Recent QCD and top results at the D@ experiment
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The first pp data taken at 1/s=1.96 TeV at the D@ experiment have been analyzed. Measurements of jet
production rates have been performed and are in agreement with NLO QCD. Evidence for the production of
top quarks is also seen in the data. The Run I top mass measurement has been revisited using a method which

improves the statistical error.

1. Introduction

The Run IT of the pp collider Tevatron started
in spring 2001. The center of mass energy is
1.96 TeV while it was 1.8 TeV at Run I (1992-
1996). The peak luminosity was designed to be
8 x 103'em =257, five times higher than at Run
I. The integrated luminosity available for physics
analysis amounts to about 120 pb~! in summer
2003 which is as large as the total luminosity
recorded at Run I. Twenty times more data are
expected to be accumulated by the end of year
2006. The analysis presented in these proceed-
ings correspond to the first 40 pb—! available for
physics.

2. The DO detector

The D@ detector has undergone many up-
grades for Run II. To cope with the bunch cross-
ing every 396 ns, 10 times as short as during
Run I, and the higher event rates, both read-
out and trigger electronics have been replaced.
In the inner part of the detector, the tracking
system is completely new. It consists of a 2
Tesla solenoid surrounding an eight layer scin-
tillating fiber tracker and a silicon microstrip
tracker. To provide discrimination between neu-
tral pions and electrons, a new preshower detec-
tor is located between the solenoid and the lig-
uid Argon Uranium sampling calorimeter. The
calorimeter which remains essentially unchanged
with respect to Run I provides hermetic coverage
of the interactions and a good resolution. The

outer part of the detector is a muon spectrome-
ter consisting of three layers of proportional drift
tube chambers, scintillation counters and a 1.5
Tesla iron toroid.

A forward proton detector has been comis-
sioned for Run II. It consists of nine momentum
spectrometers made of 6 Roman Pots. They are
located at 23, 33, 57 and 59 down the beam from
the interaction point. By tagging the proton de-
flected at low angle, these detectors are dedicated
to the measurement of single diffractive and dou-
ble diffractive processes and will allow to probe
the pomeron structure functions. A first version
of alignment of the Roman pots has been per-
formed in spring 2003 and the detector is now
ready to begin its physics program.

3. Measurements of jet production

Jet physics at the Tevatron Run II is a unique
opportunity to test next-to-leading order QCD
(NLO) at new energies with a large statistics.
The proton structure can be probed at large z, es-
pecially the gluon parton density function (PDF).
At /s = 1.96 TeV, the production of jets is en-
hanced by roughly a factor two for transverse en-
ergy larger than 400 GeV compared to Run I as
can be seen in figure 1. New physics might also
be discovered: quark compositness would show
up as an enhancement in the production at high
transverse energy while new gauge bosons would
be seen as a resonance in the dijet mass spectrum
with increased sensitivity to higher masses.
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Figure 1. NLO prediction for the production of
dijet at the energy of Run I and Run II.

3.1. Jet reconstruction

Jets are built using an iterative cone algorithm
with radius R = \/An? + A¢? = 0.7 [1]. A new
feature compared to Run I is a two pass algo-
rithm. In the second pass, the midpoints between
two jets are used as new seed. The jets are also
built using four vectors instead of scalar quanti-
ties.
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Figure 2. Uncorrected cross section for the pro-
duction of jets as a function of their transverse
momentum for different triggers and prescales.

The quality criteria to reduce the background
and ensure that an event has properly been recon-
structed are as follows. The vertex of the event
has to be reconstructed with five charged tracks.
The coordinate along the beam of this vertex is
required to be within £ 50 cm. The ratio between
the missing transverse energy and the pr of the
leading jet should be lower than 0.7. The jets
are required to be central, in the region |n| < 0.5.
Some cuts on the shower shape are also performed
to reduced the fake rate due to calorimeter back-
ground.

The data for the jet measurement corresponds
to an integrated luminosity of about 34 pb~!
and was collected using six jet triggers. Each of
them requires a localized energy deposited in the
calorimeter and a reconstructed jet transverse en-
ergy threshold of respectively 5, 25, 45, 65, 95 and
125 GeV. Figure 2 shows the uncorrected cross
sections for the production of jets using these
triggers, with a perfect overlap between two adja-
cent triggers when beeing sufficiently far from the
threshold. The unfolding of the energy resolution
is not done at this level.

