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Electroweak results at LHCb

Yasmine Amhis!*? on behalf of the LHCb collaboration
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Abstract. W and Z production cross-sections have been measured in proton-proton collisions at a center-of-
mass energy of 7 TeV using the decays W — uv, Z — pu and Z — 77 collected by the LHCb detector. For all
the measurements at least one of the reconstructed muons has a transverse momentum, pr, above 20 GeV/c and
a pseudorapidity, 7, between 2 and 4.5. In the case of the Z, a di-muon invariant mass between 60 GeV/c? and
120 GeV/c? is required. Theoretical predictions, calculated at next-to-next-to-leading order in QCD using recent
parton distribution functions (PDFs), are found to be in agreement with the measurements.

1 Introduction

Measurements of W and Z cross-sections in proton-proton

collistions constitute an important test of the Standard Model.

While electroweak theory can currently describe the fun-
damental partonic processes of electroweak boson produc-
tion at the LHC at NLO with an accuracy at the percent
level, a large uncertainty on the theoretical predictions arise
from the present knowledge of the proton PDFs. The accu-
racy strongly depends on the rapidity range as shown in
Fig. 1 and 2 : in kinematic regions where PDF uncertain-
ties are low, precise measurements of electroweak bosons
provide a stringent test of the Standard Model in a new en-
ergy regime; in regions where PDFs are less known, pro-
duction studies can input valuable information to constrain
new PDF fits. The LHCb experiment, described in more
detail in [1], at the CERN Large Hadron Collider (LHC)
has been designed to study heavy flavour physics in the
forward region (1.9 < n < 4.9). Measurements provided
by LHCb can test the Standard Model and provide input
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Fig. 1. Percentage uncertainty due to PDFs as a function of ra-
pidity for Z, W* bosons production cross-sections.
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Fig. 2. Percentage uncertainty due to PDFs as a function of ra-
pidity for Z, W* bosons ratios.

to constrain the PDFs in both a region accessible only to
LHCb (n > 2.5) and a rapidity region which is also accessi-
ble to ATLAS and CMS (2 < 1 < 2.5). The following elec-
troweak measurements at LHCb include the analysis of the
Z and W boson production at /s = 7 TeV. In addition, the
measurement of Z boson production in decays to pairs of
7 leptons is reported. The cross-section ratios oy /o and
oy, /oy, and the W charge asymmetry, Ay, are also pre-
sented. Further information can be found in Refs [2],[3].

2 Event selection
2.1 Selection of Z — uu candidates

Z candidates are selected requiring two well reconstructed
muons with a transverse momentum, pr, greater than 20
GeV/c and lying in the pseudo-rapidity range between 2.0
and 4.5. The di-muon invariant mass distribution of such
candidates is shown in Fig: 3. To further identify Z —
pu candidates, the invariant mass is required to be con-
sistent with Z production by imposing the mass constraint
60 GeV/c? < my, < 120 GeV/c?. 1966 candidates satisfy
these criteria. Several sources of background are consid-
ered:
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Fig. 3. Dimuon invariant mass of Z candidates. Data points are
fitted with a Crystal Ball function (signal) and an exponential
function (background).
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Fig. 4. Invariant mass of the dileptons in the pu channel. The
points are data while the solid histograms show the estimated sig-
nal (red) and background contributions (blue and green).
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Fig. 5. Invariant mass of the dileptons in the eu channel. The
points are data while the solid histograms show the estimated sig-
nal (red) and background contribution (green).

i Z — 77 decays where both taus decay to muons. Using
simulation this contamination is estimated to be (0.61+
0.04) events;

ii Heavy flavour background containing b or ¢ quarks
which decay semi-leptonically is estimated to be (4.3 +
1.7) events;

iii Generic QCD events where pions or kaons either de-
cay in flight or punch-through the detector to be falsely
identified as muons. Using same sign di-muon com-
binations in data this contamination is expected to be
0+ 1 events.

The total background estimate is found to be (4.9 + 2.0)
events.

2.2 Selection of Z — 7 candidates

Two different final states are considered to measure the
Z — 77 production cross-sections. In the first topology
both tau leptons decay to muons and neutrinos, while for
the second one, one tau decays into a muon and neutri-
nos and the other decays to an electron and neutrino. For
both channels, a muon with a py greater than 20 GeV/c
and a pseudo-rapidity between 2 and 4.5 is required. Since
both channels contain a high pr muon. For both topologies
the invariant masses are shown in Fig: 4, 5. The following
sources of background have been considered:

i QCD, estimated from same-sign and non-isolated data
as (9.5 + 3.0) and (1.6 + 1.3) events for electron-muon
and muon-muon channels respectively;

ii Electroweak, di-boson, and top backgrounds are esti-
mated using simulated data. Drell-Yan backgrounds in
the di-muon channel are estimated from data, by fitting
the di-muon invariant mass above 80 GeV/c? to the ex-
pected shape from this contributions. We find (3.0+1.2)
and (5.5 +1.8) events for the electron-muon and muon-
muon channels respectively.

