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Precise measurements of electroweak parameters rep@sdntportant aspect of the LHC
physics program. This paper discusses the measuremerg\&f boson mass, of the top quark
mass, of theZ forward-backward asymmetry and of the production crossiee of boson pairs.
The high center of mass energy of LHC and the large statistiogples oW, top,Z and diboson
events that will be collected by the two general-purposeatets ATLAS and CMS, will allow
to improve the precision already achieved on the discusseheters.
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1. Introduction

The main parameters of the electroweak theory are measttiedevy good accuracy [1]. In par-
ticular, the mass of thé/ boson is known nowadays with an uncertainty of 0.03 % , thexainty

on the top quark mass is 0.7 % and the uncertainty on the eleesik-mixing angle is 0.07 %.
The electroweak fit combines these measurements and ieglitedt the present theory is very suc-
cessfull [1]. The studies of the boson pair production, dopnéhe LEP and Tevatron experiments
allow to derive limits on the triple gauge boson couplingd do not indicate any deviation from
the electroweak predictions.

The main aim of improving further the precision on the aboentioned parameters by measuring
them at LHC, is to constrain in a tighter way the Standard Matiggs mass, and to perform a
more stringent consistency test of the theory, hoping teaiations from the expected behaviour
will finally show up.

In one year, the ATLAS and CMS experiments [2] expect to co® fb* of data each, during the
"low luminosity" phase of the accelerator and 100%@ach, during the "high luminosity" phase.
The integrated luminosity collected so far at Tevatror:i§ fb—L.

In the next sections, the measurements ofWhédoson mass, of the top quark mass, of the
forward-backward asymmetry and of the production crostiese of boson pairs by the ATLAS
and CMS collaborations will be reviewed and the expectedracies will be discussed.

2. W Mass M easurements

TheW massMy, has been measured at Sp pS, at LEP2 and at Tevatron [3].@\thgte is a great
potential for improvements: th& andZ cross-sections are one order of magnitude higher than at
Tevatron G (PP — W(4v)X) ~20 nb, aiit® (pp — Z(¢4)X) ~2 nb) and the design peak
luminosity (L~ 10% cm2s1) is about ten times higher than the Tevatron design peaknlosity.
The signature of events witW — /v decays is given by an isolated lepton of high transverse
momentum p%) and missing transverse energy}‘tﬁ due to the neutrino. Additional selection
criteria on the transverse momentum of the hadronic systewilng against the/ boson are used
and no event with jets of high transverse momentum is allowdt total selection efficiency of
these cuts i€y ~ 20%. For an integrated luminosity of 1h 4 million events withW — ¢v

(¢ = e oru) decays are expected.

TheW mass is extracted from the measuggddistribution or from the Jacobian peak observed in
the transverse mass of the lepton-neutrino syskéfh, The analyses exploiting these two variables
are complementary to each other [4]: the main systematcedhn thep‘T distribution shape is the
amount of transverse momentupy/, carried by theV boson while the main systematic effect on
the My distribution shape is related to detector resolution éffec

TheW mass is obtained by comparing the measured distributiotistemplate distributions gene-
rated from data4 events are used), thus no longer relying on MC simulationsulild templates,

in the CMS analyses [4] two complementary methods have beesiabed, the first applied to the
electron channel, the second to the muon channel. In thedsosiservable method, the template
distributions are created by transformid@gdistributions (e.g.p} or Z transverse mass distribu-
tion ) into W ones (see Fig. 1). For 1 B of integrated luminosity, the electron channel gives a
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total uncertaintyAMy = 40(stat) + 40(systexp.) = 40(systthea) MeV, where the uncertainty on
the lepton energy linearity dominates the experimentaksyatic error and the uncertainty on the
p% dominates the theoretical systematic error. The secontiadeb build templates is based
on an event-by-event transformation to changé event into aW event corresponding to a trial
value of theMy. For 1 fo~! of integrated luminosity, the muon channel gives an unireyta
AMw = 40(stat) + 64(systexp ) 4 20(systthea) MeV, where the uncertainty on theM domi-
nates the experimental systematic error, while the uriogyt@n the Parton Distribution Func-
tions(PDF) dominates the theoretical systematic error.