3.2. Energy correction and resolution

Giving the stiff dependence of the jet produc-
tion rate with the jet energy, it is crucial to cor-
rect the data for any bias in the jet energy deter-
mination and unfold the resolution effect.

The corrected jet energy is given by E.opr =
E“%ﬁé‘*o, where O is the offset due to noise,
pile-up and underlying events, S is the fraction
of energy leaking out of the cone due to shower-
ing and R is the calorimeter response, different
from one due to non-linearity, dead material and
different response for v/7° and 7*.

This response, shown in figure 3, is determined
using y+jet events where the photon transverse
energy is expected to balance the jet energy. Be-
cause of the limited statistics of high energy v+jet
events, some extrapolation has to be performed
and the uncertainty on the jet energy scale is
quite subtantial. This is the main source of sys-
tematics for the following cross sections measure-
ments. This is expected to be dramatically im-
proved in the near future, when more data will
be accumulated in DO.
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Figure 3. Jet energy response as a function of the
jet energy.

The jet momentum resolution is measured us-
ing back to back dijet events. The asymmetry

jetl jet2

A= % gives the relative resolution in a
pr  +pp

straightforward way: (Z’TT = /20 4. This resolu-
tion is displayed in figure 4.
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Figure 4. Jet momentum resolution as a function
of the two jet transverse momenta.

3.3. Inclusive jet cross section
The inclusive cross section of jet production
as a function of the momentum is given by

N;j. .
do _ Tiet y Cunsmear where O is the unsmear-
dpT LApr € ’

ing factor accounting for resolution effects and
€ is the selection efficiency determined with the
data. The cross section, which falls by six or-
ders of magnitude between pr=50 GeV/c and
pr=>500 GeV/c is shown in figure 5. The 10%
uncertainty on the luminosity which is bin-to-bin
correlated is not taken into acccount in this plot.

The cross section is compared to the re-
sults of NLO QCD calculations made with the
JETRADI[2] Monte Carlo generator using the
CTEQ6M][3] and MRST2001[4] PDF in figure 5.
Within the errors, which are mainly due to the
uncertainty on the energy scale, the data are in
agreement with the NLO prediction.

3.4. Dijet cross section

The dijet cross section is measured by count-
ing the events with at least two jets in the central
region |n| < 0.5 and unfolding the resolution ef-
fects. The cross section as a function of the dijet
mass is shown in figure 6. The 10% uncertainty
on the luminosity is not taken into acccount in
this plot. These results agree within the error
with the QCD NLO prediction as shown in figure
6.

4. Top production at Run II

4.1. Top quark at DO

The discovery of the top quark occured at Teva-
tron Run I in 1994 [5,6]. The production cross
section of top pairs was measured to be around
6 pb and the top mass was measured at D@ with
an accuracy of 8 GeV/c? [8].

At Run II, thanks to the higher center of mass
energy, the production of top pairs is enhanced by
30%. With a few inverse femtobarn, many topics
of top physics should be covered: measurement
of the production cross section, measurement of
the mass with an accuracy of 2 or 3 GeV/c?, spin
and polarization studies, branching ratio determi-
nation, W helicity measurement, search for non
Standard Model decays, and electroweak produc-
tion of single top.

At this earlier stage of the Run II data tak-
ing, the main goal is the “rediscovery” of the top
quark. The analysis presented in the following
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Figure 5. Inclusive jet cross section as a function of the jet transverse momentum and comparison to
NLO QCD using the CTEQ6M and the MRST2001 PDF.
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Figure 6. Dijet cross section as a function of the dijet mass and comparison to NLO QCD using the
CTEQ6M and the MRST2001 PDF.

correspond to about 50 pb~! collected before Jan- characterized by the presence of two high
uary 2003. pr isolated muons or electrons, two high pr
jets and a large missing transverse energy.
4.2. Top quark final states
The top quark decays into a W boson and a b
quark. According to the W branching ratio, one
can distringuish two sorts of signatures of top pair

2. lepton+jets where one of the W’s decays
hadronically. We look for events with one
high pr isolated muon or electron, a large
missing transverse energy and at least four

production. .
jets.
1. the dilepton+jets where both W’s de- All these channels may benefit from b-tagging
cay into lepton+neutrino are classfied as techniques thanks to the presence of two b-quarks
di-electron+2 jets, di-muon+2 jets and in the final state: secondary vertex tag, impact

electron-muon+2 jets. These events are parameter tag and soft lepton tag. Currently,



only soft muon tag has been used in the lep-
ton+jets channels.

