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Like every year, a wealth of important experimental resultson the test of QCD were presented at this
yearsMoriond QCDconference. They range from low energye+e− colliders, deep inelastic scattering,
heavy ion experiments to the high energypp collider Tevatron. In this paper the major experimental
results are summarized.

1 Introduction

Over the past decades Quantum Chromodynamics1 has been established as the theory describing strong
interactions. All experimental results probing very different phenomena with ever increasing precision
at different experimental facilities are in good agreementwith its predictions. On the theoretical side
significant progress has been made in the perturbative calculations, including more and more higher-
order loop corrections such that more quantitative tests ofthe theory can be performed with present data.
These advances allow for both more quantitiative tests and for more precise predictions of important
signal and background processes at future colliders, in particular at the LHC.

Also in the non-perturbative areas new approaches have beendeveloped and advances on the pre-
dictions were made. As an example the significant progress onlattice QCD calculations, as presented at
this conference,2 should be mentioned.

In the following the main experimental results are summarized. After a short discussion of flavour
physics ate+e− colliders in Section 2, tests of perturbative QCD inep andpp collisions are presented
in Section 3. Important measurements of electroweak parameters are summarized in Section 4, before
spin physics and heavy ion collisions are discussed in Sections 5 and 6. Finally the searches for Physics
Beyond the Standard Model and for the Standard Model Higgs boson are summarized in the last two sec-
tions of the paper. It should be mentioned that despite many interesting results on prospects for physics
at the LHC priority has been given to experimental results based on data from running experiments.

2 Flavour physics

The BaBar and Belle experiments at the PEP-II and KEK B-factories, togehter with CLEO-c and recent
K-decay experiments have collected large data sets allowing them to enter the precision regime for many
measurements. At the same time the CDF and DØ experiments at the Tevatronpp collider can produce
all flavours of B-hadrons and perform unprecedented studiesin the B-physics sector.
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Figure 1: Confidence intervals on the(∆Γ − βs)-plane from the CDF collaboration (left) and(∆Γ − φs) plane from the DØ
collaboration (right). For the definition ofβs andφs, see text.

2.1 B physics results from Hadron Colliders

At the Tevatron precise measurements of lifetimes of B-baryons and B-mesons have been performed
and presented at this conference.3 Of interest are in particular the measurements for those B-baryons and
-mesons that cannot be produced at thee+e− B-factories, likeB0

s B0
c andΛb. The results reported show

an excellent agreement with theoretical predictions of theHeavy Quark Expansion theory,4 in particular
the expected lifetime hierarchy is well established.

The large data samples allow the Tevatron experiments as well to carry out first studies on CP
violation in B0

s decays using the decay modesB0
s → J/ψφ → µ+µ− K+K−. The phaseφs =

arg(−M12/Γ12), whereM12 and Γ12 are the off-digonal elements of the mass and decay matrices,
is predicted to be 0.04 in the Standard Model.5 Since new particles could appear in the mixing loop, a
precise measurement ofφs provides sensitivity to new physics via loop effects. Experimentally φs is
accessible via a measurementment ofβs which is the relative phase between the amplitudes of the direct
decay and decay after mixing.

The two collaborations have reconstructed 3200 (CDF) and 2000 (DØ) signal events in data corre-
sponding to an integrated luminosity of 2.8fb−1 and have extracted measurements ofβs (φs) and the
lifetime difference∆Γ between the twoB0

s mass eigenstates.3 The corresponding confidence intervals are
shown in Fig. 1 together with the value expected in the Standard Model. Given the present experimental
observations of 1.8σ (CDF) and 1.7σ (DØ) deviations, the analysis of more data is eagerly awaited.

The large data set has also been used to search for rare B-meson decays.6 Important results are the
95% C.L. limit on the branching ratio ofB0

s → µ+µ− of 5.8 · 10−8 (CDF, 2 fb−1) and 5.3 · 10−8

(DØ, 5 fb−1). Within the Standard Model this branching ratio is expected to have a value of(3.35 ±
0.32) · 10−9. However, large enhancements are possible through loop corrections in models beyond the
Standard Model, e.g. in supersymmetry the branching ratio is proportional totan6 β/m4

A. Future limits
from the Tevatron will start to severely constrain the mSUGRA parameter space.

The largest potential in the search for this rare decay mode has the LHCb experiment at the LHC,7

where a 95% C.L. for the Standard Model value can be set with data corresponding to 2fb−1. With
10 fb−1 the 5σ discovery sensitivity can be reached.

2.2 Highlights frome+e− accelerators

Thee+e− B factories KEK-B and PEP-II have meanwhile accumulated very large data sets correspond-
ing to an integrated luminosity of 1.5ab−1. In addition, heavy quarkonium physics continues to be the
focus of the CLEO experiment at CESR. The study of hadronic transitions among heavy quarkonium
states constitutes an important tests of non-perturbativeQCD. Major results on CP-violation, charmo-



nium and bottomonium spectroscopy as well as on seaches for new XYZ-like states were presented at
the conference and are briefly summarized in the following.

CP violation

The study of branching fractions and angular distributionsof B meson decays to hadronic final states
without charm quarks plays an important role in the understanding of CP violation in the quark sector.
Updated results from the BaBar and Belle experiments were presented on the measurement of the CKM
angleα usingB0

d → ρρ andB0
d → ππ decays.8 The combined result from the BaBar collaboration is

α = (92.4+6.0
−6.5)

0, which is in agreement with the published Belle result9 of α = (91.7 ± 14.9)o.
Whereas there is agreement on the measurement of direct CP violation in theB0

d → K+π− decay,
with BaBar reportingACP = −0.107±0.016+0.006

−0.004 and Belle reportingACP = −0.094±0.018±0.008,
there is discrepancy on the direct CP result in theB0

d → ππ channel.8

Charmonium decays

A first observations of the 3γ decay mode of the ortho-charmonium was reported by the CLEO
collaboration.11 In the analysis an excess of 24.2 events is observed above expected backgrounds, leading
to a measurement of the branching ratio of BR(J/Ψ → γγγ) = (1.2±0.3± 0.2) · 10−5. This represents
the first observation of a 3γ decay mode outside of the ortho-positronium system.

Data taken by the CLEOc experiment at the charm threshold provide a unique opportunity to in-
vestigate non-perturbative QCD. Extensive studies of semileptonic and leptonic decays ofD0,D+ and
D+

s mesons have been performed. The measured form factors and decay constants agree well with new
lattice-QCD predictions. The corresponding experimentaland theoretical errors are of comparable size.10

Charmonium(-like) X,Y,Z states

Following the exciting X(3872) discovery,12 many new charmonium-like states have been claimed over
the past years, some of them were discussed at this conference.

