0.1
QCD Background 0.4 04 04 0.7
EWK+tt Background 0.2 0.2 0.2 <0.1
CW/Z Theor. uncertainty 0.6 0.6 0.6 0.3
Total Exp. uncertainty 1.8 1.8 2.0 2.7
AW/Z Theor. uncertainty 14 16 1.9 1.9
Total excluding Luminosity 23 24 2.8 33

In addition: luminosity uncertainty *3.4%
(now better known in both experiments, better than +2%



W and Z production cross sections at hadron colliders

a - ®/0 ATLAS/CMSW—1l «eueeew W (pP) —_—
c L m/0 ATLAS/CMS W'— Iy — Wp) o) | @ ATLAS Z4*— Nl eeeeses Z/4* (pB)
— | A/A ATLAS/CMSW—Tv ... W (op) = O CMS Zi*—1I — 2 (D)
-~ e/0 CDFW—(le)v s — 1L ®/© CDF 2z~ eelu
- 10 = m/0 DO W- (e/u)v e T F om0 Zteee
0 e uAIW-Iv e LR C® UAI Zysee 2
T, Uaeweey e e AR * Lo uAl ZHre e
= T e/0 Phenix W (e )y g . < R s
ix W'— N /G~ et - . .
E - et “"ATLAS Prelimi N ATLAS Preliminary
“““““““““ reliminar B Lot
% 1E e e y a | Data 2010 (s = 7 TeV)
T e Data 2010 (\'s = 7 TeV) B
& [T AT T F
Lt S C
««««« o + ~
i J1sf W W W o) - 9 osh
z - 1.
107 = E 1 L % 1
S MSTW2008 NNLO 8 | i i MSTW2008 NNLO S i
C o . 0.95f
T + 68%CL PDF uncertainty : 102 68%CL PDF uncertainty 0.95
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- Theoretical NNLO predictions in very good agreement with the experimental
measurements (for pp, ppbar and as a function of energy)

- Good agreement as well between the ATLAS and CMS experiments




o x B [nb]

CMS
W and Z production cross sections at \s = 8 TeV

« CMS has already presented first results at 8 TeV (the first 18.7 pb)
About 75.000 W - ev and 4.800 Z - ee candidates

CMS Preliminary 18.7 pb™ at s = 8 TeV
| ! ! I ! | T I 1 | T T 1 | I i i | 1 I I ‘ 1 1 I | I I I | I I T
; 833 ;2 EE 33 W+ NNLO, FEWZ+MSTW2008 prediction
10| = CDFRunll W' — [with MSTW2008 68% CL uncertainty]
— O D0 Run I =
- . - 11.04 + 0.04
- v UA1 ]
B Z 7 W-—ev, Z—ee
1 PP _ 10.99+ 0.6, +0.39, FH
= = Wopv, Z-up Held
B u 10.44+0.14,, +0.29
10 | - W-lv, Z—ll (combined) et
- Theory: NNLO, FEWZ and MSTW08 PDFs ] 10.65+0.11,, £0.23,
[ . | e e e ey e
5 7 10 20 0 2 4 6 8 10 12 14
Collider Energy [TeV] Ryz = [6xBR (W) / [ 6xBR ](Z)

- No surprise at the new energy, theoretical predictions in good agreement
with the measurements
- W/Z cross-section ratio remains a bit high, but consistent within uncertainties
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First physics signals with hadronic tau final states

Taus are more difficult to detect

They decay with a short lifetime (0.3 ps) into 1 or 3 charged hadrons (65%) and a neutrino

