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1. Energy Flow Measurements

The energy flow in the forward region is directly sensitive to the amount of parton radiation
and multiparton interaction. The energy flow is measured in the forward region of pseudorapid-
ity 3.15 < |n| < 4.9 with the CMS detector [1] for minimum bias events and events containing a
dijet system in the central region (|n| < 2. The measurements [2], corrected for detector effects,
are shown in Fig. 1. The statistcal uncertainties are negligible, the systematic uncertainties, in-
dicated with the error bars in the figure, are 11-14% (13-22%) for minimum bias (dijets) events.
The uncertainty of the energy scale is 10 %. The model uncertainty of the correction from detecor
to stable particle level is 1-3 % (12-17 %) for minimum bias (dijet) events. In Fig. la the mea-
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Figure 1: Energy flow in the forward region for minimum bias event and events containing a central dijet
system.

surement of the energy flow in minimum bias events at /s = 7 TeV is compared to predictions of
different Monte Carlo event generators (MC) used to describe pp physics. The prediction without
including multiparton interactions is significantly below the measurement. Including multi-parton
interactions improves the description of the measurement. The band shows a spread of different
tunes of the PYTHIAG [3] Monte Carlo event generator. HERWIG [5, 6] with special tunes for
the two center of mass energies comes close to the measurement, whereas PYTHIAS[4] lies below
the measurement at /s = 7 TeV. In Fig. 1b it is shown that the data are well described by MC
generators used in the simulation of cosmic air showers. The observed rise of energy flow with
increasing |n| corresponds to a approximately constant transverse energy flow.

In Fig. 1c the measurement of the energy flow in events containing a dijet system with E, >
20 GeV in |n| < 2 is compared to predictions of MC generators. Predictions without multiparton
interactions (PYTHIA as well as CASCADE [7, 8]) are much below the measurements, while
predictions using multiparton interactions are close to the data. The spread of predictions obtained
with different tunes shown as the band in Fig. 1c¢ illustrates the sensitivity to the tuning parameters
for multiparton interaction. The energy flow in dijet events corresponds to an Ep flow, which
decreases with increasing |7|.

The energy distribution in the range 3.0 < |n| < 4.9 in events where a W-boson is detected via
a lepton with p, > 25 GeV in the range |1| < 2.5 is measured [9]. The energy is obtained from the
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Figure 2: Energy distribution in the range 3 < 11 < 4.9 as a function of the energy deposit in the range
—-49<n<-3.

sum of individual calorimeter towers of the hadronic forward (HF) calorimeter with a minimum
energy threshold of 4 GeV. The energy scale uncertainty in the calorimeter is estimated to be about
4+10%. The energy distributions obtained from the calorimeters on both sides of the CMS detector
(HF+) are identical.

In Fig. 2 the forward energy in HF+ is shown for events with a central W and energy deposits
in HF- between 20-100 GeV (low), 200-400 GeV (medium) and above 500 GeV (high). In the
medium energy interval the differences between the data and the different tunes are smaller than
seen in the case of the inclusive energy distributions (see Fig.2 in [9]). In the low energy interval
the measured energy distribution is badly modeled by all MC tunes. When selecting events with
high energy deposits we find that PYTHIA 8 provides a rather good description of the energy. In
contrast to that, all other tunes predict more events with large HF+ energy than observed in data.

2. Forward jet cross sections

The cross section of jets with p, > 35 GeV reconstructed with the anti-k, jet algorithm has
been measured in the range 3.2 < || < 4.7 (Fig. 3 left) [11]. In a separate measurement an addi-
tional jet with p, > 35 GeV in the central region with || < 2.8 has been required Fig.3 (middle
and right). In all measurements the dominant systematic uncertainty is the jet energy scale. While
the forward jet cross section (Fig. 3 left) is rather well described by all different predictions, the
associated central jet cross section (Fig. 3, middle and right) is not well described by PYTHIA,
POWHEG+PYTHIA [12] and CASCADE, while a reasonable description is obtained with HER-
WIG, POWHEG+HERWIG and HEJ [13, 14].

3. Conclusion

The forward energy flow in minimum bias events and in events with a central dijet of a central
W boson has been measured. The MC models which describe event properties in the central region
are not able to describe all features of the forward energy flow measurements.

The forward jet production cross section is reasonably well described by different theoretical
predictions. The central jet cross section associated with a forward jet provides additional
constraints to the theoretical modelling of multiparton production with large rapidity separations.
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Figure 3: Cross section of forward jets (3.2 < |n| < 4.7, left) and associated central jets (1| < 2.8 middle
and right) .
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