The Belle collaboration has confirmed their result on the observation of theZ(4430)+ state and has
shown evidence for additional charged states (Z1(4050)

+ andZ2(4250)
+) (see Fig. 2).13 An experimen-

tal confirmation of these states by other experiments would be desirable. The interpretation remains
unclear, the decay patterns are compatible with the hypothesis of tetraquark states.14

The CDF collaboration has reported evidence for the observation of a resonance in theJ/Ψφ mass
spectrum, near threshold in B decays.15 The state is observed with a statistical significance of 3.8σ with a
mass of 4143 MeV/c2 and a width of 11.7 MeV/c2 (see Fig. 2). As discussed in Ref.14, the proximity of
the signal to threshold gives some likelihood that the observation is linked to a final state enhancement
at threshold. However, the narrow width is unexpected and also here an experimental confirmation is
needed.

Figure 2: The Belle signals of theZ(4430)+ (left), Z1(4050)
+ andZ2(4250)

+(middle) states. (Right): TheJ/Ψφ mass
spectrum, represented as∆M , the difference between the mass of theµ+µ−K+K− and the mass of theµ+µ−.



All these observations look very interesting, but they needboth experimental consolidation and a
better theoretical understanding. It appears that a whole new field of charamonium-like spectroscopy
has been established in the energy range of 4-5 GeV. The theoretical interpretation is difficult and chal-
lenges the understanding of QCD.14 The observed states are candidates for multiquark states (tetraquarks,
molecules), charmonium hybrid states, threshold enhancements or statistical fluctuations.

Bottomonium spectroscopy

First observations of transitions involvingη mesons, via the decayΥ(2S) → Υ(1S)η have been reported
by the CLEO collaboration.11

The last three months of data taking of the BaBar experiment were devoted toe+e− collisions at
centre-of-mass energies of theΥ(2S),Υ(3S) and to an energy scan above theΥ(4S). The large datasets
led to the discovery of the lowest energy spin singlet state of the bottomonium systemηb in Υ(3S)
→ ηbγ decays.16 Theηb mass was measured to bemηb

= 9390.4± 3.1MeV/c2 with a hyperfine split-
ting ∆Υ(1S)−ηb

= 69.9± 3.1 MeV/c2. In Fig. 3 the measured inclusive photon spectra are shown for
Υ(3S)(left) andΥ(2S)(right) decays after subtraction of the non-peaking background.16 Superimposed
are the expected signal shapes from the largeχb(2P) → Υ(1S)γ contribution and from events which
undergo a radiative return to theΥ(1S).

These measurements were complemented by an inclusive hadronic cross-section measurement above
theΥ(4S) from 10.54 to 11.2 GeV. Based on these data parameters oftheΥ(5S) andΥ(6S) were extracted
which indicate a smaller width than the PDG values.17 This is supported by a cross-section measurement
from the Belle Collaboration ofe+e− → Υ(nS)π+π− in theΥ(5S) region of 10.83 to 11.02 GeV.18

From the data collected on theΥ(5S) resonance the Belle collaboration has measured severalB0
s

decay modes, among them theB0
s → J/Ψη andB0

s → φγ which have been seen for the first time.18 In
addition, an upper limit on theB0

s → γγ decay mode could be set. As mentioned above, theΥ(5S) →
Υ(1S, 2S, 3S)ππ decays were measured for the first time and were found to have unexpectedly large
branching ratios.18

Figure 3: The BaBar inclusive photon spectrum after subtraction of the non-peaking background for theΥ(3S) (left) andΥ(2S)
(right) data. Theηb signal is shown together with the largeχb(2P) background contribution and the radiative return events to the
Υ(1S). The inline plot in the left figure shows the inclusive photon spectrum after subtraction of all background components.

2.3 Light flavours

At the low energy front the KLOE experiment is collecting data at theφ-factory DAΦNE running on
and off theφ meson peak. At the conference measured properties on the pseudoscalar (η, η′) and scalar
(a0) mesons were presented. Among the most important results isthe search for CP violating effects
in the decayη → π+π−e+e− by measuring an asymmetry in the angleφ between thee+e− and the



π+π− decay planes in the meson rest frame. Within the experimental uncertainty of∼3% the measured
asymmetry is found to be compatible with zero.19

The KLOE experiment has presented a new precise measurementof the pion form factor using initial
state radiation events. This measurement is highly relevant for the determination of the Standard Model
prediction of the value of the anomalous magnetic moment of the muon (aµ). In this prediction the main
source of uncertainty is linked to the hadronic contribution ahad

µ , which itself is dominated by the di-pion
contribution. Based on data corresponding to 240pb−1, the di-pion contribution to the muon anomaly,
aππ

µ is measured to beaππ
µ (0.592 < mππ < 0.975 GeV) = (387.2± 3.3) ·10−10. This result represents

an improvement of 30% on the systematic error with respect tothe previously published value.20

The NA48/2 experiment at the CERN SPS has collected the worldlargest amount of charged kaon
decays. During two runs in 2003 and 2004, about18·109 events were recorded. The main goal of NA48/2
was the search for direct CP violation inK± decays into three pions. However, given the high statistics
achieved, many tests of Chiral Perturbation Theory (ChPT) are also possible in rare Kaon decays.21

3 Test of QCD at ep and pp colliders

Deep inelastic scattering experiments have played a central role in the investigation of the proton struc-
ture. Precise measurements of the cross section of Deep Inelastic Scattering (DIS) were performed at
the HERA accelerator by the H1 and ZEUS collaborations. The results revealed that theQ2 dependence
of the proton structure can be well described by perturbative QCD and the parton distribution functions
(PDFs) could be well constrained.

Quantum Chromo Dynamics is omnipresent at hadron collidersand its understanding is important
for two reasons: (i) a test of the theory itself can be performed by comparing the theoretical predictions to
the measured cross sections for high-pT processes. (ii) Due to the large production cross sections,QCD
processes constitute a background in nearly all searches for new physics and hence reliable predictions
are necessary.

3.1 Structure functions from HERA

The large data sets collected by the H1 and ZEUS experiments were used to determine the parton distri-
bution functions (PDF) in a combined analysis based on next-to-leading order QCD predictions.22 The
obtained structure function parametrizations, know asHERAPDF0.1, show an impressive precision. The
systematic errors can partially be reduced due to the combination of the two experiments and cross-
calibration effects. The measuredQ2 dependence in the data is well described, as shown in Fig. 4(left).
The extracted PDFs at aQ2 of 10 GeV2 are shown in Fig. 4(right).