Taus have to be separated from hadronic jets

o 800F — Do AT
[0) E ® T T
3 EATLAs = - \l/)\lat_a> 2010 (\F 7 TeV) E g2500 Data 201 0 (\f 7 Tev) ]
10 700F- EJ W=, v 3 3 SIW -, v, ]
P c [”””] EW background 3 ‘52000 E EW background —
§ 6001 (1 QCD background (B) 3 [ QCD background (B) 7
2 s00F S g ]
S) £ det=34pb E =>1500 det=34pb .
8 400F- 3 ]
€ ] 1000 =
= 300 E 1
200 3 500 .
<= . N | NS NN RS S
%172 3 4 5 6 7 8 9 10
0 25 30 35 40 45 50 55 60 65 70
Number of tracks
T P, [GeV]
CMS CMS
< LA AL N AL L L B <~ 180T
> I 36pb’ at\s=7TeV | > 36pb’ at\s=7TeV eNS
g 150 |- Z =TT — T,Thaa g 2510 TeThag |
,\@ I ] & 100 _ Y
§ 100 é data - 5 I o data ]
I Z>1t >
1 0 z-1t |
B Ewk+i w B Ewk+i Z 9 16,45
L B aco I B acp |
- h 50 -
: sl : | yields from fit :
00 50 100 150 200 0

50 100 150 200
Visible Mass [GeV]

Visible Mass [GeV]

First tau signals established in both ATLAS and CMS
Important reference signals for searches with taus in Higgs and SUSY areas
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CMS

First physics signals with hadronic tau final states

W21tV 2Tt
LU LU TTTT TTTT T |§| T LU I LU I TTTT I LU TTTT CMS prellminar 36 pb_1 at \/§= 7TeV
: ATLAS i 1 I I ! I I I I | I(:“nlslz I | I I 1 1
ATLASW —tv, H o 4 H'H — ee, up
—t——t— € + Thag
e Data2010 Ns=7TeV) |—|+|——| W+ Thad
—— Stat uncertainty : +
ATLASW — e v, e gysggtaI@L . : S
—— Sys at ® Lumi h—e— e+
---------- Prediction (NNLO) B
Theory uncertainty H—-o—H CMS Z — 1t (combined)
Het DO Run Il 16", 1t + Toae
ATLASW — uv, H-o-H
: H-e—H  CDFRunll0.35fb", e + Ty
IIIIIIIIIIIIIIIIIIIIIIEIIIIIIIIIIIIIIIIIIIIIIIIIII i 1 1 | | | | 1 1 | 1 1 | | I | | 1 1

6 7 8 9 10 11 12 13 14 15 16 0.5 1 1.5

. 2 25
ZX) x BRZ 5 11) / NNL
(W = 1 v) [nb] o(pp = ZX) x BREZ —» 1) / o, (NNLO)

- Good agreement between the measured cross sections in the three lepton flavours

- Experimental uncertainites (Z - tt) already comparable to Tevatron
measurements
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Can the parton distribution functions be constrained?

Sensitive measurements: differential W and Z production cross sections

as function of lepton or boson rapidity, charge separated for W* and W-

LHCb experiment can contribute significantly in the forward region:

1 coverage from 1.9 — 4.9

MCFM LO
C \s=7 TeV
0.4 MSTW2008
. PDFs

" Bothleptons =
inside CMS{Atas—-in—
tx: LHCH, "

NSNS Sl St s A

2 4 6
Lepton Pseudorapidity

MCFM LOV\/s=7 TeV
MSTW2008 PDFs

4 5 6
Lepton Pseudorapidity

Derived quantity: charge asymmetry:

D(y)

o(W*) = o(W") / [o(W7) + o(W)]

Leading order (tree level) contributions to W/Z production

= ul dd
— ¢ — S§

_ — 2 _ =~ 2
> > L > > ‘L
5 5 | W’ 5 5 w
[ — ud s [ — da sC
1.5j - u§ — cd 1.5_— — s — d¢
1 1
|
0.5f 05f
L }
y 0-5 0 5 O5 0 5
y y



dofdn| [pb] §

Theory/Data

dodin) [pb

Theory/Data

Differential cross section measurements
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700~ —
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e EEEERL R
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500 =
. f Ldt=3336pb” W '— IJ'vI ]
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A MSTWo8 ) 7
C — Uncorr. uncertainty b
3001~ o :EIZ\A/IEE Fe |1 Total uncertainty -
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C b e T
1 . 1 [ 5 =] [m] o i
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400 © 70 Q_Qéﬁéﬂﬁ“ =
B —
300~ —
. f Ldt=33-36 pb"" W1y, ]
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C 5 — Uncorr. uncertainty ]
100 o 2;2325” ° |1 Total uncertainty -
L ¢ JRo9 ]
[ P I E T I R
1.1 S T
1
ooF Loy v o ‘
0 0.5 1 1.5 2 2.5
Inll
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o = __
' 800 3 % i LHCDb LHCb,r‘;Z':va W
= 700 & ¢ Datay, o MSTWOS
) £ Datay, *~ o ABKM09
2600 :_ i a\:;—-u'? & JRO9
; - & S bl ¢ " IDatay ™*¥ v NNPDE21
o) 500 = » HERAIS
o = il
400 SE SRR SRR AT TR TR SERL + CTEQ6M (NLO)
300
200
100 p!>20GeVie
0 - PR SR TR TR (T TR T T
2 25