4.3. Dilepton channels

Events are selected by demanding two leptons
with pr > 15 GeV/c. This cut is raised to 20
GeV/c in the ee channel. The muons have to
be isolated from calorimeter deposits and high
pr tracks. The missing transverse energy full-
fills £r > 25 GeV. In addition, when the
dilepton mass is close to the Z mass (70 <
M,, < 110 GeV/c? in pp channel, 75 < M, <
105 GeV/c? in the ee channel ) the cut is raised
to Zr > 40 GeV. Two reconstructed jets with
transverse energy higher than 20 GeV and in the
region |n| < 2.5 are also required. The scalar
transverse energy Hr = >, 1optons £, has to
be higher than 120 GeV. This cut is lowered to
100 GeV in the pp channel.

The background consists of WW production,
W Z production, Z production and QCD (mainly
heavy flavour) events. It can be separated in two
parts: the instrumental background and the phys-
ical background. The instrumental background
is estimated from the data and consists of either
transverse energy mismeasurement or jets faking
electrons or muons from heavy flavours beeing
seen as isolated from their parent jets. The phys-
ical background, has the same signature as the
signal (eg: Z — 77) and is estimated with the
help of Monte Carlo simulations. The results of
the selections are quoted in table 1.

4.4. Lepton plus jets channels

The events are preselected by demanding that
the lepton pr and the missing transverse energy
be higher than 20 GeV. Four jets with ppr >
15 GeV/c in the region |n| < 2.5 are required.
The muon and the electron have to be isolated.

The background for this channels is made of
W +jets events, QCD events where a jet fakes
an electron, or isolated muons produced within
heavy flavour events. The fake rate of electron
identification or isolated muons is extracted from
the data. It is then used to subtract the QCD and
heavy flavour background and determine the rate
of W+jets events as a function of the number of
jets (see figure 7).
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Figure 7. Transverse mass for p+jets events. The
colored histograms are the estimated contribution
from the QCD background.

This rate follows the Berends empirical scal-
% = « as shown in figure
8. This law allows to extrapolate the contribu-
tion of W+jets events to the leptons+4 jets can-
didates. Then topological cuts are applied on the
scalar transverse energy and the applanarity of
the events to get rid of the remaining background.
The results of these selections are shown in table
1.

ing law
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Figure 8. Production rate of W+jets events as a
function of the number of jets.



e [ ee
33 pb! 42 pb~! 48 pb~!
Z =11 = U .02+.01 | .02+£.02 | .02+.02
WW — ¢ .001 £.001 | .00 £ .00 | .001 £ .001
Z = - 20+ .12
Drell Yan— ¢/ - 20£.12 | .98+ .48
QCD, W +jets .05+.01 | .18+.18
All background | .07+.01 | .60+.30 | 1.0+ .48
Expected signal | .50+ .01 B30+£.04 | .25+.02
Observed 1 2 4
e+jets utjets ptjets/u | e+jets/p
40 pb~! | 49.5 pb~! | 40 pb~! | 49.5 pb~!
All background | 2.7+1.1 | 2.7+.6 T+ 4 2+.1
Expected signal 24 1.8 .8 D
Observed 4 4 0 2

Table 1

Signal and background expectations and observed events for the different top quark channels.

4.5. Lepton plus jets plus soft muon tag
In addition of a high pr lepton, the presence
of a soft muon of transverse momentum higher
than 4 GeV/c is demanded. For the signal, it
is supposed to be produced in the decay of a b-
quark so it is required to be within AR < 0.5 of
the jet axis. As the presence of this soft muon
is a very stringent requirement, the selection is
basically the same as in the previous section but
the cuts are loosend and only three recontructed
jets are required. The analysis ends up with a few
selected top candidate events as shown in table 1.

4.6. top production summary

The results of the different channels quoted in
the table 1 are combined to compute the cross
section for the top pair production at /s =
1.96 TeV:

o = 85750 (stat) 752 (sys) +£0.8 (lumi) pb

The contribution of the different channels are
shown in figure 9.