By exploiting measurements at different centre-of mass energies (
√
s = 225, 252 and 318 GeV), the

HERA experiments were also able to separate the contributions from the longitudinal structure function
FL from F2.22 The data support a non-zeroFL and the agreement with model predictions is found to be
good.22

The H1 and ZEUS experiments have also made new measurements of beauty and charm cross sec-
tions and of their contributions to the structure functionF2. Again, the measurements are well described
by NLO QCD predictions.23

3.2 Measurements of the strong coupling constantαs

Jet production inep scattering at HERA provides an imporant testing ground for QCD. The inclusive
and multi-jet production cross sections can be used for a precise determination of the strong coupling
constantαs.24 In the H1 analysisαs was extracted individually from inclusive jet production over a
wide range ofQ2 and from 2-jet and 3-jet production at highQ2. The combined result is found to be
αs(mZ) = 0.1168± 0.0007 (exp.) +0.0046

−0.0030 (theo.) ± 0.0016 (PDF). These measurements allow to test
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Figure 4: (Left): Measurements of the reduced cross sectionσr from HERA and fixed target experiments.22 TheHERAPDF0.1
fits are superimposed. (Right): The gluon, sea andu andd valence quark distributions as extracted from theHERAPDF0.1fits.

the predicted running ofαs over a largeQ2 range (see Fig. 5). The ZEUS collaboration has determined
αs in photoproduction and found a consistent result:αs(mZ) = 0.1223±0.0022 (exp.) +0.0029

−0.0030 (theo.).
These measurements are competitive with those frome+e− data and are in good agreement with the
world average.25,17
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Figure 5: (Left): The running ofαs(Q) as measured from jet production in DIS at HERA. (Right): Comparisons of the different
αs determinations from HERA with the result from LEP and the world average.

In a re-analysis of data from the JADE collaboration the running of αs has also beed demon-
strated in data frome+e− collisions.26 The analysis is based on event shape data frome+e− annihi-
lations in the centre-of-mass energy range between 14 and 44GeV. From a comparison of the data
to QCD predictions at next-to-next-to-leading order (NNLO) and at NNLO combined with a next-to-
leading-log approximation (NNLO + NLLA) the strong coupling constant has been extracted to be:
αs(mZ) = 0.1172 ± 0.0021 (exp.) ± 0.0035 (had.)± 0.0030(theo.). The achieved precision of 4% is
comparable to that achieved in DIS experiments, as reportedabove.

3.3 Test of QCD at Hadron Colliders

As mentioned above, important tests of QCD can be performed at hadron colliders by confronting the
experimental cross section measurements of high-pT processes with theoretical predictions. These pred-
ications use the proton structure functions as well asαs as basic input and rely on the factorization of the



hard scattering process which can be calculated in perturbative QCD. Several high-pT processes have
been measured at the Tevatron and the data have been confronted with theoretical prodictions. In the fol-
lowing the high-pT jet production, direct photon production, the associated production of vector bosons
with jets andtt production are discussed.

High-pT jet production

The differential jet production cross sectionsd2σ/dpT dy as a function of the transverse momentumpT

of the jets for different rapidity bins∆y as measured by the CDF collaboration is shown in Fig. 6(left).27

On the experimental side, these measurements suffer from large uncertainties on the jet energy scale.
Their impact is largely reduced if the opening angle∆φ between the two leading jets is considered.
The corresponding measurements from the DØ collaboration are presented in Fig. 6(right), where the
normalized differential cross section1/σjj · dσjj/d∆φjj as measured in data is compared to the LO and
NLO calculations. Both cross section measurements show very good agreement with NLO calculations
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and no deviations from the predictions of QCD are observed. The measurements are well described over
several orders of magnitude and over the full rapidity interval.

The CDF and DØ experiments have employed the di-jet invariant mass distribution to search for
resonances decaying into jets, as predicted by different models. For both experiments good agreement
is observed between the data and theory, and the results havebeen translated into improved limits in
different models,27 in particular compositeness scalesΛ below 2.56 TeV are excluded at the 95% C.L.

γ + jet production at the Tevatron

Measurements of the inclusive cross section for the production of isolated prompt photons in association
with jets at the Tevatron and comparisons to perturbative QCD calculations have been presented.28 In
the high-pT region the measured cross sections from the CDF experiment agree well with the theoretical
predictions. However, in thepT region below 40 GeV the data show a different shape than the theoretical
predictions, in a similar manner as already observed in previous measurements.28 Deviations between
data and theory have also been seen by the DØ collaboration indifferent kinematical regions. First
measurements of theγ+ b andγ+ c cross sections have also been performed. Whereas good agreement



is observed in the case ofb jets, the theoretical prediction is found to be below the data for theγ + c-jet
measurement.

W/Z + jet production at the Tevatron

Good agreement between perturbative QCD and data has also been reported for the associated produc-
tion of vector bosons with jets.29 Next-to-leading order QCD predictions are found to offer the highest
predictive power for both the absolute rates as well as for the pT spectra of the jets. The NLO contribu-
tions are found to be sizeable and improve the agreement withdata significantly. Good agreement with
data is found both for flavour-inclusive and for heavy flavourjets.

Since the associated production of vector bosons with jets constitutes an important background pro-
cess for nearly all searches for new physics at hadron colliders, it is important to have reliable Monte
Carlo generators with predictive power available. An important part of the Tevatron studies therefore
constitues the comparison of the data to various Monte Carlogenerators. Generators matching tree-level
matrix elements with parton showers are found to provide an adequate particle level prediction but have
significant scale uncertainties due to the tree-level nature of the underlying calculations.29

Top pair production

Updated results on thett production cross section, based on data corresponding to integrated luminosities
of 1.0 fb−1 and 2.8fb−1 have been presented by the DØ and CDF collaborations, respectively.30 The
measurements were performed in the various final states (di-leptons, lepton + jets and fully hadronic).
The combined results ofσtt = 8.2 +1.0

−0.9 pb (DØ) andσtt = 7.0± 0.6 pb (CDF) are in good agreement
with the theoretical calculation based upon approximate NNLO or NLO plus soft gluon resummation
calculations.31,32,33,34 The theoretical uncertainties have been estimated to be at the level of 7-10%.

4 Measurements of Electroweak parameters

4.1 Precision measurements ofmW andmt

One of the major goals of the Tevatron Run-II is to extract precise measurements of the W and the
top quark masses. These mass values are fundamental parameters of the Standard Model. SincemW ,
mt and the Higgs boson massmH are interconnected via radiative corrections, a precise experimental
measurement of their values can be used to test the consistency of the theory. In the standard theorymW

is linked to the fine structure constantα, the Fermi constantGF , the weak mixing anglesin θW and the
radiative correction term∆r via the relation

mW =

(

π αem√
2 GF

)1/2 1

sin θW

√
1 − ∆r

.

In addition to photonic corrections, loops with top quarks and Higgs bosons contribute to the radiative
correction term. Whereas the value of∆r depends quadratically on the top quark mass, the dependence
on the Higgs boson mass is only logarithmically. Since measurements ofmW andmt are available, this
relation can be used to extract a prediction of the Higgs boson mass. Eventually, after the Higgs boson
will be discovered in the future, it may provide the ultimatetest of the theory, via the direct confrontation
of the measured Higgs boson mass value with the theoretical prediction. Therefore, measurements of
mW andmt are also relevant at the LHC.

