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Five recent results from DØ which either impact or have the potential to impact on

uncertainties in parton density functions are presented.

1 Introduction

Many analyses at DØ are sensitive to the modelling of the partonic structure of the proton.
When theoretical and experimental uncertainties are well controlled there exists the possi-
bility for additional constraints on parton density functions (PDF). Five measurements are
presented which either have already been included in global parton fits or have the potential
to contribute in the future.
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Figure 1: Z Boson rapidity. Inner (outer) er-
ror bars indicate statistical (total) uncertainty.
A NNLO[3] calculation using MRST[7] 2004
PDFs is shown as a solid line.

DØ measures the differential cross-section
divided by the total Z cross section[2] using
0.4fb−1 of data in the electron decay chan-
nel. Isolated electrons are selected with a
pseudorapidity of |η|a < 0.9 or 1.5 < |η| <
3.2. The (next-to) leading electron is re-
quired to have a reconstructed transverse
momentum, pT > (15)25 GeV. The dielec-
tron invariant mass must be close to the
Z pole, 71 < Mee < 111 GeV. The acces-
sible Z rapidities, |y| < 3, allow probing
of quark momentum fractions, x, roughly
in the range 0.003 < x < 0.8. Back-
grounds typically arise at between < 1%
to 5% from multi-jet and electron plus jet
processes where one or more jets fake an
electron. The dominant sources of system-
atic uncertainties come from the electron
efficiencies and background modelling for
small rapidities and PDF uncertainties for
the higher rapidities. The result can be seen in Figure 1 as a function of rapidity and is
statistics limited. Theoretical predictions at NNLO[3] are in good agreement with the data.

3 W Charge Asymmetry

aη = −ln[tan(θ/2)], where θ is the polar angle
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Figure 2: Charge asymmetry versus muon
pseudorapidity. Solid line shows a NLO
calculation[5] using CTEQ6.1M[6]. The
dashed line shows theoretical prediction using
MRST04[7] NLO PDFs

Differences in the u and d quark PDFs
lead to a charge asymmetry in the W bo-
son rapidity distribution. DØ measures the
W charge asymmetry in the muon channel,
which is sensitive to the ratio of the u and d
quark PDFs, using 0.3fb−1 of data[4]. The
neutrino in the final state makes the recon-
struction of the boson rapidity difficult so
the lepton asymmetry is measured, intro-
ducing an additional effect from the well
understood (V-A) decay. Muons are re-
quired to be isolated with pT > 20 GeV
and |η| < 2 and the event must have
missing transverse energy, E/T > 20 GeV
and transverse mass MT > 40 GeV. Main
backgrounds at the level of a few percent
come from electroweak processes such as:
Z→ µµ and W→ τν and multijet events.

The result is statistics limited and is shown in Figure 2. The theoretical prediction is shown
as a solid line and demonstrates reasonable agreement with the data.

4 Inclusive Jet Production
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Figure 3: The inclusive jet cross section as a
function of jet pT in six |y| bins.

Measuring the inclusive jet cross section al-
lows for stringent tests of QCD. For high jet
pT s, utilising a wide acceptance in rapidity,
the cross section is directly sensitive to the
PDFs of the proton. DØ measure the dou-
ble differential cross section using 0.7fb−1

of data[8] as a function of pT , from pT >
50GeV, in six bins in rapidity, extending
out to |y| < 2.4. Jets are reconstructed us-
ing a seed-based mid-point cone algorithm
with a radius R =

√

(∆y)2 + (∆φ)2 =
0.7. Jet corrections are applied to take
into account the effects of calorimeter
response, out-of-cone showering, pile-up
and multiple interactions. Further correc-
tions are applied due to the differing re-
sponse to quark and gluon initiated jets.
Figure 3 shows the results in six bins of
rapidity, with perturbative QCD predic-
tions at NLO in αS derived using the

FASTNLO[9] program and CTEQ6.5M[6] PDFs. Additional corrections for non-
perturbative effects are applied. Experimental systematic uncertainties are smaller than
the PDF uncertainties and in most bins of the same order as the theoretical uncertainties
(estimated by varying renormalisation and factorization scales). In all regions the predictions
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agree with the data.