* Rough features of the measured differential

cross sections are well described;
(some tension at intermediate 1 region)

« Data start to be discriminating between pdf

models;

These data will have impact on pdf uncertainties
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W charge asymmetries

IIITIIIIIIIIIIIIIIIIIIII]IIIIIIIIIIIIIIIII]

0.3 \'s=7 TeV - ATLAS+CMS+LHCb- Alne) = dow+(ne) — dow—(ne)
. Frven. ot m O Preliminary- dow+(ne) + dow—(ne)

Pl > 20 GeV

AT T N PN AR

llllllllllllllllllll[ll

-0~ ATLAS (extrapolated data, W — Iv) 35 pb™
-0.1 4~ CMS (W— pv) 36 pb
m LHCb (W— uv)36pb’
0.2 MSTWO8 prediction (MC@NLO, 90% C.L.)
fHHEE CTEQ66 prediction (MC@NLO, 90% C.L.) All data are unfolded
0.3 S22 HERA1.0 prediction (MC@NLO, 90% C.L.) ’
“J. llllllllllllll[lllllllllllllllllllllllllll
0O 05 1 15 2 25 3 35 4 P-(l) > 20 GeV
First LHC combined plot (LHC EWK WG) |Tl

« Combination of the LHC experiments leads to large n coverage
interesting constraints already today

éilgcb
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QCD Test in W/Z + jet production

« CMS inclusive spectra of jets associated to W/Z production (36 pb);
» At detector level, compared to Monte Carlo Simulation (Madgraph + PYTHIA)
(normalized to (N)NLO calculations)

CMS CMS CMS
@ T T T i} E T T T T T T §2] T T T T T T 3
§ - 36 po” at\Vs=7TeV 5 . 36pb’ at\s=7TeV e 36pb” at Vs =7 TeV
3 1°F E* > 30 GeV 310°E E™ > 30 GeV 3 E™>30GeV 3
5 E %S ‘S e data ]
o e data - 5 data el Zos =

& 10 o o} L Zom

£ =R g 3 Worw g B o :
2 [ top [ other backgrounds 5
< [ other backgrounds 2 10t [ other backgrounds 2 .

O s ; . . . — O sF :
=" _+_ = . 1
A 3 1 - =t 8 1 . !
0 1 2 3 4 5 & Sosk | ) , ) , L Sosp . . . ; .
exclusive jet multiplicity 0 1 2 3 4 5 6 0 1 2 3 4 5 6
exclusive jet multiplicity exclusive jet muitiplicity
W - ev W = uv Z = uu

« Good agreement at that stage (jets with p; > 30 GeV),
« Top contribution clearly visible in high multiplicity bins of W + jet production
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W/Z + jet cross section measurements

e e
{% w < {% w < - LO predictions fail to describe the data;
y N - Jet multiplicities and p; spectra in agreement
a J with NLO predictions within errors;
‘C\ .2212229 4()\ | eoreo
\ \ 9
= 103 g T T T T
[0) 5 4 W—lv + jets
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° —®— _ ATLAS
oy 10 I I I I S 107 - SOl g ——
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(0 i v ALPGEN ] T Jéts, x10.2 —x—
2 A SHERPA 103k i s
5 10 E == PYTHIA E .
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fr' - ATLAS 1 10° g'@ =R —— %
S 1o2p X < pr spectrum of 0ol antik; jets, R=0.4
° E leading jet {1 67530 Gev, Iy™i<4.4
det—SG -1 —— . 10'7.g....g....g....g....,....
L =36 pb py . < i . —
. , 'Es' 1 5__W+21 jet i
10 anti-k; jets, R=0.4 g = Q - T + .
F P30 GeV, ly®'I<4.4 —e— Pl _ 7
S f i g Eto=R == .
& < o yAY A .
1E = = 0.5 . . . =
(5 (“ F T T T T
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> > :
S 1 * + ' £ e ST I T ]
8 ’ . X ¥ 3 1%14 Y L :
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Measured by ATLAS using 2010 data sample