A precise measurement of the W mass at hadron colliders constitutes a formidable challenge. Due
to the presence of the neutrino in the leptonic decay modes, adirect mass reconstruction is not possible.
In general, the leptonpT -spectra or the transverse mass of the lepton and neutrino system are used to
extractmW . A precise measurement requires an excellent understanding of experimental (lepton energy



scale, lepton energy resolutions, response to the hadronicsystem,...) and theoretical issues (higher order
corrections, photon radiation, W transverse momentum distribution).

The DØ collaboration has presented an impressive result on the W mass measurement based on an
increased data set corresponding to an integrated luminosity of 1 fb−1. The large sample ofZ → ℓℓ
events was used to improve the understanding of the detectorresponse and the lepton energy scale.
The analysis proceeds by comparing the distribution of the reconstructed transverse mass to templates
generated in Monte Carlo simulations.35 The distribution for the 499.830W → eν events selected in
data and the corresponding best fit are shown in Fig. 8. From this study the W mass is measured to be
mW = 80.401 ±0.023(stat) ±0.037(syst) GeV/c2. The systematic uncertainties are dominated by a
34MeV/c2 uncertainty due to the electron energy scale, all other systematic uncertainties are found to be
smaller than 10MeV/c2. This represents the most precise single measurement of theW mass in a hadron
collider experiment and is well compatible with the world average ofmW = 80.399± 0.025GeV/c2

(see Fig. 8(right) for a compilation of results).

A similar precision has been reached in a CDF analysis based on data corresponding to an integrated
luminosity of 0.2fb−1 yielding the resultmW = 80.413 ± 0.034(stat) ± 0.034(syst) GeV/c2.36

It should be noted that the Tevatron
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Figure 7: A compilation of results on the top-quark mass measurements of
the CDF and DØ collaborations and the resulting world average.

Run-II goal on the precison of the W
mass has been surpassed and the results
presented certainly belong to the high-
lights of the conference.

Impressive progress has likewise
been presented on the measurement of
the top-quark mass at the Tevatron.
This progress is based on an increased
data set corresponding to an integrated
luminosity of about 3fb−1 per exper-
iment. In addition, improved anal-
ysis methods are used, by exploiting
template methods as well as matrix-
element information to weigh the ob-
served events entering the mass deter-
mination. Finally, a significant reduc-
tion of the jet energy scale error is
achieved by performing an in situ jet en-
ergy calibration in top events viaW → qq decays.35

All decays modes (di-lepton, lepton + jet and fully hadronic) are used to extract the top-quark mass.
A compilation of all results is presented in Fig. 7. The most precise individual measurements are obtained
in the lepton-jet decay mode, based on the decay chaintt → Wb Wb → ℓνb jjb. The combination of
all results of the individual experiments leads tomt = 172.6 ± 0.9 (stat) ± 1.2 (syst) Gev/c2 (CDF)
andmt = 174.2 ± 0.9 (stat) ± 1.5 (syst) GeV/c2 (DØ). The present weighted average from the
Tevatron is found to be

mt = 173.1 ± 1.3 GeV/c2.

It should be noted that with this precision also the Run II goal on ∆mt has been surpassed by far. The
dominant errors at present are the energy scale of b jets and the Monte Carlo modelling. To make further
progress, probably the theoretical models need to be improved in the future. The achieved precision
is impressive, it will take some efforts at the LHC to eventually improve on this result. It is expected
that with data corresponding to an integrated luminosity of10 fb−1 a precision in the order or below
∼1 GeV/c2 can be achieved.37
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4.2 Electroweak production of single top quarks

Shortly before the conference the first observation of electroweak single top production was reported by
the DØ and CDF collaborations based on 2.3 and 3.2fb−1 of data collected at the Fermilabpp collider.
At the Tevatron top quarks are predominantly produced in pairs via the strong interaction, however, a
single top quark can also be produced via an electroweakWtb vertex, via an s- (tb̄) or a t-channel (tb̄q)
process. The cross section of single top production is smaller than thett pair production cross section
and amount at NLO toσs+t = 2.86 pb, assuming a top mass of 175GeV/c2. In addition the final
state characteristic is more difficult to separate from the large background from the associatedW+jet
production, such that the discovery required a large dataset and more sophisticated multivariate analyses
techniques.

Both experiments measure the single top quark production cross section from multivariate discrim-
inant output variables.38 The distributions of the final discriminants in the two experiments are shown
in Fig. 9. Evidence for single top production is indicated bythe excess of events at large values of the
discrinant output variable. Both experiments estimated the significance of the single top production from
a large number of pseudo-experiments to be 5.0σ. It is stated that the statistical and systematic uncer-
tainties and their correlations have been considered in thecalculations of the final signal significance.
The production cross sections were measured to be (3.94± 0.88) pb (DØ) and (2.3+0.6

−0.5) pb (CDF).
I would like to congratulate both collaborations to this discovery. At the same time I would like

to use the opportunity to remark that it is a bit unfortunate that the signal extraction relies so much on
complex multivariate techniques and I hope that with more data convincing signals can be demonstrated
in other output distributions.

Since the single top production cross section is proportional to the CKM matrix element|Vtb|2, these
measurements were also used to determine this value. By restricting the measurement to the Standard
Model interval [0,1], CDF has measured|Vtb| = 0.91 ± 0.11 (stat + syst)± 0.07 (theo). The 95% C.L.
lower limits on|Vtb| are found to be|Vtb| > 0.71 (CDF) and|Vtb| > 0.78 (DØ).38

4.3 Other top quark properties

Due to its large mass the top quark might play a special role and might serve as a window to new physics
related to electroweak symmetry breaking. It is striking that its Yukawa couplingλt, defined via the
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relationmt = λtv/
√

2 is close to 1. Therefore, it is important to measure the properties of the top
quark, like its mass, spin, charge, lifetime, gauge couplings and decay properties. The experimental
determination of forward-backward asymmetries, differential cross sections and the helicity of theW
boson have been presented at this conference.39 All measurements carried out so far indicate that the
dynamics of top production and decay are in agreement with the expectations from the Standard Model.
However, all results are currently still limited by statistical uncertainties and will profit from the inclusion
of more data.

The data have also been used to set limits on contributions from new physics.40 For example, an
upper limit on the branching ratio of the flavour changing neutral current process BR(t → Zq) <3.7%
has been set at 95% C.L. The DØ collaboration has performed a search for a resonanceX decaying to
a pair of top quarks. Since no excess above the expected background is seen, limits on the production
cross section times branching ratios have been set and interpreted in models beyond the Standard Model.
For example in top-colour-assisted technicolour models the existence of a leptophobicZ ′ boson with a
mass below 820GeV/c2 is excluded at 95% C.L.40

4.4 Diboson and electroweak top production

Measurements of the production cross sections of several di-boson production cross sections have been
reported by both Tevatron experiments based on analyses using 1.0 - 3.6fb−1 of data.41 The measured
cross sections for theZγ, ZZ,WZ andWW processes as well as the constraints extracted for the triple
gauge couplings at theγZZ, γWW andZWW vertices are in agreement with the Standard Model
predictions.41

5 Spin Physics

Since in the late 1980s the European Muon Collaboration at CERN found that the spin of the quarks con-
tributes little to the proton spin, a large theoretical and experimental effort has been started to understand
the composition of the spin and the role of gluons and orbitalangular momentum. Several experiments
presented new results at this conference.

