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1. Scaled momentum spectra in deep inelastic scattering at HERA

In [1] charged particle production is studied in neutral current deep inelastic ep scattering
(DIS) with the ZEUS detector at HERA using an integrated luminosity of 0.44fb~! and in the kine-
matic region 10 < 0% < 41,000 GeV?. Distributions of scaled momenta in the Breit frame are pre-
sented for particles in the current fragmentation region. The evolution of these spectra with the pho-
ton virtuality, Q%, exhibit large scaling violations. Comparing the data to e*e ™~ results, Figure 2 left,
generally supports the concept of quark-fragmentation universality. Neither Next-to-leading-order
QCD coupled with fragmentation functions parameterised from e*e™ data (NLO+FF) nor the mod-
ified leading-log approximation using local parton hadron duality (MLLA+LPHD) QCD calcula-
tions describe the data well. A better, albeit not prefect description is provided by the Ariadne
Monte Carlo program implementing the Colour Dipole Model (CDM) of parton showers.

In addition the limiting-fragmentation hypothesis and the statistical model of Bialas and Jez-
abek are tested by studying the density of charged particles as a function of the pseudorapidity,
NBreir, over the range of 10 < 0% < 10,240 GeV2. A region of linear rise and the onset of a plateau
are observed over the whole range in 0 and support the limiting fragmentation hypothesis. The
independence of the slopes on W supports the statistical approach of Bialas and Jezabek.

2. Observation of the Hadronic Final State Charge Asymmetry in High 0°
Deep-Inelastic Scattering at HERA

The first measurement of the charge asymmetry of the hadronic final state at HERA in high
02,100 < Q? < 8,000, DIS is presented in [2] by the H1 collaboration. The difference between the
event normalised distributions of the scaled momentum, x,,, for positively and negatively charged
particles, measured in the current region of the Breit frame are shown in Figure 2 right. This
charge asymmetry is found to be dependent on the scaled momentum x,, with a larger asymmetry
for large x,. The observed charge asymmetry at large x,, is also found to increase with the scale
Q corresponding at HERA to an enhancement at large Bjorken x. The results are consistent with
the expectation that at high x, the asymmetry is directly related to the valence quark content of the
proton. The observed charge asymmetry is reproduced by Monte Carlo models.

3. Scaled momentum distributions of charged particles in dijet photoproduction at
HERA

In [3] the multiplicity distributions of charged particles within cones centred on jets are mea-
sured as a function of & = In(1/x,), where x, is the fraction of the jet’s momentum carried by the
charged particle. These & distributions are measured in five bins of Ej,; and with three different
cone opening angles, 6., for yp events containing two and only two jets, using 359 pb~! of ep data
with the ZEUS detector.

The peak positions of the & distributions, §,.q, are extracted and observed to increase roughly
linearly with In(Ej,, sin(6,)) (Figure 1 left). A single value of intrinsic MLLA scale, Afy, is ex-
tracted by fitting the &,., data according to the predicted relationship between &,.q and

In(Eje sin(6,)/Acrr). The global fit value is found to be A.rp = 246 + 3(stat.) e (syst.) MeV.
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Figure 1: Left: The & peak as a function of usin(6,), i is the characteristic energy scale. The ZEUS yp
data (solid circles) and ep data (diamonds) and results from OPAL (crosses), TASSO (triangles), NOMAD
(stars) and CDF (open circles) collaborations are shown. Right: Measured n* for charged particles for the
hadronic centre of mass system for pj > 1 GeV. Data are compared to RAPGAP and DJANGOH Monte
Carlo predictions.

The Ej,; and 6. dependences of A.ss are studied by calculating a value of A.ss from each &,eqx
data point. The value of A,y weakly depends on 6. but no E},; dependence is observed. The A, sf
data are consistent with previously published data sets using different initial states, supporting the
prediction that A, s is universal.

The & distributions are also fitted using the limited momentum spectra predicted by the MLLA
and assuming LPHD, in the regions where they are applicable. The theory largely described the
data in these regions. The fitted MLLA functions are used to extract the value of A,y as a function
of Ej,; and 6. The value extracted using this method with 6. = 0.23 and averaged over Ej, is
Acpp =304 16(stat.) 3 (syst.) MeV.

The value of the LPHD parameter k. is extracted as a function of Ej.; and 6. from the fit-
ted limited momentum spectra. Corrections based on next-to-MLLA theory are included. The
value extracted with 6. = 0.23 and averaged over Ej;, is k., = 0.55+£0.01(stat.) f8j8§ (syst.) J_rgj(l)é
(theo.). The value of k., has a weak dependence on 6, and is consistent with the results published
by the CDF collaboration. The data support the assumption that x is universal.

4. Transverse momentum of charged particles at low Q> at HERA

The HERA collider allows for the study of deep inelastic scattering (DIS) at very small Bjorken
x ( 1073). At such a small x parton dynamics beyond DGLAP are expected to become important.
In [4] the hadronic final state in deep-inelastic scattering is studied by measuring, in the hadronic
centre of mass frame, the transverse momentum, p;, and rapidity spectra, N, of charged particles
in DIS with the H1 detector at HERA. The data was taken during the 2006 running period and
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corresponds to an integrated luminosity of 88.64 pb~'. The analysis is performed in the kinematical
region 5 < Q% < 100 GeV? and 0.05 < y < 0.7.

Figure 1 right shows the charged particle spectra as a function of n* for p; > 1 GeV in different
x and Q? regions. The measurements are compared to two QCD models corresponding to the
different scenarios of the parton dynamics: the DGLAP and BFKL-like (Colour Dipole Model)
evolution schemes. At largex (x > 0.001) both models give a satisfactory description of the data.
At small x the QCD model predictions by RAPGAP, based on the conventional DGLAP equations,
falls below the data. Data are well described over the full kinematic ranges by the approach based
on the Colour Dipole Model (DJANGOH), in which parton radiation is not ordered in py.
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Figure 2: Left: The measured normalised distributions of the scaled momentum, 1/Nn4 /Ax), as a function
of Q and x,. The dots (triangles) represent the new (previous) ZEUS measurement, the squares the H1 data
and the inverted triangles the e™e™ data. Right: (a) The measured normalised distributions of the scaled
momentum, D(x,), for all charged particles and for positively (pos) and negatively (neg) charged particles
separately, and (b), (c) the charge asymmetry, as a function of x,, compared to Monte Carlo predictions.
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