W + D jets

Important background for many studies (Higgs, SUSY, top)
Measurements at the Tevatron exceed NLO prediction

— studied W+ 1 jetand W + 2 jets
— require at least one b-tagged jet

Events /0.5 GeV

T
>
=
>
(7))

50
Electron + 2 jets

40

30

20

10

LA B L e
—e— Data 2010,\Vs= 7 TeV_]
N W+b
[ W+c
] W+light
[ multi-jet
B

[ Single top
[ Other EW

det —35pb"

3 4 5 6

Secondary Vertex Mass [GeV]

W>ev +2 jets

Distribution of the mass of the particles
associated to the secondary vertex for

b-tagged jets

- N
[$)] o

(W= Iv += 1 b-jet) [pb]
S

- A Electron Chan. | | ATLAS
- H Electron and Muon Chan. Data 2010,\Vs=7 TeV
" ¥V Muon Chan. p
| — NLO5FNS det =35pb
| ALPGEN + JIMMY

(b-jet from ME and PS)

bo--ee ALPGEN + JIMMY

(b-jet only from ME)

- PYTHIA

i
L1 1

1 jet 2jet 1+2 jet

Results from e and p combined.
Measurements ~1.50 above NLO
prediction, but still consistent within
uncertainties
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Z+Djets

« Important background for many studies (Higgs, SUSY, top)

* Measured by CMS using 2011 data sample

q g Q
q “* DUU<Q q Q g0 Q
2108 T T T
3 CcMS
10° V§=7TeV,L=221b"
> -Cllllllll'llllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID-'
160 .
—— Data ) N _
10* B4 ¢ t CMs ]
=F © 140k Vs=7TeV,L=22fb" ]
10° Bz S .
| S0k Dlelectron sample
10? g E 4 Data E
10 a0 @riets
80 Dciets -
1 - + Hojets ]
60 7
107 C ]
0 1 2 3 401 -
o 5 N3—trackvenex 205_ _E
g 1.\15 - b
% 05 05 1 15 2 25 3 35 4 45 5
o 0= 1 )

Secondary vertex mass (GeV)
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Top Quark Physics

15

t ond 3¢

Genera’tions
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Why is Top-Quark so important ?

:
The top quark may serve as a window
Eloction Neutino | Muon Newno | Tou Neustino to New Physics related to the

- N 6 electroweak symmetry breaking;
Ekx;lon M?m Tou
T Why is its Yukawa coupling ~ 1 ??
M. = Ll v
Tt \/5 t
— ] = M, _
173.9GeV/c”

« A unique quark: decays before it hadronizes, lifetime ~10%°s
no “toponium states”
remember: bb, bd, bs..... CC, CS..... bound states (mesons)

« We still know little about the properties of the top quark:
mass, spin, charge, lifetime, decay properties (rare decays), gauge couplings,
Yukawa coupling,...
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Top Quark Production

Pair production: qq and gg-fusion

> ¢ OCEOTOEE —————— GOCEEEETUTEG
’B@\ t t
0
”}Joaccchchd
/
$()°§> g \
S @JUJJJ)@J \JDDMQEJJUJJJ

>@6€f6ff€@6§<

Top-quark pair production in the Born approximation.

Tevatron LHC
NLO corrections completely known 1.96 TeV | 14 TeV
NNLO partly known
approximate NNLO results: qq 85% 5%
ag 15% 95%
OLHC = (881 33 (%ﬂle) 15 (PDF)) pb (14 TeV), o (pb) 7.0 pb 887 pb

oy = (7.047038 (scale) 7015 (PDF)) pb  (1.96 TeV).