5.1 Results from the HERMES experiment

Selected recent results on the parton distribution and fragmentation functions were presented by the
HERMES experiment.42



A novel determination of the distribution of the unpolarised strange quarksS(X) = s(x)+ s̄(x) has
been performed from a measurement of the multiplicity of charged kaons in semi-inclusive deep inelastic
scattering (SIDIS) from a deuterium target. The derived strange parton distibutionxS(x) is at variance
with the one implemented e.g. in the CTEQ6L parametrization. A comparison is shown in Fig. 10.

The HERMES experiment has also carried out investigations on transverse-momentum dependent
distribution and fragmentation functions. An example is the so called Sivers distribution function. It
describes the distribution of unpolarised quarks in a transversely polarised nucleon and can be related to
orbital angular momenta of quarks. This distribution function can experimentally be determined in semi-
inclusive deep inelastic scattering on transversely polarised targets. Asymmetries in the distribution of
hadrons in the azimuthal angles around the virtual photon direction between the lepton scattering plane
and the hadron production plane serve as observables.42 The HERMES data indicate significantly positive
Sivers asymmetries for positively charged pions and kaons (see Fig. 10). This can be interpreted as an
indication of non-zero orbital angular momenta of quarks inside the nucleon.
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5.2 Spin results from RHIC

The polarized proton beams at the Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Lab-
oratory provides a further experimental facility where thespin structure of the nucleon is investigated.

Measurements sensitive to∆G have been part of the main goals of the spin program of the PHENIX
experiment.43 The basic observables are asymmetries,ALL = (σ++ − σ+−)/(σ++ + σ+−), i.e. the
difference between the polarized and unpolarized cross sections, normalized to the total sum. The mea-
surements ofALL in certain final states provide valuable information to extract the polarized gluon
distribution function. A variety of hadron, lepton and photon probes have been measured at PHENIX.
As an example theπ0 asymmetries are shown in Fig. 11(left) together with the constraints on∆G (in a
limited range of Bjorkenx) which have been determined form a global next-to-leading order analysis.43

It is expected that data collected over the forthcoming years will significantly improve the asymmetry
measurements for different particles, different gluon kinematics and different subprocesses and thereby
provide significant constraints on the gluon polarization.

The STAR experiment at RHIC has recently installed a ForwardMeson Spectrometer which will
allow to extract asymmetries for the spin-1ω meson.44
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6 Physics of Heavy Ion Collisions

Over the past decade experiments at the CERN SPS and in particular at the Relativistic Heavy Ion
Collider (RHIC) at Brookhaven National Laboratory have established a new state of matter, which is
strongly coupled, quenches jets and behaves like a nearly ideal fluid. Despite the enormous experimental
and theoretical work, it seems that many complementary measurements at RHIC and at the LHC are still
needed to obtain a deep understanding of the underlying phenomena and to prove the existence of the
quark gluon plasma, as predicted by QCD. The up-to-date experimental results from the experiments at
the RHIC collider are briefly summarized in the following.

6.1 Resuts on Jet Quenching

In pp collisions at RHIC back-to-back hadron pairs show a clear angular correlation pattern, consistent
with di-jet production. The suppression of this correlation in central heavy ionAu−Au collisions is one
of the most striking signatures for the existing of a new strongly coupled state of matter. This suppression
is presumed to be due to the strong interaction of the hard partons with the medium created at RHIC,
leading to strong energy loss via gluon radiation. This supppression was already seen in the early days
of the experimental programme at RHIC45 and extensive measurements and theoretical calculations have
been carried out since then.

The best way to study the underlying phenomena would be to employ jet reconstruction, a well
described recipe used inpp andpp collisions. Such studies are indeed being considered in thefuture (see
below), however, so far the measurements are restricted to particle correlations.

Medium effects are quantified via the so called nuclear modification factorRAA which is the ratio
of the yield observed inAu − Au divided by the yield inpp collisions, scaled by the number of binary
collisions inAu − Au. After initial measurements of hadron-hadron correlations, the experiments have
recently focussed as well on the measurement ofγ-hadron correlations. Using photons as a “golden
probe” the trigger bias, inherent in the measurment of hadron-hadron correlations can be avoided. Since
the photon does not strongly interact with the medium it provides an unbiased and clean method to tag the
kinematics of the original hard scattering and thereby a measurement of the original parton energy in the
opposite transverse hemisphere. In Fig. 12(left) a recent result from the PHENIX experiment is shown,
the factorRAA is plotted as a function ofpT for direct photons andπ0s in centralAu−Au collisions.46

Whereas for the non strongly interating photons a yield compatible to the extrapolation frompp collisions
is measured, a suppression factor of about five is seen for theπ0s. A similar measurement has been



presented by the STAR collaboration.47 The results are presented in Fig. 12(right), whereIAA, the ratio
of the coincident yield of hadrons at∆φ = π from events triggered by a photon withpT >8 GeV/c
in Au − Au andpp collisions is shown as a function of the number of participating nucleons (which
is a measure for the centrality of the collision). Also in this case a strong suppression of hadrons in
the opposite hemisphere is seen. Although the suppression behaviour is well described by theoretical
calculations, the data do not provide sufficient discrimination power to distinguish between different
theoretical models.47
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Additional valuable information for the development and tuning of theoretical models has been
presented by the PHOBOS collaboration.48 A measurement of two-particle correlations with a high
transverse momentum particle (pT > 2.5GeV/c) was performed over a broad longitudinal acceptance
(−4 < ∆η < 2). In pp collisions the near side is characterized by a peak of correlated partners at small
angle relative to the trigger. However, in centralAu − Au collisions the correlation is extended over a
large pseudorapidity range up to|∆η| <4 (see Fig. 13, left). The fact that this so called ridge extends
over such a large range is important for the modelling and understanding of particle production in heavy
ion collisions, e.g. causality requires that the correlation be imprinted in the early moments after the
collision.48

The reconstruction of jets in heavy ion collisions holds great promise to get more insight in the par-
ton energy loss process in the medium. If the energy lost remains sufficiently well collimated it can be
collected back into jet cones of larger sizes. In particularthe study of the energy flow within the jet cones
will give valuable information about the radiation and energy loss patterns. First measurements based on
minimum bias and calorimetric triggers have been shown at this conference.47 Although jet reconstruc-
tion in heavy ion collisions is still in its infancy, it is expected that it will contribute significantly to a
better understanding of the media effects. Larger data setsand optimized trigger strategies are needed to
achieve this.

