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Abstract. A summary is given of some of the recent measurements made by the H1 Collaboration
in ep collisions at HERA. These include studies of electroweak parameters, of proton charm and
beauty structure functions, ofαs from the ratio of tri- to dijet cross sections, of diffractive scattering
with dijets in the final state and of searches for strange pentaquarks. Also the first results from the
analysis of HERA IIe+p ande−p data are shown, including studies of events with isolated leptons
and large missing transverse momentum and the first measurement of charged current cross sections
with left handed polarisede− beams.

PACS: 10.

INTRODUCTION

Recent measurements are summarised, which were made by the H1 Collaboration in the
year leading up to the Deep Inelastic Scattering (DIS) Conference in Madison. First the
results are presented which are obtained with the HERA Ie+p ande−p data taken in the
years 1994-2000, comprising an integrated luminosity of upto ∼ 120 pb−1. Second the
results are shown which are made with the recent HERA II data with longitudinally po-
larised lepton beams, comprising up to∼ 74 pb−1 of integrated luminosity. Many further
results, and more detail on the topics discussed here, can befound in the accompanying
articles in these Proceedings. The H1 apparatus is described in detail in [1].

FIT OF ELECTROWEAK PARAMETERS

Electron proton scattering at HERA is dominated by photon exchange for the largest
part of the covered phase space in momentum transferQ2. However one probes at
HERA also the region where

√

Q2 is approaching or exceeding the masses of the W
and Z electroweak gauge bosons, and where the exchange of these bosons is of similar
strength as theγ exchange. Necessary ingredients for calculating these processes are
the quark densities in the proton and the electroweak parameters such as the coupling
constants of the quarks to the gauge bosons. Using thee+p and e−p charged (W-
exchange) and neutral current (γ andZ-exchange) cross sections previously measured by
the H1 experiment [2, 3, 4, 5], a combined electroweak and QCDanalysis is performed
to determine electroweak parameters fully accounting for their correlations with proton
parton distributions.



Theneutral currentmeasurements are used to determine for the first time at HERA the
vector and axial coupling constants of theu andd quarks to the Z boson. The results are
shown in figure 1. The sign ambiguities, which are present in the LEPe+e− results [6],
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FIGURE 1. Results at 68% confidence level (CL) on the weak neutral current couplings ofu (left
plot) andd (right plot) quarks to theZ boson determined in the H1 measurement (the shaded contours)
in comparison with those determined by the combined LEP data[6] which have both sign andv− a
exchange ambiguities. The dark-shaded contours correspond to results of a simultaneous fit of all four
couplings whereas the lighted-shaded contours correspondto results of fits where eitherd or u quark
couplings are fixed to their Standard Model (SM) values. The stars show the expected SM values.

as can be seen in figure 1, are unambiguously resolved. This isdue to the fact, that at
HERA theγ−Z interference is probed over a wide range ofQ2. The obtained parameters
are in good agreement with the expected Standard Model values.

The observedQ2 shape of thecharged currentdata is exploited to determine a
W propagator mass with the resultMprop = 82.87± 1.82exp

+0.30
−0.16|model GeV. When

analysing the data in the context of the Standard model, in the so-called-on-mass-shell
(OMS) scheme [7], the Fermi constantGF can be expressed in terms ofMZ andMW
and hence also the global normalisation of the data becomes sensitive toMW. The
corresponding fit result forMW is translated into an indirect determination ofsin2

W,
yieldingsin2

W = 0.2151±0.0040exp
+0.0019
−0.0011.

The W exchange is also sensitive to the top mass through loop corrections. This
is exploited to determine for the first time at HERA the top mass with the result
mt = 108±44 GeV, where the error covers only the experimental uncertainty.