2.3 Selection of W — uv candidates

The signature for W boson decays is characterised by a
single isolated high transverse momentum lepton and min-
imal other activity in the event. The background contam-
ination is expected to be larger than in the case of Z de-
cays. To suppress the background additional cuts are im-
posed. Backgrounds from punch-through kaons and pions
are suppressed by requiring that the sum of hadronic and
electromagnetic calorimeter energies associated with the
muon candidate, divided by the track momentum, is less
than 0.04. Isolation is imposed by requiring that the summed
pr of all tracks and identified photons inside a cone of
radius surrounding the muon, R = +/4n? + A¢* = 0.5,
should be less than 2 GeV. The unbiased impact param-
eter, /P, of the muon must be less than 40 um to reduce
backgrounds from heavy flavour production. Contributions
from y*/Z decay are suppressed by vetoing any other muon
in the event with a pr above 5 GeV/c. Using this selec-
tion 15608 W* candidates and 12301 W~ candidates are
retained. The following sources of backgrounds have been
taken into account:

i Z — pu where one of the muons goes outside of the

LHCb acceptance;

ii W — tu, where the tau decays leptonically to a muon
and neutrinos;

ili Z — 77 where the taus decay leptonically to a muon
and a neutrino;

iv. Low mass Drell-Yan production of di-muon final states,
where on muon is outside the LHCb acceptance;

v Events containing b or ¢ quarks decaying semi-leptonically
to a muon;

vi Generic QCD events where pions or kaons decay in
flight;

vii Generic QCD events where pions and kaons punch-

through.

The signal yields are estimated by fitting the muon pr
spectrum to shapes expected for signal and backgrounds in
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Fig. 6. Distribution of muon py for positive (left) and negative
(right) charged muons. The data (points) are compared to the fit-
ted contributions from W~ and W* (yellow), the Z background
in red (orange for 77 final states), ochre for W decays to tau,
the decay in flight background in light blue, and heavy flavour
(punch-through) contributions are shown in blue (green).

five bins of the muon pseudo-rapidity. The fit is performed
for both charges and over all the i bins simultaneously;
only the normalisations of the signal and background (iv)
are allowed to vary. The signal shapes are obtained using
NLO simulation, using POWHEG [4] and CTEQ6m [5]
parton density function set. The shapes for backgrounds
(i) to (iv) are determined using simulation (POWHEG for
(i), Pythia [6] otherwise). The normalisation of (i) is con-
strained to the observed rate of Z production, and (ii) to
the observed rate of W production, taking branching ratios
of 7 to muons into account. The contributions of (iii) and
(iv) are estimated from simulation. The shapes for back-
grounds (v), (vi) and (vii) are found directly from data by
anti-cutting on selection variables to enrich these sources.
The normalisations are fixed to the rates observed in data,
with the exception of decays in flight which are allowed to
vary in the fit. The purity of the W* (W™) sample is 80%
(78%).

3 Cross-section measurement

The Z production cross-section, oz, in a rapidity region,
Ay, can be written

7 z
o ( ¥ ) NtOt - Nback_qround (1)
Z = —’
—uu\dY X L
where N7, is the number of selected events, N7, ,
ACKgroun

is the estimated number of background events, £ is the
integrated luminosity corresponding to the analysed data
sample, and €, is the total efficiency for selecting signal
events. This efficiency is the product of an acceptance fac-
tor, A%, which is the proportion of events that should be
reconstructed inside a given kinematic region; a trigger ef-
ficiency, EIZH. 5 which is the probability of triggering on such
offline selected events; a tracking efficiency, efzmck, which is
the probability of reconstructing both tracks of the Z; and
finally a selection efficiency, ESZE ;» which is the probability
of these leptons passing the final set of cuts. In the same
way, we express the cross-section for W production, oy,
in a muon pseudorapidity interval ,4n, as

w _ NW
tot
T A = 2)

where now " = AVel € | €€, using the same no-
tation as above, but with a W superscript in the place of a
Z and where efficiency corresponds to one, and not two
muons. One should note that all reported cross-sections
are quoted within the fiducial region we measure, and not
corrected to the full solid angle These measurements are
corrected for final state radiations (FSR) to allow accurate
comparison with theoretical predictions. The corrections

are estimated using the HORACE generator [7].

