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Abstract

Even if the predictions of the Standard Model of particle physics are validated by the experiments
at the energy currently probed, a deeper understanding and a better measurement of the Standard
Model parameters at higher energy will allow to constrain the theory and search for deviations,
highlighting in the same time signs of new physics. Here is a review of the Standard Model related
analysis foreseen by ATLAS and CMS detectors in the context of the new generation proton-proton
collider LHC.

1 Introduction

The Standard Model of particle physics (SM) has been successfully tested at the energy provided by the
LEP and Tevatron colliders. However, many topics remain unclear, especially the electroweak symmetry
breaking mechanism. The aim of the LHC (Large Hadron Collider) is to cover physics at the energy of
this symmetry breaking mechanism, where evidences of new physics are expected. As we learned from
the Tevatron, hadron colliders are able to perform precision measurements, as soon as the systematics
uncertainties are understood and under control. Then, the LHC will allow to precisely measure SM
parameters in view to :

e have a better understanding of SM, performing precision electroweak measurements and Top
physics studies. Especially, a precise measurement of the W boson mass, the Top mass and the
Weinberg angle can constrain the mass of the Higgs boson and then fix the limits of the SM;

e search for direct and indirect deviation from SM in experimental spectra.

To perform such a physics programme, the LHC proton-proton collider has been designed to reach
an energy equal to /s = 14 TeV in the center of mass of the collision. A first luminosity phase at
10°* ecm~2s~! providing 10 fb~! per year is foreseen to perform the precision measurements. In a second
phase, devoted mainly to new particles searches, the luminosity will reach 103 cm~2s~! providing 100
fb~! of data per year.

2 Experimental framework

Amongst the four detectors on the main ring of the LHC, ATLAS [1] and CMS [2] are two general
purpose physics detectors allowing to study many physics channels related to the precise measurement
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of SM parameters thanks to there high granularity sub-detectors, covering the whole solid angle. Even
if the technologies used by these two detectors are different, they will reach equivalent precision on
measurements.

Thanks to the very high energy delivered by the proton-proton collider, the cross section of the main
physical processes are one or two orders of magnitude larger than at the Tevatron. The LHC will be a
W, Z and Top quark factory what will reduce the statistical error on measurements, which is the main
source of uncertainty at the Tevatron. In addition, the large amount of collected data will also be used to
understand the detector behaviour and control the systematics.

Nevertheless, protons beams are not ideal since protons are composite particles, leading to parton-
parton collisions carrying only a part of the initial beam energy.

3 Precision electroweak measurement

3.1 W mass measurement

LHC expects to measure the W mass with a precision of 15 MeV/c?. To perform this study, the useful
decay channel is W — [v, as at the Tevatron, but the main advantage of the LHC is its production rate :
60 million of reconstructed W per year at low luminosity.

The measurement of the W mass can be performed using several methods :

e the W mass can be assessed from the measurement of the M, /ML ratio : in such a way, the
systematics are small but the use of the Z boson reduces the statistics;

o CMS uses the transverse momentum of the lepton whose spectrum shape is sensitive to the W
mass. This method, which relies on the well known Z boson spectrum shape, is weakly biased
by the pile-up and suffers from the theoretical knowledge of the transverse momentum spectrum
shape of the W boson;

e M}, can be used to assess the W mass at low luminosity. This method, which suffers from the pile-
up, is traditionally used in ATLAS to cope with the unmeasured p). The transverse momentum of
the neutrino is estimated using the measured p’. and the recoil of the W.

In both ATLAS and CMS methods discussed here, the W mass is extracted by a fit of the experimental
shape to Monte-Carlo samples simulated with different values of My .

Table 1 summarizes the different sources of uncertainties on the W mass measurement. The statistical
error is negligible and the systematics come from physics and detector effects reported on the table. At
the LHC, these systematics will be estimated using other physics channels. For example, the PDF are
sensitive to W — eV rapidity distributions (electron and positron rapidity in figure 1). Despite the effect
of the detector, the cross section in function of the rapidity will allow to distinguish between various PDF
sets.

With only one channel of the W decay, the LHC expects to reach a precision on the W mass mea-
surement better than 25 MeV/c? after one year at low luminosity. Combining the channels and both
experiments, the LHC should reach an uncertainty of 15 MeV/c2. A precise measurement of W mass is
one of the challenge of LHC, pushed by the last results from Tevatron which are already very precise
(~26 MeV/c?).