PROTON STRUCTURE FUNCTIONS Fcc̄
2 AND Fbb̄

2

H1 presents at this conference measurements of inclusive charm and beauty cross
sections in ep collisions at HERA over a wide range of momentum transfer
3.5≤ Q2 ≤ 650 GeV2. The results at higher values ofQ2 > 100 GeV2 have been



recently published [8], the preliminary measurements at lower values ofQ2 < 100 GeV2

are presented for the first time at this conference. The fraction of events containing
charm and beauty quarks is determined using a method based onthe impact parameter,
in the transverse plane, of tracks to the primary vertex, as measured by the H1 vertex
detector [9]. Values for the structure functionsFcc̄

2 andFbb̄
2 are obtained. This is the first

measurement ofFbb̄
2 . The results are shown in figure 2 as function ofQ2 in bins of the

Bjorken scaling variable x. The measurements show positivescaling violations which
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FIGURE 2. The measuredFcc̄
2 (left) andFbb̄

2 (right) shown as a function ofQ2 for variousx values.
The inner errors bars show the statistical error, the outer error bars represent the statistical and systematic
errors added in quadrature. TheFcc̄

2 measurements obtained ofD∗ mesons from H1 [10] and ZEUS [11]
and the predictions of different QCD model calculations arealso shown.

increase with decreasingx. The charm measurements are in good agreement with the
previous results extracted fromD∗ meson measurements by H1 [10] and ZEUS [11],
which are also shown in figure 2 (left). The new measurements have the advantage of a
high acceptance, which exceeds 70% in eachQ2 andx bin, both for charm and beauty.
On the contrary, for theD∗ measurements correction factors of typically> 2 have to be
applied to extrapolate the data outside theD∗ visible kinematic range, in order to obtain
an inclusive charm cross section. The charm and beauty data are compared with several
QCD model predictions. The next to leading order (NLO) perturbative QCD predictions
by MRST [12] and CTEQ [13] use the variable flavour number scheme (VFNS). In this
scheme at values ofQ2 = M2 the dominant leading order process isγg → qq̄, where



q= c or b and where the gluon is emitted from the proton. AsQ2 increases, in the region
Q2 ≫ M2 the heavy flavour quarks are treated as massless partons in the proton and the
leading order process isγq→ q. The calculations by MRST and CTEQ differ in the way
the transition between the two regimes is dealt with. This leads to significant differences
between the two predictions in the kinematic range of this measurement, especially for
beauty as can be seen in figure 2. However, within the experimental uncertainties both
calculations describe the new data well, both for charm and beauty.

In the kinematic region of this measurement, the charm contribution to the totalep
cross section, i.e. the ratioFcc̄

2 /F2 is found to be around 20%-30% and increases slightly
with increasingQ2 and decreasing x. The beauty contribution to the totalepcross section
increases rapidly from≤ 0.4% atQ2 = 12 GeV2 to ∼ 5% atQ2 = 650 GeV2.

QCD TESTS WITH FINAL STATES

Determination of αs from three to two jet ratio

H1 presents at this conference a new determination of the strong coupling constantαs
via the ratioR3/2 of tri- to dijet cross sections in deep inelastic scattering. The measure-
ment is performed over a range of momentum transfer 150< Q2 < 150000 GeV2 and
transverse jet energies 5< ET < 50 GeV. Jets are defined by the inclusivek⊥ algorithm
in the Breit frame. Figure 3 shows the measured dijet and trijet differential cross sections
as function ofQ2. The data are compared to an NLO prediction using the NLOJET++
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FIGURE 3. Neutral current di- and trijet differential cross sections, with respect toQ2, shown with
NLO pQCD predictions including hadronisation corrections. The shaded bands show the effect of varying
the renormalisation/factorisation scale by a factor of two. The highestQ2 bin is overestimated by the
theoretical predictions due to the absence of electroweak effects in the NLO calculations.

program [14], which describes the data very well with the exception of the highestQ2

bin. The cross section in this bin is overestimated by the theoretical predictions due to
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FIGURE 4. αs(MZ) values, from eachQ2 bin, as determined from a fit to the ratio of tri- to dijet cross
section in that bin, evolved to their values at their respective values ofQ2 (triangles) using the two-loop
solution of the renormalisation group equation. Uncertainties shown are statistical up to the horizontal bar,
and then the quadratic sum of statistical and systematical uncertainties. The averaged value ofαs(MZ),
found using aχ2 minimisation fit, is shown at the far right (empty diamond). The evolution of the current
world average value ofαs(MZ) is shown as a shaded band.

the absence of electroweak effects in the NLO calculation. For this reason the highest
Q2 bin is omitted in the current determination ofαs, which is discussed in the following.