In the ATLAS study [5] the template distributions are ob&nby convoluting the generated
distribution of p% or of MYV, with the measured detector response. The detector respsns
obtained usingZ events. With 15 pb!, the electron transverse momentum analysis yields a
precision ofAMy= 120(sta +117(syst) MeV. The systematic uncertainty is dominated by the
lepton energy scale. In the muon channel, using 15'pthe transverse mass analysis gives,
AMw= 57(stap £+ 231(syst), where the dominant contribution comes from the recoilbzation.
PDF uncertainties contributesMiy, = 25 MeV. Obviously, due to the limited statistics, the exper
imental error obtained in the ATLAS analyses is not competitvith the previous CMS results.
The interest of the ATLAS results reside in establishing tdzen be done at the beginning of the
data taking by using mainly data driven methods.

Strategies to pin down the theoretical error are describ§sl]i Two sources of theoretical error are
discussed in the following: the uncertainty relateg$band to thew rapidity (). Thep¥ distribu-
tion is mainly the result of the intrinsipr of the incoming partons and of the initial state radiation.
These mechanisms can be constrained with dilepton eveimésDiiell-Yan continuum, between 20
GeV and M, provides a strong lever arm on the dilepton invariant madsallows to measure the
dilepton pr distribution in theWW mass range. Thé/ rapidity distribution is essentially driven by
the proton structure functions. At the LHZ andW bosons are essentially produced through sea
quark interactions; therefore a strong correlation betwibeW andZ production is expected. In
particular, a precise measurementiof/dy(Z) will constrain theW rapidity distribution. In [6], it
has been estimated that using these methods and with 10tfie total systematic error in a single
My analysis could be brought below 10 MeV.

3. Top Mass M easurements

The LHC experiments have a great potential to measure phedise top massh(;): top quark
pairs, mainly produced via gluon fusion, yields a productaross-section of 833 pb, at next to
leading order/ 100 times higher than at Tevatron. It is expected thatMheneasurements at
LHC will become soon limited by the systematic error.

Many studies have been performed by ATLAS [5] and CMS [7, &e Tgolden" channel is the
semi-leptonic channett — Wb+ Wb — (ev)b+ (] j)t;, where the topology of the final state can
be exploited to select the signal with good purity, and thdrtiaic side is used to measure the top
quark mass. These events are selected by requiring areiddiah pr lepton, EMSS and at least 4
jets, two of whichb-tagged. This gives a signal efficiencysf5% with a signal over background
ratio of the order of 10 [5]. The main backgrounds are singfedvents, mainly reduced by the
4 jet cut, fully hadronictt events, reduced by the lepton requiremews;jet andZ+jet events.
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Figurel: Comparison of the scaled electron spec-

tra for Z (dots) andW boson (line) events in theFigure 2. The hadronic top quark mass, j},
CMS ana|ysis[4]_ E is the transverse electron eflttEd with the sum of a Gaussian and a third order

nergy and M is the boson mass (VZ or W). polynomial [S].

Backgrounds from multi-jet events ah production are negligible after the leptonic selections
and backgrounds from diboson events have a much smalletiluttitn beeing strongly reduced
by cuts on jets. To reconstruct the hadronic side of the desmayn situ rescaling is performed
by a minimization procedure. The minimization constrains light jet pair mass tdy, via
corrections to the light jet energies. All possible jet camations are tried; the one minimizing
the X2 is kept. Theb-jet closest to the hadronMy/ boson is associated to the chosen pair. The
three jet invariant mass is then fitted with a Gaussian plusiynpmial (see Fig.2). The result is
M= 17504 0.2(stat) & 1.0(syst) GeV, for an input mass of 175 GeV and 1 b The precision

on M relies mainly on the control of thiejet energy scale uncertainty: a precision of the order of
1 to 3.5 GeV should be achievable with I and ab-jet energy scale uncertainty of 1 to 5%.
Events with one or nb-tagged jets lead also to an interesting measurement itttlegopound shape