6.2 Quarkonia production

Since the early days of heavy ion collisions a strong interest is devoted to the study ofJ/ψ production and
possible suppression effects. The high density of gluons inthe quark gluon plasma is expected to hinder
the formation of quarkonium systems by a process analoguousto Debye screening of the electromagnetic
field in a plasma.49



The PHENIX experiment has measured a significantJ/ψ suppression inAu + Au collisions at√
SNN = 200 GeV, however, the interpretation of this effect is difficult, since PHENIX data ofd + Au

collisions -where the deconfinement cannot be reached- indicate that at the energies studied also cold
nuclear matter effects play a role in the suppression.50 These effects have to be understood and the
Au − Au data have to be properly corrected. In order to further develop and to disciminate between
theoretical models experimental input frompp collisons is needed.

At this conference results on various differentialJ/ψ production cross-sections (rapidity andpT

dependence) as well as measurements on theJ/ψ polarisation and the feed-down fromψ’ to J/ψ in pp
collisions have been presented by the PHENIX collaboration.51 In addition, the first measurement of high
masse+e− pairs andJ/ψ production were performed in photoproduction in ultraperipheralAu − Au
collisions. The measured invariant mass spectrum is shown in Fig. 13(right). The experiments at RHIC
have recently reached enough integrated luminosity to alsoaccess the bottomonium mass region and
there are first indications of signals.51 Further studies and more data are needed to properly address
possible suppression scenarios in this mass region.
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6.3 Future plans: RHIC beam energy scan

One way to properly study the transition and the boundary region between a hadron gas to a strongly
coupled quark gluon plasma is to vary the experimental initial conditions at RHIC by altering the beam
energy.52 In such a beam energy scan several key questions could be addressed, among them the inves-
tigation of the existence of a critical point in the QCD phasediagram of nuclear matter. The STAR
experiment at RHIC hopes to pursue an initial scan in 2010 with collisions at various energies between
5 GeV<

√
sNN < 39 GeV. Based on the analyses of these first data one hopes to identify interesting

regions where finer energy scans could be performed at a laterstage.52

7 Search for Physics Beyond the Standard Model

7.1 The Search for Supersymmetry

Supersymmetry (SUSY) is one of the most frequently discussed extension of the Standard Model. It
provides a solution to the hierarchy problem and favours theunification of gauge couplings at a Grand
Unification scale. Due to their high energies, hadron colliders are well suited to search for the existence
of the required superpartners of the Standard Model particles. The squarks and gluinos, the partners of
the strongly interacting quarks and gluons, are produced with large cross sections in strong interaction



processes. On the contrary, the supersymmetric partners ofthe gauge and Higgs bosons, the so called
charginos and neutralinos, appear either in electroweak production processes or in cascade decays of
heavier SUSY particles. The smaller production cross sections in this case require the exploitation of
final states with rather small backgrounds like three-lepton final states.

Searches for SUSY at the Tevatron have been performed in various supersymmetric scenarios.53

Many results are obtained within the framework of the Minimal Supersymmetric extension of the Stan-
dard Model (MSSM)54 with R-parity conservation and under the assumption that the lightest neutralino
χ0

1 is the lightest supersymmetric particle (LSP).
The search for charginos and neutralinos has been performedby both Tevatron experiments by con-

sidering final states with missing transverse momentum and three leptons, of which at least two are
electrons and muons. Such final states result from the decay chain pp → χ±χ0

2 → ℓνχ0
1 ℓℓχ0

1. No
evidence for supersymmetry has been found and limits on the production cross section times branching
ratio, σ · BR(3ℓ), have been set. The expected and observed limits as determined from DØ data corre-
sponding to an integrated luminosity of 2.3fb−1 are shown in Fig. 14(left) as a function of the chargino
mass. The limit is compared with the NLO cross section multiplied by branching fractions calculated
in the limit of heavy sleptons (largem0 scenario) and for slepton masses just above the mass of theχ0

2,
in which case the leptonic branching fraction for three-body decays is maximized (3ℓ-max scenario).
For the latter case an observed (expected) lower limit at the95% C.L. on the chargino mass is set at
138GeV/c2 (148GeV/c2).53

The CDF collaboration has performed a search for gauge mediated supersymmetry breaking models
with χ0

1 → γG̃ with short lifetimes in theγγEmiss
T final state. In data corresponding to 2.0fb−1

one event was observed, which is consistent with the background expectaton of0.62 ± 0.29 events.
Cross section limits have been translated into excluded regions in theχ0

1 lifetime versus mass plane (see
Fig. 14(right)) for lifetimes up to 2 ns. Forτ(χ0

1) = 0 ns, the lightest neutralino can be excluded at 95%
C.L. up to 138GeV/c2.53

In addition, many other SUSY analyses, like searches for third generation squarks in mSUGRA
scenarios and various searches in R-parity violating models have been performed. Details on these
analyses are given in Ref.53. None of them has provided evidence for the existence of supersymmetric
particles and corresponding mass limits have been set.
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The search for supersymmetry can be extended in a completelynew energy domain at the LHC. Due
to the large centre-of-mass energy of 14 TeV, the mass range up to 1.5-2TeV/c2 becomes accessible
already during the initial phase of the LHC physics program.57 It is generally believed that first traces of
SUSY will manifest themselves in the shape of inclusive spectra, like theEmiss

T spectrum or the effective



mass spectrum in multijet +Emiss
T final states. This will allow to establish the SUSY mass scale. Using

such techniques, it will be possible to probe SUSY on mass scales up to 1.5 (2)TeV/c2 with data
corresponding to an integrated luminosity of only 1 (10)fb−1. The determination of the SUSY model
parameters is more difficult. The strategy here is to select particular decay chains and to use kinematic
distributions to determine as many mass combinations of SUSY masses as possible and to perform a
global fit to all relevant SUSY parameters.57,58,59,60

7.2 Alternative Scenarios

The data samples accumulated at the Tevatron have also been used to search for other scenarios beyond
the Standard Model. Some models predict additional gauge bosonsW ′ andZ ′, that can be searched for
in their leptonic decays. Leptoquarks decaying into leptons and quarks have been searched for using
all three fermion generations. In the data samples analyzedso far at the Tevatron no evidence for the
existence of any of these particles has been found61 and the limits on particle masses have been signifi-
cantly increased, e.g. 95% C.L. lower mass limits for heavy vector bosons Z’ are set to be 1030GeV/c2.
More details are give within these proceedings.40,61,62 Due to the much higher centre-of-mass energy, a
significant extension of the explored mass range will becomepossible at the LHC.57

A search for excited states of leptons and quarks which are predicted in composite models was
performed at HERA.63 Using the full HERA data set the H1 collaboration has searched for the decay
channelsq∗ → qγ, q∗ → qZ andq∗ → qW with subsequent hadronic and leptonic decays of theW
andZ bosons. No indications of any signal was found and upper limits on the ratio off/Λ, wheref
are scaling factors of the Standard Model gauge couplings and Λ represents the compositeness scale,
have been set as a function of the mass of the excited fermions. The results which are found to be
complementary or better than those from similar analyses atLEP or at the Tevatron are presented in
Fig. 15.
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Figure 15: Exclusion limits at 95% C.L. on the ratio of coupling to compositeness scale,f/Λ, for excited electrons, neutrinos
and quarks as a function of the mass of the excited fermions (see Ref.63 for details on the coupling definition). The regions

excluded by other experiments are indicated in the plots.