For each bin inQ2 a value ofαs(MZ) is determined by matching the theoretical
prediction from NLOJET++ as function ofαs(MZ) to the measured ratioR3/2 in that
bin. Figure 4 shows theαS(MZ) values from eachQ2 bin evolved to their values at
their respective values ofQ2. The data are in agreement with the predicted evolution
by pQCD. An overall value ofαs(MZ) is calculated from the weighted average of the
αs(MZ) measurements in the bins and is also shown in figure 4 (right-most point).
The result isαs(MZ) = 0.1175± 0.00017 (stat.)±0.0050 (syst.)+0.0054

−0.0068 (th.), which
is in good agreement with the world average valueαs(MZ) = 0.1187± 0.0020. The
value is competitive with results from other experimental procedures from different
processes and is in agreement with the result recently obtained fromR3/2 by the ZEUS
collaboration [15].

Diffraction

QCD predicts that the cross section for diffractive DIS factorises into universal diffrac-
tive parton densities (DPFDs) and process-dependent hard scattering coefficients [16]
Diffractive parton densities have been determined from QCDfits to inclusive diffrac-
tive HERA data [17, 18]. Final state configurations for whicha partonic cross section
is perturbatively calculable in QCD include dijet production, which is directly sensitive
to the gluon component of the diffractive exchange. However, applying this approach to
predict diffractive dijet production inpp̄ collisions at the Tevatron leads to an overes-



timation of the observed rate by nearly one order of magnitude [19]. This discrepancy
has been attributed to the presence of the additional beam hadron remnant inpp̄ col-
lisions, which leads to secondary interactions and a breakdown of factorisation. The
transition from DIS to hadron-hadron scattering can be studied at HERA in a compar-
ison of scattering processes in DIS and in photoproduction.While in DIS the virtual
photon always directly enters the hard interaction, in photoproduction the real photon
can directly interact or be first resolved into partons whichthen initiate the hard scatter-
ing, resembling hadron-hadron scattering. H1 presents at this conference measurements
of differential dijet cross sections both in diffractive DIS (Q2 > 4 GeV2 and in photo-
production (Q2 < 0.01 GeV2). The DIS results are in good agreement with QCD fac-
torisation. In photoproduction, however, the dijet rate issuppressed by about a factor 0.5
compared to the NLO QCD prediction. This can be seen in figure 5, which shows the
differential cross section in photoproduction as functionof the quantitieszjets

IP andx jets
γ .
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FIGURE 5. Cross section for the diffractive production of two jets in photoproduction as a function
of a) zjets

IP and b)xjets
γ .The band around the NLO prediction with hadronisation correction indicates the

uncertainty resulting from the variation of the renormalisation scale by factors 0.5 and 2.

In the leading order picturezjets
IP andx jets

γ are the momentum fractions of the diffrac-
tive exchange and the photon, respectively, which are transferred into the dijet system.
Surprisingly not only the region ofx jets

γ < 0.9, where resolved photon processes are ex-

pected to be enhanced but also the complementary regionx jets
γ > 0.9, where the direct

photon contributions are expected to dominate, are suppressed at a similar level. Thus
these preliminary results are suggestive of a breakdown of factorisation in photoproduc-
tion for both direct and resolved photon interactions.



SEARCH FOR STRANGE PENTAQUARK RESONANCE

Recently several experiments have published evidence for the production of a strange
pentaquarkθ+ by various reaction processes [20, 21, 22]. It has been observed via
its decays intoK+n and intoK0

s p. Negative preliminary results, however, have been
reported [23] frompp collisions,e+e− annihilation and also from fixed target photo-
production experiments. H1 presents at this conference preliminary results on the search
for theθ+ decaying intoK0

s p in DIS, where the ZEUS experiment has found evidence
of a signal at a mass of 1.522 GeV [22].

The identification of the decay protons is based on the measured energy loss in the
central jet chambers. The invariantK0

s p mass distribution obtained by the H1 experiment
is shown in figure 6 for three different regions ofQ2 between 5 and 100 GeV2.
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FIGURE 6. InvariantK0
Sp(p̄) mass spectra for the standarddE/dx selection, in three bins ofQ2. The

full line shows the result from the fit of a background function to the data. The mass spectra show upward
and downward fluctuations but no significant peak is observed.