3.1 Efficiency estimation

Muon trigger, muon identification, and muon tracking ef-
ficiencies are determined from data-driven methods. A tag-
and-probe technique is adopted using Z — uu events, where
one muon, used as a tag, is well identified and fired the
single muon trigger, and the other muon or track candi-
date, used as probe, is tested to see how often it also fired
the muon trigger, is identified as a muon, or has a track
associated to it. These efficiencies are measured as a func-
tion of the lepton pseudo-rapidity. No dependence on the
lepton charge is observed. Electron tracking efficiency is
estimated from simulation, and scaled by the difference in
tracking efficiency observed between simulation and data
from muons. The electron identification efficiency is de-
termined from data using a tag-and-probe method using
Z — ee events.

3.2 Systematic errors

Systematic errors arise from the background models, the
efficiency determination, the treatment of radiative correc-
tion applied to the cross-section measurement as well as
the integrated luminosity error. The uncertainties on the
background are due to the limited size of the simulated/real
data. The systematic uncertainty on the efficiency is taken
as the statistical precision on its determination from data,
and covers the differences observed with respect to simula-
tion. The FSR correction uncertainty is given by the statis-
tical uncertainty of the HORACE estimate. The luminosity
is determined using two methods, a Van Der Meer scan and
a beam gas method [8]. This systematic is dominated by
the beam current uncertainty and is the dominating system-
atic for the W and Z production cross-section in the muon
channels. In the case of Z production with tau leptons in
the final state, the uncertainty assigned on the efficiency
determination is the leading systematic. All systematic er-
rors are summed in quadrature and reported in Tab: 1 and
2.

4 Results

The cross-section of W and Z production within the LHCb
fiducial region are shown in Fig: 7 and the measured W
charge asymmetry is shown in Fig: 8. The measurements
are shown as a coloured band on the summary and com-
pared to various predictions based on next-to-leading-order
and next-to-next-leading order calculations (NNLO) with a
variety of PDF sets [9], [10], [11]. The W charge asymme-
try is shown as data points compared to NNLO prediction.
All results are consistent with theoretical predictions.
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Table 1. Contribution to the systematic error for the total W pro-
duction cross-section. All quoted values are given in percentages.
The luminosity is quoted separately.

Source Ao(WH (%) Ac(W) (%)
Background 1.6 1.6
Fit model 1.9 1.7
Efficiency 2.5 2.3
FSR correction 0.2 0.2
Total systematic error 35 32
Luminosity 35 3.5

Table 2. Contribution to the systematic error for the total Z pro-
duction cross-section. ey and pu refer to the final Z — 77 produc-
tion. All quoted values are given in percentages. The luminosity
is quoted separately.

Source Ao (Z)(%) Ao(eu)(%) Ao (upu)(%)
Background 0.4 7 5
Fit model - - -
Efficiency 5.1 9 8
Acceptance - 2
FSR correction 0.3 0.2 0.2
Total systematic error 3.5 11 10
Luminosity 35 5.1 5.1

NNLO NLO

LHCb Preliminary, 37.1 pb*

Kinematic cuts:

charged leptons p_>20 GeV, 2<<4.5.
Data: stat. and total error
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Fig. 7. Z, W*, W~ cross-section measurements and ratios
(coloured bands) compared to NLLO and NLO predictions
(points), for the PDF set tested.

5 Conclusions

Measurement of the W — uv and Z — uu cross-sections
and their ratios in proton-proon collision at /s = 7 TeV
have been performed using (37.1 + 1.3) pb~! of data col-
lected by the LHCb detector. Using (240+8)pb~'of data
collected both in 2010 and 2011, a measurement of Z — 77
cross-section has also been made. All measurements are in
agreement with NNLO QCD predictions. Most of the er-
rors are dominated by systematic uncertainties due to the
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Fig. 8. W charge asymmetry in bins of muon pseudo-rapidity
compared to the NNLO prediction. The shaded and hatched areas
represent the uncertainty ariding from the PDF set tested.

determination of various reconstruction efficiencies from
data. With larger statistics these systematic uncertainties
will be reduced. Using the full 2011 dataset, 1 fb~!, it is
expected that improved measurements will place signifi-
cant constraints on the proton PDFs.
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