is constrained from data (using side-band or event mixingrtigues, as explained in [5]). For 1
fb—! the estimated precision dw; in the ATLAS study [5] which doesn't use b-tag, is below 2
GeV (assuming a jet energy scale uncertainty of the orddreopercent). These samples are thus
useful for jet energy scale or b-tagging studies during tmaraissioning phase with early data.
Another possibility for determinind/; exploits final states witld /¥ from the fragmentation of
the b quark [9]. The top quark mass is determined via its tafom with the invariant mass of
theJ/W(— ¢¢) and the lepton from the/ decay coming from the same top. A study of CMS [10]
finds that in 100 fb* of data,~1000 events are selected. Itis particularly relevant thiatenalysis
reduces to a minimum those systematics which are expeciohtinate in more traditional esti-
mations ofM;. A total errorAM; ~ 2 GeV, dominated by theoretical uncertainties (scale dafmi
andb-fragmentation effects) is well within reach. It is expettbat a better understanding of the



Electroweak physics at the LHC Lucia DI CIACCIO

theoretical systematics at the time when the measuremdrtievinade is possible and will bring
AM; ~ 1 GeV.

A last possibility is to estimat®l from the measurett production cross section [11]. This would
allow a determination independent of the kinematic reqontibn. However, even without consid-
ering experimental uncertainties, the achievable pratigiould already be limited to 2 GeV due
to uncertainties on the theoretical calculations. Thegseeuainties can be reduced by perform-
ing the computation at higher orders, including the resutiimaof next-to-leading logarithmic
corrections[12].

4. Forward-Backward Asymmetry in Z Decays

The measurement of the forward-backward asymmetpg)Af the y*/Z decay products probes
the V-A structure of the electroweak theory and can be usedttact indirectly the effective weak
mixing angle,sin’Bs¢. This measurement is also interesting since the exchangaedv particle

X in the process f — X — ¢/, alters the value of Ag.

LEP and SLD have measured very precissily’ 8. The world average value 8n?6ess =
0.23153+0.00016 [1]. More recently, using 1.1 b of data, the DO experiment @ip Tevatron
collider, has measured=A in Z decays and extractesih?6¢ s with a statistical error of 0.0018 and
a systematic error (by far dominated by PDF related unc#igai) of 0.0006 [1].

Even in pp collisions, a forward-backward asymmetry of thelecay products is expected. The
Z is formed by a quark-antiquark pair; while the anti-quankals arises from the sea, the quark
may also be a valence quark which on average carries a highmentum than sea quarks. Thus
the boost direction of the Z indicates the quark directiohisTassumption is better verified when
theZ decay product (i.e. the dilepton pair) has high rapidityodder to improve the measurement
precision, it will be therefore necessary to detect lepiaribe very forward rapidity regions, and
this favors the electron over the mudrdecay channel. In ATLAS the forward calorimeter FCAL
extends the electron indentification capability upnte= 4.9 (the muon spectrometer covers the
region up ton = 2.7). In the ATLAS Arp study [5] it is required that one of the electrons lies
within |n| < 2.5, while the other can go up tg| = 4.9. In the region 2.5¢ |n| < 4.9 an electron
identification efficiency of 80% is achieved with less than @D background. The statistical
uncertainty ishApg = 2.7 * 1074,

The measured asymmetry can be interpreted as a measurefr@nt8a;;. With 100 fbo ! of
luminosity, ATLAS [5] expects a statistical uncertainty sn?8ess of 0.00015 and a systematic
uncertainty of 0.00024 (by far dominated by PDF related ttaggies), comparable to the uncer-
tainty of the present world average. It is expect that in titare the knowledge of the PDFs will
improve thanks to the constraints imposed by Tevatron, HERALHC measurements (e.g. using
W asymmetry). By the time the high luminosity data will be #aflie the systematic uncertainty
on sin?6.¢; should therefore decrease. If this is not the case, themeasurement can be used,
conversely, to constrain the PDFs.