The mass spectra do not show any significant signal in the massrange from threshold
up to 1.7 GeV/c2. With the assumption that pentaquarks are produced by fragmentation,
mass dependent upper limits on the visibleθ± production cross sections are obtained for
the investigated different kinematic regions. When repeating the analysis with similar
cuts as were applied for the ZEUS measurement, no signal is observed either, although
the sensitivity is expected to be comparable for both experiments.

RESULTS WITH HERA II DATA

Isolated lepton events with large missing transverse momentum

One of the most exciting results from HERA I is an excess observed in the H1 data [24]
for events with an isolated lepton and large missing transverse momentum as this might
be a hint for new physics beyond the standard model. The main contribution from the
standard model to these events is the production of a real W boson (radiated from a
quark) and the subsequent decay into lepton neutrino. An excess over the predicted



cross sections was observed both for the electron and muon channel for large hadronic
transverse momentapX

T > 25 GeV. For this conference H1 has updated the measurement
with the available HERA II data. Six new electron events are found in these data but
no new muon event. The yield of isolated electrons is again inexcess over the standard
model prediction. One of the new electron events is shown in figure 7.

FIGURE 7. Display of an event with an isolated electron, missing transverse momentum and a promi-
nent hadronic jet.
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FIGURE 8. The hadronic transverse momentum distribution in the electron and muon channels com-
bined: data (full HERA data set,L = 192 pb−1) is compared to the Standard Model expectation (open
histogram). The signal component of the SM expectation, dominated by realW production, is given by
the hatched histogram.NData is the total number of data events observed,NSM is the total SM expectation.
The total error on the SM expectation is given by the shaded band.

Figure 8 shows the observed event yield, when combining the electron and muon



channel and exploiting the full HERA data set ofe+p ande−p collisions from 1994-
2005, as function ofpX

T . The numbers which are given in the figure legend correspond
to the totalpX

T range. In the restricted regionpX
T > 25 GeV, there are 17 events observed

while the SM predicts only 5.8.

Charged current cross sections with polarised e− and e+ beams

Since November 2004 the H1 and ZEUS experiments started to take for the first time
data with with longitudinally polarised electron beams. This allows for a more detailed
test of the electroweak part of the Standard Model at the energy frontier. The Standard
model predicts that the cross sections for the charged current (CC) interactionsep→ νX
should have a linear dependence on polarisation, and furthermore, the cross section for
fully right handed electrons should be zero (similarly for fully lefthanded positrons).
This follows from the abesence of right handed currents within the framework of the
Standard Model. At this conference H1 presents the first measurement of the total CC
cross section for longitudinally polarised lefthanded electrons. The data set presented
here has a mean lefthanded polarisation of (−25.40±0.44)% and comprise an integrated
luminosity of∼ 18 pb−1. The measurement requires an excellent control of the energies
deposited in the calorimeter, which is obtained by anin-situ calibration using a high
statistics Neutral Current sample. Figure 9 shows the measured dependence of thee+p
and e−p CC cross section with the lepton beam polarisation. The new measurement
with the lefthanded electron beam enters as the circle point. The figure also shows two
data points (triangles) with polarised positron beams and the results for unpolarised
beams from the HERA I data [4, 5]. The data point with an average polarisation of -40%
is the new and first CC measurement with a lefthanded polarised positron beam. This
measurement is based on data from 2004 and was made preliminary [25] in summer
2004. All the data points are in good agreement with the standard model expectation.

CONCLUSION

The H1 Collaboration is completing the analysis of the HERA Idata. At this conference
many new and even some completely novel measurements with these data are presented
such as the first determination at HERA of the axial and vectorcouplings ofu andd
quarks to the Z-boson and the measurement of the charm and beauty contribution to the
total inclusiveep scattering using a secondary vertex tagging method. First results are
obtained with the recent HERA II data. The HERA operation in the last few months
leading up to this conference, with left handed polarised electrons, is exploited to make
the first measurement of charged current eventsep→ νX for such polarised electrons.
The excess observed in the HERA I data of events with an isolated lepton and missing
transverse momentum is continued to be seen in the HERA II data. Six new candidates
have been observed in the electron channel but none in the muon channel. To draw
further conclusions, a much higher integrated luminosity is needed. This is expected to
be provided in the next years of HERA II running and will allowa wealth of new and
interesting measurements to be made at HERA.
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Many more results and details than presented in this summarytalk can be found in
these proceedings from the parallel sessions contributions.
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