For LHC running at Vs = 7 TeV, the cross section is reduced by a factor of ~5,
but it is still a factor 25 larger than the cross section at the Tevatron
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Top Quark Decays 5\ be ”
BR (t—>Wb) ~ 100% aﬁwﬁ \

Dilepton channel:
Both W’s decay via W— {fv (f=e or u; 4%)

Top Pair Branching Fractions

. “alljets™ 46%
Lepton + jet channel:
; f o - e
One W decays via W — fv (f=e or u; 30%) ot 1%
Full hadronic channel:

Both W’s decay via W—qq (46%) o ‘2’2,:/
e o .
\;*\}f\_ c‘\"lo(%!o u+ets 15%
ere ctiets 15% .
‘dileptons” "lepton+jets”

Important experimental signatures: : - Lepton(s)

- Missing transverse momentum

- b-jet(s)
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First results on top production from the LHC

@ | | | ]
s |  ATLAS  tagged e/u+jets | Event Selection:
w120 ® data _
i L 29pb’  [1ff ] . -
100" W single top - Lepton trigger
Z + jets i . - .
Wejets - « One identified lepton (e,u) with p; > 20 GeV
- QcD g _
77, uncertainty | « Missing transverse energy: E;Mss > 35 GeV
] (significant rejection against QCD events)
40F 7 2
%%A ] « Transverse mass: M- (I,v) > 25 GeV
* One or more jets with p; > 25 GeV and

1 2 3 =4

Number of jets

n<25
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Invariant mass distributions in the I-had channel e T

%1 40;_ " ATLAS Preliminary [u+jets]
GO 120 p
@100:— Ldt.=35pb
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o 60F
Lﬁ : — Model
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Lﬁ 30E —— Model 3

205_ - Background.é

10F 3

0O 200 400 600 800_ 1000

Events / (25 GeV)

Events / (25 GeV)

_
O O O;
|

N N W
o 01 O
| | |

¢ “~+M } F

1 1 1 -
ATLAS Preliminary [u+jets] 3

Ldt=35pb’ 3
3jets/1b-tag -
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Ldt=35pb’ 3
=4 jets / 1 b-tag
—e&— Data
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s
200 400

600 800 1000

Top fractions increase with number of b-tags
Good description for all jet-multiplicity and b-tag combinations
Data are consistent with top quark production with mass of 173 GeV

— 10 T T T T
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o ]
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Top-quark production measured in many different decay modes

(i) Di-lepton selection in both ATLAS and CMS (0.7 fb™' — 1.14 tb")

Multiplicity distributions of b-tagged jets
(small backgrounds, mainly from Z+jet production)

) A e s
= . - ® data

-.g _\\ TT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TT \\_ %000 ;SehAS preellr::‘lrl:laar]rr{’e:s'14 fb1 E:/“\;t _—
¢ | ATLAS Preliminary All channels- - o el B 27T (o) ]
w - 1 e Data ] i E@i,;.f N aco ]
1000 f'— dt=070fb" Mg - 1500 |- Joioner
: Z/Y *+jet3 I | tt signal ]
- Fake leptons | i ]
800 B Other EW ] s i
i 7 i 1000 |- —_
600 ) - " ]
i . ] 500 N
400 . ]

L _ n 7

200 — e 2 F -
: N C(EU 1.5 E_ ........................................................................................................................ -]
T ZOF e E ]
0 1 2 3 =4 205 m vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv _
Number of b-tagged jets © 5 ; .
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b-tagged jet multiplicity
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OS - SS Events

140

120

80

40

20

1001

60

(i) w + 7 final states in both ATLAS and CMS (0.7 fb" — 1.14 fb™")

Require: u + hadronically decaying t, E{™ss + b-jets
(significant backgrounds, but signal contribution needed)

L ATLAS Preliminary * Data

}det=1.osfb"

7’

[] tt—yr, +bb’
ST, diboson |
N Z + jet
W + jet B
tt—Il+bb
M ti—/+jjbb |
uncertainty -
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?

5

ATLAS: Multivariate analysis
Jet multiplicity distribution in signal (left)
and background (right) regions

[ fit— prchad+b-55
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W Z +jet 1
W + jet .
tt—Il+bb

M fi—1+4jjbb

V) uncertainty

BDT, <0.7°

o i
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Jet Multiplicity
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o 60¢ -
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~ I W+jets 7]
- [ Single t

)
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C
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>
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10~ -
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reconstructed mass in CMS
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Top pair production cross section measurements
-likelihood combination of all channels-

ATLAS Preliminary

Data 2011
Channel & Lumi.