5 Photon + Jet Production
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Figure 4: The ratio of the measured differen-
tial cross section, in each interval, to the NLO
QCD prediction. The dotted lines represent
the effect of a factor of two variation in the
theoretical scales. A common 7.8% normali-
sation uncertainty is not shown on the data
points.

The measurement of the production of a
photon associated with jets allows for a
powerful probe of QCD. Isolated final state
photons in pp̄ → γ + jet + X events
are expected to arise dominantly through
Compton-like qg → qγ and annihilation
qq̄ → gγ processes. In particular the Comp-
ton process dominates at low pγ

T < 120GeV.
DØ uses 1fb−1 of data to measure the dif-
ferential cross section versus pγ

T in four
bins representing different angular config-
urations of the jets and photon[10]. Iso-
lated photons are selected with |yγ | < 1
and 30 < pγ

T < 400 GeV. The leading jet
is required to be either central |yjet| < 0.8
or forward 1.5 < |yjet| < 2.5 and with

pjet

T > 15 GeV. The four angular configu-
rations studied are: yγyjet < 0, yγyjet > 0
each for forward and for central jets. The
measurement covers a kinematic range in
x and Q2 of 0.007 < x < 0.8 and 900 <
Q2 < 1.6 × 105GeV2 and in particular at
low-x is sensitive to the gluon PDF. Photon-
like backgrounds from π0, η etc. and from
misidentified jets are suppressed using neu-
ral networks. A sliding cut on E/T is used
to reject backgrounds from cosmic rays and W → eν events. Statistical uncertainties vary
from 0.2% to 20% for the most and least populated bins respectively. The experimental
systematics contribute around 10% to 15% to the overall experimental uncertainty. Fig-
ure 4 shows the ratio of the measured cross section to theory calculations at NLO using
JETPHOX[11, 12] and CTEQ6.5M[6] PDFs and BFG[13] fragmentation for the four mea-
surement bins. The NLO predictions using a variety[6, 7, 14, 15] of PDFs are not able to
simultaneously describe the shape of the pγ

T dependence of the cross section across the whole
range. Futhermore, theoretical scale variation cannot simultaneously describe the data-to-
theory ratio in each of the four regions. This points to a need for an improved description
of γ+jet production.

6 W + charm production

The CKM suppression of the leading order d-quark-gluon fusion process means W+charm
production provides direct sensitivity to the strange quark PDF at high Q2. DØ measures
the ratio of the cross sections: σ(pp̄ → W+c−jet)/σ(pp̄ → W+jets) using 1fb−1 of data[16].
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Figure 5: Measured cross section ratio. In-
ner error bars show statistical uncertainties
and outer show the quadratic sum of statis-
tical and systematic uncertainties.

This ratio allows the cancellation of a num-
ber of experimental and theoretical uncer-
tainties. W bosons are selected using their
decays to electrons and muons and requir-
ing large E/T in the event. Charm can-
didates are identified by the presence of
muons within a reconstructed jet and mak-
ing use of the charge correlation between
the muon from the charm decay and the
lepton from the W decay. The measured
fraction of W+charm in the w+jets sample
is 0.074 ± 0.019stat+0.012−0.014syst. This
agrees with theoretical predictions and cor-
responds to a 3.5σ significant signal.

7 Summary

Five analyses have been presented which are
sensitive to the proton PDFs. The first
three have already been included in some
global parton fits. The analyses presented
have only made use of up to around 1fb−1

of data whereas around 4fb−1 are (at the time of writing) recorded on tape. Once theoretical
understanding has improved and additional data has been analysed the final two analyses
could also provide important inputs to these fits.
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