8 Where is the Higgs Boson ?

The investigation of the origin of the electroweak symmetrybreaking and, linked to this, the search for
the Higgs boson is one of the major motivation for the construction of the LHC. It has been demonstrated
in many studies over the past years60,59,64 that a Standard Model Higgs boson, should it exist, will be
discovered at the LHC. It will be possible to cover the full mass range from the lower limit set by the LEP
experiments up to the theoretical bound in the order of 1TeV/c2. It has been demonstrated that several
channels are available over the full mass range. The low massregion above the LEP limit represents the
most difficult region for a Higgs boson discovery at the LHC. Recent studies have indicated that the Higgs
boson search in theH → bb decay mode via the associatedttH production is difficult and requires a very



precise knowledge of the background shape to achieve discovery significance.59,60,64 At this conference
a method to exploit jet substructure for highly boostedWH andZH events was presented.65 In a particle
level study, a relatively high signal significance is obtained due to a better background rejection and an
improved dijet mass resolution. If these results can be confirmed using a full detector simulation, these
channels would nicely complement theH → γγ andH → ττ decay modes in the difficult low mass
region. In addition, they would provide access to the b-quark Yukawa coupling and to theWWH and
ZZH couplings.

Impressive progress has been made in the Higgs boson search at the Tevatron. The two experiments,
CDF and DØ, have presented updated results based on a data corresponding to an integrated luminosity
of up to 4.2fb−1. At low mass, around 120GeV/c2, the relevant search channels exploit the associated
WH andZH production modes with subsequent decays of the vector bosons to leptons and of the Higgs
boson into abb pair. So far neither experiment has found evidence for the Higgs boson and 95% C.L.
lower limits on the production cross sections have been set as a function of the Higgs boson mass for
individual channels as well as for the combined Tevatron results.66 The observed cross-section limit for
a Higgs boson mass of 115GeV/c2 is about 2.5 times higher than the Standard Model prediction.
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Figure 16: Expected (median, for the background-only hypothesis) and observed 95% C.L. limits on the ratios to the Standard
Model cross section as a function of the Higgs boson mass for the combined CDF and DØ analyses.

In the Tevatron high mass region around 160GeV/c2 the gluon fusion production modegg → H
with the subsequent decayH → WW → ℓν ℓν mode can be exploited and has the highest signifi-
cance. The results presented at this conference are based onan integrated luminosity ranging from 3.0 to
4.2 fb−1. Also in the high mass region no excess above the expected background has been observed and
95% C.L. limits on the production cross sections have been set.67 For a Higgs boson mass of 160GeV/c2

the expected cross-section limits are factors of 1.5 (CDF) and 1.8 (DØ) higher than the Standard Model
prediction.

The results from both collaborations have been combined using both a Bayesian and a frequentist
method.67 In Fig. 16 the obtained results are summarized and the observed and expected 95% C.L. cross-
section limits are given as a function of the Higgs boson mass. The dotted line represents the median, the
green and yellow bands the one and two-sigma contours of the expected limits from a background-only
hypothesis. The solid black line respresents the limit set from the actual Tevatron data. The observed
limit shows a downward fluctuation in the mass region around 160 GeV/c2 and allows to exlude at a
95% C.L. limit a Standard Model Higgs boson in the mass region160 < mH < 170 GeV/c2. This



represents the first exclusion beyond the final limit of 114.4GeV/c2 set by the LEP experiments.68

Both collaborations expect significant improvements to theanalyses, based on increased data sets
and further analyses refinements.66,67 It is expected that with data corresponding to 10-12fb−1 the full
mass range up to 180GeV/c2 can be probed at the 95% C.L. or first evidence for the existence of a
Higgs boson can be obtained.

9 Conclusions

Many experiments at various accelerators have contributedover the past years to precise tests of QCD
and to searches forNew Physics. Many exciting results have been presented at this conference. Among
the highlights are certainly the new excluded mass region for the Standard Model Higgs boson, the
discovery the single top production and precise mass measurements of theW and the top quark mass at
the Tevatron. With the start of operation of the LHC in 2009/2010 a new era in particle physics will be
entered and hopefully ground-breaking discoveries will bemade, such that the future Moriond meetings
will be even more exciting.

Acknowledgments

It is a pleasure to thank all experimental colleagues for producing such a wealth of material and all the
speakers for the excellent talks. In particular I would liketo express my thanks to the organizers of
this conference for the excellent organization and for making this conference a high quality meeting.
Particular thanks goes to the Bolek Pietrzyk and Boaz Klima.In addition I would like to thank the
scientific program commitee, the secretaries and the ‘Moriond’ staff. Finally, special thanks goes to Tran
Than Van for meeting with his friends 43 years ago in the French alps and for creating the unique “Spirit
of Moriond”.

References

1. H.D. Politzer, Phys. Rev. Lett.30 (1973) 1346;
D.J. Gross and F.E. Wilcek, Phys. Rev. Lett.30 (1973) 134 3;
H. Fritzsch, M. Gell-Mann and H. Leutwyler, Phys. Lett.B47 (1973) 365.

2. G. Salam,Moriond QCD, theory summary, these proceedings, arXiv:0906.1736v2 [hep-ph], and
references therein.

3. S. Malde,Measurements of the masses, lifetimes and mixings of B hadrons at the Tevatron, these
proceedings.

4. I.I. Bigi, M.A. Schifman and N. Uraltsev, Ann. Rev. Nucl. Part. Sci47 (1997) 591.
5. C. Matteuzi,Flavour physics in the LHC era, an introduction, these proceedings.
6. M. Aoki, Measurements of Rare B Decays at Tevatron, these proceedings, arXiv:0906.3320v1

[hep-ex].
7. Y. Amhis,Early physics with LHCb, talk at this conference.
8. F.F. Wilson, Charmless hadronic B decays at BELLE and BABAR, these proceedings,

arXiv:0905.1830v1 [hep-ex].
9. C.-C. Chang et al. (Belle Corporation), Phys. Rev. D78, (2008) 111102.

10. W.M. Sun, Semileptonic and leptonic charm decays at CLEO-C, these proceedings,
arXiv:0906.1315v1 [hep-ex].

11. T.K. Pedlar, Bottomonium and charmonium results from CLEO, these proceedings,
arXiv:0905.4929v1 [hep-ex].

12. Belle Collaboration, S.K. Choi et al., Phys. Rev. Lett.91 (2003) 262001.
13. M. Bracko, talk at this conference.
14. E.S. Swanson,Heavy charmonium mini-review, these proceedings.