This result is expected to be greatly improved
in the near future tanks to the increase of lumi-
nosity, a better tracking efficiency and resolution
and the usage of secondary vertex based tagging
of b-quarks.

5. Top mass measurement with Run I data

Within the Standard Model, the top quark
mass, along with the mass of the W boson, is
a key parameter to determine the mass of the
Higgs boson through radiative correction. Com-
bined with all other electroweak observables, it
provides a powerfull probe to test the consistency
of the Standard Model and search for new physics.
The best value of the top quark mass has been ob-
tained by combining all channels of the D@ and
CDF mass measurement at Tevatron Run I[7]:

Miop = 174.4 £ 5.1 GeV/c?

5.1. DO Run I analysis

The measurement of the top mass using Run I
data, in the lepton+jets channels, is described in
[8]. After applying the selection cuts, 91 ¢¢ can-
didate events are selected. The two-dimensional
probability density function of the fitted top mass
and a multivariate discriminant is built for these
events. This allows to compute a likelihood func-
tion. The maximization of the likelihood yields
the result:

Miop = 173.3 £ 5.6(stat) £ 5.3(sys) GeV/c?

5.2. Reanalysis of the data
The same selection and the same data set (£ =
125 pb™') as in [8] is used. Some tighter criteria
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Figure 9. cross section results summary, includ-
ing the contributions from the different channels

are added to get a purer tf sample. Only events
with exaclty four jets are selected so that a one-
to-one matching between partons and jets can be
assumed. The probability of ¢ production is com-
puted for each event taking into account the full
kinematics. It reads:

1

12Ut{

Pi(z) = /dpldm%dedmngz2

x Z |M|2%@6W(%y),

perm,v

where the sum is over all 12 permutations of the
jets and all possible values of v z-momenta, M
is the LO matrix element for the process, f(q1,2)
are the PDF’s for the incident partons, ¢g is the
phase space factor for the 6-object final state and
the W (x,y) correspond to the mapping between
real (y) and measured momenta (z), accounting
for resolution effects. The integration variables

are the top masses, m; >, the W masses, M o,
and the energy of the u-type jet of the hadronic
W-decay, p1. The background probability Py,
is also computed with the help of VECBOS]9].
The likelihood for the N = 22 candidate events
remaining after the selection reads:

N
—log L(my) = =Y _ log(c1 Py(wi,my) + 2Py ()

—l—N/A(a:)(log(clPtg(m,mt) + 2 Py (2)))d,

where A(z) is the acceptance function and ¢; and
¢ are the relative proportions of signal and back-
ground. By minimizing this expression with re-
spect to the mass hypothesis m;, as shown in fig-
ure 10, one obtains the best value of the top mass,
m; and the ¢; and ¢y parameters. The prelimi-
nary result is:

Miop = 180.1 £ 3.6(stat) + 4.0(sys) GeV/c?
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Figure 10. Likelihood function used to deteter-
mine the top mass.

It must be noticed that resolution effects are
taken into account on an event by event basis
in the W(z,y) term, whereas in the previous
method [8], the average resolutions were actually
considered. Therefore poorly measured events
are deweighted while sharply measured events
contribute more to the final results. This ex-
plains why the statistical uncertainty has been
reduced while using only a subset of the event



sample. The main contributions to the system-
atic uncertainty come from the jet energy scale
(3.6 GeV/c?), the modeling of the ¢¢ production
(1.5 GeV/c?), the modeling of background (1.0
GeV/c?), the noise and multiple interactions (1.3
GeV/c?), the PDF uncertainty (0.2 GeV/c?).

6. Conclusion

D@ has started its QCD physics program by
measuring the inclusive jet and dijet cross sec-
tions. The cross sections are in good agreement
with the prediction of NLO QCD. In the near fu-
ture the accuracy of these results is expected to
be improved thanks to a larger amount of data, a
better understanding of the jet energy scale and
an extended rapidity coverage.

D® has also established the presence of top
quark events in its data, which is the preliminary
step to the Run II top quark physics program.

Using Run I data, a new top quark mass mea-
surement, has been performed leading to a subtan-
tial reduction in the uncertainty. This measure-
ment reaches the level of accuracy of the previous
combined D@ and CDF result.
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