3.2 Weinberg angle

The Weinberg angle will be measured using the Forward-Backward asymmetry (Arp) which occurs in
the angular distribution of the lepton from the Z boson decay due to the parity violation in neutral current.
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source of CDF, Runll, Combined channel LHC [1]

uncertainty 200 pb~! [3] 60 M event, 10 pb~!
Statistics 0 MeV/c? <2 MeV/c?
Lepton scale 17 MeV/c? 15 MeV/c?
Energy resolution 3 MeV/c? 5 MeV/c?
Recoil model 12 MeV/c? 5 MeV/c?
Lepton id. 5 MeV/c?
ph 3 MeV/c? 5 MeV/c?
PDF 11 MeV/c? 10 MeV/c?
W width 7 MeV/c?
Radiative decays 11 MeV/c? < 10 MeV/c?
Background 0 MeV/c? 5 MeV/c?
TOTAL 26 MeV/c? 25 MeV/c?

Table 1: Source of uncertainties related to the W mass measurement in W — Iv channel for LHC (one
lepton species, at low luminosity, per experiment after one year) compared to last results from CDF
(electron and muon combined channels).
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Figure 1: Differential cross section for various PDF sets in function of the e* rapidity.



Coupling Current value LHC sensibility
(95% C.L.,30 fb~!, 1 experiment)

Ag¥ —0.0167007% 0.005-0.011
Ak,  —0.027700°% 0.03-0.076
Axz;  —0.076705¢) 0.06-0.12
Ay —0.0287003" 0.0023-0.0035
Az —0.08875.903 0.0055-0.0073

Table 2: Current value and uncertainty on 5 Triple Gauge Couplings parameters, and expected uncer-
tainty at LHC for one experiment after three years of data taking at low luminosity.

More specifically, at the Z pole, Arp comes from interferences between vector and axial components of
the coupling, leading to :
App=Db(a— sinZBW)

where a and b are calculated to NLO in QED and QCD.

The Z boson is produced by ¢4 fusion. The g, coming from the sea, has in average a lower momen-
tum. At LHC, the assumption is made that the quark direction is the same as the boost of the Z. This
assumption is valid for large di-lepton rapidities, this is why Z — e*e™ channel is used thanks to the
larger 1 coverage of the electromagnetic calorimeter.

The sensitivity on Agp increasing with forward electrons, cuts are applied on the rapidity of each
lepton and di-leptons, leading to a statistical uncertainty on Az of the order of 2.3 x 10~#. The statistical
uncertainty on the Weinberg angle is then 1.4 x 10~* [4], of the order of the world average error. To reach
a global uncertainty of the order of the current one, the systematics have to be small enough. So, errors
due to the parton density function (PDF), the lepton acceptance and efficiency, and the effects of higher
order QCD have to be well estimated, and under control. This will be only reached after few years of
data taking.

3.3 Triple gauge boson couplings

LHC planned also to probe the non abelian structure of the SM from the measurement of Triple Gauge
Couplings leading to WW, ZW, YW production in the final state. Thus, the measurement of the Triple
Gauge Couplings will be assessed from the diboson cross sections, the shape of high pr bosons spectrum
or the production angle between the two final state bosons.

In the SM framework, only the WWvy and WWZ interactions are allowed, leading to 14 possible
couplings. Among them, only 5 independent, CP conserving, gauge invariant preserving are used. At
the SM tree level, each of these parameters is equal to zero. Their behaviour in function of the energy in
the center of mass is however different : Ag%, Aky and Ak are growing with /s whereas A, and A are
growing with s what is a big advantage for the LHC.

Table 2 reports the current values and LHC expected sensitivity for each parameter : the LHC expec-
tation are similar to the current world average uncertainty [5].

4 Top quark physics

Discovered in 1995, the Top quark, whose high mass is still a mystery, completes the three family
structure of the SM. The large amount of Top events produced at LHC will allow to measure most
of the Top properties.



t7 Channel  Luminosity (fb—1) Aci/ O

semi-leptonic 10 9.7% (syst) £ 0.4% (stat ) £ 3% (lumi)
di-lepton 10 16%((syst) £ 1.3%(stat ) £ 3% (lumi)
full hadronic 1 20% (syst) £ 3% (stat ) & 5% (lumi)

Table 3: Precision on the tt cross section measurement expected by CMS.

