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1. Introduction

Measurements of particle production at very small anglah waspect to the proton beam
direction (forward direction) irep collision are important for the understanding of protongfra
mentation. Measurements of forward particle also providpdrtant constraints for modeling of
high energy air showers and thereby are very valuable foutigerstanding of high energy cosmic
ray data.

New results from the H1 Experiment on very forward photon aedtron production in deep-
inelastic positron-proton scattering (DIS) are reporteld The photons and neutrons are measured
in the Forward Neutron Calorimeter (FNC) [2, 3], which wastailed at 106 m from thep interac-
tion point at a polar angel’Qvith respect to the proton beam direction at the interagtioimt. The
acceptance of the FNC is defined by the aperture of the HERABiE@ magnets and is limited to
scattering angles @ < 0.8 mrad or pseudorapidity > 7.9.

2. Forward Photon and Neutron Spectrain DIS

Differential cross sections normalised to the inclusives@ross sections are measured for
forward photons and neutrons as a function of the Feynknaariablexr = p‘*‘ / p‘*‘max for threeW
ranges: 76< W; < 130GeV, 130< W, < 190GeV and 190< W5 < 250GeV. The measurements
are shown in Figures 1 - 6 together with the Monte Carlo (MCie@redictions.

The DJANGOH program [4] is used to generate inclusive DISh&seHigher order QCD effects
are simulated using leading log parton showers as implesdantLEPTO [5], or using the Color
Dipole Model (CDM) as implemented in ARIADNE [6]. In additicthe RAPGAP [7] pion-
exchange model is used to describe the higlpart of forward neutron spectra. The data are also
compared with Cosmic Ray (CR) hadronic interaction modetarmonly used for the simulation
of CR air shower cascades: EPOS [8], QGSJET 01 [9] [10], QGSUA1] [12] and SIBYLL
[13] [14].

In Figure 1 the cross sections measured for the most enengietitons with pseudorapidity
n > 7.9 is shown as a function of Feynmarvariable for thre&V region compared to DJANGOH
(upper row) and CR (lower row) models. Both MC models, LEPT@ &DM, significantly over-
estimate the rate of forward photons by70%. The shape of the LEPTO prediction is close to
the data, while CDM exhibits a hardgg behaviour. The CR models are closer to data in abso-
lute values, but are also higher by30— 50%. These properties are well visible in the MC/Data
ratios depicted in Figure 2. The best description of the &mohphoton measurements is provided
by QGSJET model. In Figure 3 thd /Wy andWs /W ratios of thexg spectrum are shown for
DJANGOH (upper row) and CR (lower row) models. The ratio fog tlata is consistent with unity
within errors and being independent of xf, supporting the validity of Feynman scaling. The
ratios for the standard DIS models (LEPTO and CDM) are diglarger, and the ratios for CR
models are lower than unity.

The results of the¢e measurements of forward neutron production are presentédgure
4. In the upper row a comparison of the data and the CDM, RAP@APion-exchange) and
the combination of these models is shown. The ‘combined’ ehddscribes the data well. The
comparison of the data with the CR hadronic interaction neodepicted in lower row of Figure
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4. In the Figure 5 MC to Data Ratios is given for combinatiorC&#M and RAPGAPA model
and in the lower row for CR models. One can say the EPOS giwebdht description of the data.
In Figure 6 théAL /Wy andWs /W, ratios of thexg spectra are presented for Combined (upper row)
and the CR (lower row) models. The ratio for the data is caestswith unity and independent
of xg within errors, supporting the validity of Feynman scalinfhe combined model deviates
from unity but does not depend o@a while most of the CR models show a dependence with
indicating thexg scaling is broken in these models.

3. Fraction of DIS eventswith forward photons and neutrons

The measurement of forward photons and neutrons allows aftédse limiting fragmentation
hypothesis, which implies that forward particle produntis insensitive t&V. To investigate this
prediction, the ratio of the forward photon and neutron picitbn cross section to the inclusive
DIS cross section is measured as a functioiodind compared with the standard DIS and the CR
models in Figure 7.

Within the uncertainties measured fraction of DIS eventhwhotons and neutrons is inde-
pendent fromWV, in agreement with the hypothesis of limiting fragmentatict EPTO and CDM
indicate a significant differences in normalization congghato data, but independence \Wf for
photons. The CR models indicate a large spread of their gfieds and som&/ dependencies for
both, the photon and the neutron yields. For forward nesttbhe combination of the standard DIS
and pion exchange models describe the data well, but shaws\8odependencies.

4. Summary

The production of forward photons and neutrons has beeiestinl deep inelastic
positron-proton scattering in the kinematic range &> < 100Gev2,0.05< y < 0.6 and in the
pseudorapidity range of photons and neutrgns 7.9 in laboratory frame. The Monte Carlo
models overestimate the production rate of photons. WHHETO describes the shapes well,
CDM predicts a hardexg spectrum. The CR models considered are closer to the data in
normalisation. For forward neutrons none of the models rilese the data well. The combination
of standard fragmentation and the pion-exchange modetsides the measureg neutron
spectra well.

The measurements support the limiting fragmentation Hysis and are consistent with
Feynman scaling. The present measurements providesfimtight into the proton
fragmentation process and can be used for models tuning.
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Figure1: Normalized cross sections for forward photon productioa &sction ofxs compared to predic-
tions of the LEPTO and CDM MC models (upper row), and Cosmig Redronic interaction models (lower
row) for threeW ranges.
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Figure 2: The ratios of MC predictions to the data as as a functiorsofompared to predictions of the
LEPTO and CDM MC models (upper row), and Cosmic Ray hadrartieraction models (lower row) for
threeW ranges.
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Figure 3: The Photon¥\, /W andWs /Wy xe spectra ratios for LEPTO and CDM MC models (upper row),
and Cosmic Ray hadronic interaction models (lower row).
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Figure4: Normalized cross sections for forward neutron producti®a éunction ok compared to CDM,
the RAPGAP pion-exchange model and their combination us@ading factors (upper row), and Cosmic
Ray hadronic interaction models (lower row) for thi&keranges.
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Figure 5: The ratios of MC predictions to the data as a functiorxpfcompared to predictions of the
Combined(CDM+RAPGAP) models (upper row), and Cosmic Rairdwaic interaction models (lower row)

for threeW ranges.
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Figure 6: The NeutrondA,/W; andWs /W xe spectra ratios for Combined CDM and RAPGAP pion-
exchange models (upper row), and Cosmic Ray hadronic ttteramodels (lower row).
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Figure 7: Fraction of DIS events with forward photons and neutronsfametion ofW. Upper (lower) row
shows the distributions for the forward photons(neutroffi$§)e MC models are compared to the measure-
ments.