5. Associated Production of Gauge Bosons

The study of the pair-production of electroweak gauge bsgests the triple gauge boson cou-



Electroweak physics at the LHC Lucia DI CIACCIO

Dibosons Az AKz Aot AK, Ay

WZ, (Mr) | [-0.015,0.013] [-0.011,0.034]

Wy(p)) [-0.05,0.02]
WW, (M) [-0.035,0.073] [-0.088,0.089]

WW, LEP [-0.051,0.034] [-0.105,0.069] [-0.059,0.026]

Table 1: 95% C.L. on charged TGC's froMvW, WZ, Wy final states with 10.0 fb! of data [5]. Only
the most stringent limits are shown. The variables usedenctiupling fit are shown as well some of the
existing limits (the most stringent).

Dibosons fZ f£ f) fo
Z— e+
Z - ¢fvv | [-0.009,0.009] [-0.009,0.009] [-0.010,0.010] [-0.01010]
LEP [0.30,0.30]  [0.34,0.38] [0.17,0.19]  [0.32,0.36

Table2: 95% C.L. limits on neutral TGCs froZ final states for 10.0 fb! of data. The other anomalous
couplings are assumed to be zero. The 95% C.L. limits from aieRalso shown.

plings (TGC) and therefore the non Abelian structure of fleeteoweak theory. Within the Stan-
dard Model (SM), the trilinear vertica&Wy andWWZ occur, while those involving only neutral
gauge bosons are absent. If no Higgs is found, diboson ptiodustudies are expected to play an
important role in understanding the electroweak symmetepking mechanism. Finally diboson
events represent a background in Higgs and New Physicshesarc

All expected diboson processes have been already observiebatron in leptonic channels; at
LHC significant improvements are expected since the highemgy allows to explore a more favor-
able kinematic region and cross-sections-are0 times higher. The CMS analyses uses cut-based
analyses [13, 14]. In a recent analysis ofWig — ¢v//{ final state [14] data driven methods (based
on the use of control samples) are proposed to extract the REckground. It is estimated that it
is possible to reach adbsignificance of th&VZ signal with less than 350 pb at 95 %C.L..

ATLAS compares cut based analyses with analyses based dmotsted decision tree (BDT)
technique [5]. The BDT technique allows an improved serigiti With 0.1 b1 and assuming
20% systematic uncertainties on the cross section measatengM signals odVW, WZ, Wy, Zy
will be established with a significance better thao $~ 1 fo~! is needed foZZ). Systematics
uncertainties (luminosity, lepton selection and iderdiiien efficiency, PDF, factorization scale)
will dominate the cross-section measurements starting &iduminosity of 5-30 fb!, depending
on the analysis.

The charged TGC are usually taken &sl§v, Av (V =y, Z). Within the SM, their values arefg
Ky=1 andAy = 0. Itis common then to redefinAgf = g7 — 1 = AKy = Ky — 1 = 0. For ZZ final
states, the neutral TGC are usually taken){asﬁ\gf(v =y, Z) and their expected values in SM a}{ef
f\s’ = 0. Anomalous values of TGC's lead to increased cross sectgpecially at high bosqmy
and di-boson transverse maM;\r{. The corresponding spectra are used to set limits on anoalo
TGCs atthe 95% C.L.. Tables 1 and 2 show these limits for 1® @ ATLAS data. The prospects
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are that it will be possible to improve up to a facterlO the present limits.

6. Conclusions

Even after having found a Higgs signal, precision electakvmeasurements will be important
since indirect constraints will help the interpretatioritefnature and of the underlying theory.

The LHC will be aW, Z, top factory. The goals of obtaining per experiménty, < 10 MeV,
AM < 1 GeV,Asin?6e¢1 ~ few 10~* are expected to be within reach. Electroweak dibosonssigna
are expected to be established after having collectedistatsranging from 100 pbt up to 1 flo 2.
The present limits on anomalous couplings are expected itofm@ved significantly with 10 fb?.
Ultimately, the main concern at LHC will be to understand andtrol the systematics. This will
come from data driven methods, from the use of independalysisa methods and the interplay
between improved measurements and theoretical develdgmen
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