The Top quark can be produced by strong interaction leading to a ¢7 pair in the final state, with a cross
section of about 833 4 100 pb at the LHC [6], leading to 8 million of Top pairs per year at low luminosity.
The Top quark can also be produced in a single way from weak interaction with a cross section of 330 pb.

The signature of 7 events is dominated by the W decay leading to two quarks or a lepton/v pair. So,
the three possible final states are :

e the fully hadronic channel where both W decay into quarks. Even if this channel is the dominant
one, it suffers from a huge background mainly from QCD.

o the di-lepton channel where both W decay into lepton/v pair. This channel benefits from a very
small background but the two neutrinos make difficult the complete reconstruction of the Top
quarks.

o the golden channel is the semi-leptonic one where, in the leptonic side, the lepton is used to trigger
the event, and where the hadronic Top is completely reconstructed on the other side. This channel
benefits from a large event yield and a small background.

In the golden channel, the events are selected requiring at least 4 jets with p7 > 40 GeV/c, one electron
(or muon) with py > 20(25) GeV/c according to the trigger menu and a missing transverse energy above
20 GeV.

4.1 Top quark mass measurement

For the Top quark mass measurement, ATLAS foresee to reconstruct #7 events with early data without
applying b-tag algorithms which will not be optimized at the LHC start. Top quarks are reconstructed
using the 3 jets whose the sum of the pr is the highest [7], with a reconstruction efficiency of about 5 %.

When using the b-tagging, requiring the presence of 2 b-jets among the jets, 100 pb~! of data lead to
a significance of S/B = 100 and an efficiency of roughly 1 %. The precision on the Top mass is then of
the order of 1.3 GeV/c? [8]. An other method, using both leptonic and hadronic sides and a kinematical
fit can reach a precision of the order of 1 GeV/c? [8] on the Top mass measurement.

4.2 tf cross-section measurement

The tf events reconstruction will also be used to measure the production cross section. These studies
have been performed for each of the 3 channels of ## decay. The semi-leptonic channel gives the best
precision on the cross section measurement, with the best reconstruction efficiency. Other channels lead
to a precision between 17 % and 21 % on this measurement [9], as shown on table 3.

4.3 Top polarization

The Top polarization will be measured through the polarization of the W boson coming from the t — Wb
vertex. So, the three polarizations Fg, Fi, and Fr will be measured using the angular distribution of the
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Figure 2: Differential cross section in function of cos 6, in the Standard Model framework.

Standard Model Error
(m; =175 GeV/c?)  +stat +syst
Fo 0.703 +0.00440.015
FL 0.297 +0.003 £0.024
Fr 0.000 +0.003 £0.012

(mp = 0 GeV/c?)

Table 4: Expected statistical and systematics uncertainties on Top polarization parameters at LHC (AT-
LAS).

leptons :
1 dr 3 . 3 « 3 .04
f‘m = g(l +C0591 )ZFR+ g(l —C0591 )ZFL+ ZSIHZ 91 FO
6, being the angle between the lepton in the W rest frame and the W in the Top rest frame.
Figure 2 shows the expected differential cross section in function of cos 8" in the Standard Model
framework, leading to the measurement of Fy, F and Fr reported in table 4, with the statistical and
systematics uncertainties foreseen by ATLAS experiment [10].

4.4 Single Top cross-section measurement

The three single Top production processes will be measured at LHC. Table 5 gives the expected uncer-
tainty on the cross section measurement for both ATLAS and CMS experiments, for each single Top
channel.

5 Conclusion

The precise measurement of electroweak parameters, as well as the Top physics studies allowed by the
LHC will lead us to a better understanding of the Nature, providing constraints on the SM. With few
years of data taking at low luminosity, both ATLAS and CMS experiments can reach a precision on these
measurements of the order of the current world average precision, what will improve the sensitivity to
new physics phenomena.



Channel Ac /o ATLAS Ac /o CMS
(30 b 1) [11] (10 b1 [9]
t-channel 12%((syst) &+ 1% (stat) + 5% (lumi) 8% (syst) £2.7%(stat) £ 5% (lumi)
Wt-channel  14%(syst) 4+ 1.5%(stat) += 5% (lumi)  23.9%(syst) + 8.8% (stat) +£9.9%(MC)
s-channel  16%(syst) &+ 12%(stat) + 5% (lumi) 31%((syst) £ 18%(stat) £ 5% (lumi)

Table 5: Precision on the single Top cross section measurement expected by ATLAS and CMS.
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