Single lepton  0.70 fb”

15 May 2012
Theory (approx. NNLO)
form, = 172.5 GeV

— stat. uncertainty
—— total uncertainty

O; *(stat) £(syst) (lumi)

179+ 4+ 9+ 7pb
173+ 6 14 " 2pb

1

_—
Dilepton 070f" e
All hadronic

1.02f0"

Combination .

167+£18+78+ 6pb

+8
177+3 54 7pb

New measurements
T tjets 167"

T4+ lepton  2.05f"

———— 200+ 19+ 42+ 7 pb

B ]

186+13+20+ 7pb

Al hadronic 168+12 '3+ 6pb
MR | | |
50 100 150 200 250 300 350

o [ob]

CMS Preliminary, \s=7 TeV

CMS e/u+jets
TOP-11-003 (L=0.8-1.1/fb)

CMS t+jets
TOP-11-004 (L=3.9/fb)

CMS dilepton (ee,up,ep)
TOP-11-005 final (L=2.3/fb)

162+ 2+ 5+4pb

(val. £ stat.+ syst.+ lumi.)

CMS dilepton (et,ut)
arXiv:1203.6810 (L=2.2/fb)

CMS all-hadronic
TOP-11-007 (L=1.1/fb)

(@ Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
EZEEE Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030

=3 Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097

I NLOQCD ‘ ‘ ‘

\ |
0 50 100 150 200 250 300

o(tt) (pb)

CMS

o =177 £ 3 (stat) £ 7 (syst) £ 7 (lum) pb

o =165.8 £ 2.2 (stat) £ 10.6 (syst) £ 7.8 (lum) pb

Perturbative QCD calculations (approx. NNLO) describe the data well;
The two LHC experiments agree within the systematic uncertainties
Total uncertainty already at the level of +6%
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CMS Preliminary

cMms, !
® CMS combined 7 TeV (1.1 fb'1) \

= CMS combined 8 TeV (2.8 fb")

@ CMS: new measurement at 8 TeV ! 280

200

@ Lepton + jets and di-lepton channels combined: 150

Approx. NNLG QCD
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™ \ \ \ I

100 \ Scale uncertainty
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MSTW 2008 (N)NLO PDF, 9§% C.L. uncertainty
50||\‘||||||‘|\\|r\|\L|\||‘|||
6 6.5 7 « 75 4 85 9
CMS Preliminary, \s=8 TeV \ . (s (TeV)
s, | . I
i —_ L]
é | = Q - o ATLAS combined 7 TeV (0.7 — 1.1 o) 1 I
- = ® CMS combined 7 TeV (1.1 fb'1) -
_ _ e 2 = B CMS combined 8 TeV (2.8fb ") \ -
CMS I+jets (e/u+jets) 228+ 9+ 5, £10 pb B’ o CDF
TOP-12-006 (L=2.8/fb) (val.+ stat.+ syst. £ lumi.) o DO z
102 =
@ —
CMS dilepton (ee,uu,eu) 227+ 3+11£10pb B
TOP-12-007 (L=2.4/fb) (val. % stat.+ syst. = lumi) B
@ — Approx. NNLO QCD (pp)
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o(8TeV)/o(7TeV) = 1.41 £ 0.11; no correlation assumed
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Top-antitop differential cross sections

Important test of the Standard Model (perturbative QCD), deviations may
indicate new physics

e.g. new particles (resonances) decaying into tt, or other new/unexpected
effects ( > Tevatron charge asymmetry)

Important variables studied: - tt mass distribution
- Rapidity y and p; of the tt system

— T
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ATLAS comparison on detector level shows good agreement in all variables
% (background partially extracted from data)

- not much room left / no signs yet of Physics beyond the Standard Model
(more in the lecture of M. Narain) 85



» Both collaborations have unfolded the detector effects and have extracted
differential cross-section measurements
(normalized to the tt cross section - sensitivity in shapes of distributions)
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