15. J. Nachtman,Evidence for a near-threshold structure in the J/ψφ channel from B+ → J/ψφK+

decays at CDF, these proceedings.
16. J. Marks,Bottomonium results from BABAR and BELLE, these proceedings, arXiv:0906.0725v1

[hep-ex].
17. C. Amsler et al. (Particle Data Group), Phys. Lett. B667 (2008) 1.
18. A. Drutskoy,Υ (5S) and Bs decays at BELLE, these proceedings, arXiv:0905.2959v1 [hep-ex].
19. F. Nguyen,KLOE results on light meson properties, these proceedings, arXiv:0904.4669v2 [hep-

ex].
20. P. Beltrame,Hadronic cross section measurements and contribution to(g− 2)µ with KLOE, these

proceedings, arXiv:0905.1977v1 [hep-ex].
21. M. Raggi,Recent results of the NA48/2 experiment, these proceedings.
22. S. Shimizu,LowQ2 structure functions including the longitudinal structurefunction, these pro-

ceedings, arXiv:0905.4712v1 [hep-ex].
23. S.K. Boutle,Heavy flavours at ZEUS and H1, these proceedings, arXiv:0906.2884v1 [hep-ex].
24. M. Gouzevitch,Jet physics and strong coupling at HERA, these proceedings, arXiv:0906.1075v1

[hep-ex].
25. S. Bethke, Prog. Part. Nucl. Phys.58 (2007) 351 [hep-ex/0606025].
26. S. Kluth,αS(mZ) from JADE event shapes, these proceedings, arXiv:0905.4891v1 [hep-ex].
27. M. Martı́nez, Recent results on jet physics at the TEVATRON, these proceedings,

arXiv:0905.2727v2 [hep-ex].
28. C. Deluca,Photon+jet production at

√
s =1.96 TeV, these proceedings, arXiv.0905.2201v1 [hep-

ex].
29. H. Nilsen, W/Z+ jets and W/Z+ heavy flavor jets at the TEVATRON, these proceedings,

arXiv:0906.0229v1 [hep-ex].
30. V. Shary,Top quark pair production cross section at Tevatron, these proceedings.
31. P. M. Nadolsky et al., Phys. Rev. D78 (2008) 013004.

W. Beenakker et al., Phys. Rev. D40 (1989) 54.
32. M. Cacciari et al., JHEP09 (2008) 127.
33. S. Moch and P. Uwer, Phys. Rev. D78 (2008) 034003.
34. N. Kidonakis and R. Vogt, Phys. Rev. D78 (2008) 074005.
35. R.L. Kehoe,Measurement of the top quark and W boson masses, these proceedings.
36. CDF Collaboration, T. Aaltonen et al., Phys. Rev. Lett.99 (2007) 151801.
37. F. Spano,Top physics at ATLAS and CMS, these proceedings, arXiv:0906.1821v1 [hep-ex].
38. D. Gillberg,Discovery of single top quark production, these proceedings.
39. L. Cerrito,Measurements of top quark properties, these proceedings, arXiv:0905.2530v1 [hep-ex].
40. R. Eusebi,Searches for new physics in top events at the TEVATRON, these proceedings,

arXiv.0905.2548v2 [hep-ex].
41. J. Sekaric, Diboson production cross sections at

√
s =1.96 TeV, these proceedings,

arXiv:0905.3185v1 [hep-ex].
42. K. Rith,Selected recent HERMES results on parton distribution and fragmentation functions, these

proceedings.
43. A. Morreale, Spin results from the PHENIX detector at RHIC, these proceedings,

arXiv:0905.2632v1 [nucl-ex].
44. A. Gordon,Recent Spin Results from STAR, these proceedings, arXiv:0906.2332v1 [nucl-ex].
45. J. Adams et al. (Star Collaboration), Nucl. Phys. A757 (2005) 102.
46. M. Nguyen,Aspects of Jet Production with PHENIX, these proceedings.
47. J.C. Dunlop,Recent Results from STAR: Correlations, these proceedings.
48. E. Wenger,Centrality dependence of∆η−∆φ correlations in heavy ion collisions, these proceed-

ings, arXiv:0906.3746v1 [nucl-ex].
49. T. Matsui and H. Satz, Phys. Lett. B178 (1986) 416.



50. E.G. Ferreiro,Cold nuclear matter effects onJ/ψ production at RHIC: Comparing shadowing
models, these proceedings, arXiv:0903.4908v1 [hep-ph].

51. Z. Conesa del Valle,Recent Quarkonia results from the PHENIX experiment, these proceedings.
52. H. Caines,The RHIC beam energy scan - STAR’s perspective, these proceedings.
53. F. Couderc,SUSY searches at the Tevatron, talk at this conference.
54. H.P. Nilles, Phys. Rep.110 (1984) 1;

H.E. Haber and G.L. Kane, Phys. Rep.117 (1985) 75;
S.P. Martin, inPerspectives on supersymmetry, Ed. G.L. Kane, World Scientific, (1998) 1, hep-
ph/9709356.

55. ALEPH Collaboration, A. Heister et al. Eur. Phys. J.C25 (2002) 339.
56. CDF Collaboration, A. Abdulencia et al., Phys. Rev. Lett. 99 (2007) 121801.
57. T. Rommerskirchen,Searches for new phenomena at CMS and ATLAS, these proceedings,

arXiv:0905.4154v1 [hep-ex].
58. ATLAS Collaboration, Detector and Physics Performance Technical Design Report,

CERN/LHCC/99-15 (1999).
59. CMS Collaboration, Detector and Physics Performance Technical Design Report,

CERN/LHCC/2006-021 (2006).
60. ATLAS Collaboration,Expected performance of the ATLAS experiment -Detector, Trigger and

Physics, CERN-OPEN-2008-020, arXiv.0901.0512v3 [hep-ex].
61. A. Boveia,Non-SUSY Searches at the Tevatron, these proceedings, arXiv:0905.3020v1 [hep-ex].
62. J. Piper,Model-independent searches for new physics at the Tevatron, these proceedings.
63. R. Placakyte,HighQ2 cross sections, electroweak measurements and physics beyond the Standard

Model at HERA, these proceedings.
64. J. Fernandez,Higgs searches at CMS and ATLAS, these proceedings, arXiv:0905.1228v3 [hep-ex].
65. M. Rubin, Light Higgs searches at the LHC using jet substructure, these proceedings,

arXiv:0905.2124v1 [hep-ph].
66. T. Gadfort,Searches for a low mass Standard Model Higgs boson at the Tevatron, these proceed-

ings.
67. S. Pagan Griso,Searches for a high mass Standard Model Higgs boson at the Tevatron, these

proceedings, arXiv:0905.2090v1 [hep-ex].
68. ALEPH, DELPHI, L3 and OPAL Collaborations, Phys. Lett.B565 (2003) 61.


