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The LHC forward (LHCf) is a small experiment at the LHC designed to measure neutral particles
emitted in the very forward region (pseudo-rapidity η > 8.4). It has measured proton–proton col√
√
lisions at s = 0.9, 2.76, 7 and 13 TeV, and proton–lead collisions at sNN = 5.02 and 8.16 TeV.
Its main purpose is to provide precise measurements of the production spectra of these forward
particles, in order to calibrate hadronic interaction models used in air shower observations. In this
paper we will present the current status of the LHCf experiment, regarding in particular collected
data and analysis results, as well as future prospects.
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1. Introduction

2. Set up and detectors
The LHCf detectors[1] are two small sampling calorimeters installed in the LHC tunnel at
±140 m on both side from the collision point of ATLAS experiment. Charged particles are swept
away by the D1 dipole magnet, and only neutral particles with a pseudo-rapidity η > 8.4 can reach
the detector. The two detectors, named Arm1 and Arm2, consist of 2 sampling calorimeters made
from 22 tungsten plates and 16 GSO scintillators (plastic scintillators before 2014). The total thickness of the calorimeter is 28 cm, which is equivalent to 44 X0 or 1.6 λI . The transverse sizes of the
calorimeter are 20 × 20 mm2 and 40 × 40 mm2 for Arm1, 25 × 25 mm2 and 32 × 32 mm2 for Arm2.
Energy resolution is better than 5% for photons above 100 GeV and about 40% for hadrons above
500 GeV. The position of the incident particle is reconstructed using 4 xy hodoscopes. Position
layers are made from very thin (1 mm2 cross section) GSO scintillators (plastic scintillating fibers
before 2014) for Arm1, and from 160 μ m read-out pitch silicon microstrip detectors for Arm2.
Detail performance are described in [2, 3].

3. Analysis and results
Because LHCf requires low luminosity and high β ∗ (applied in some circumstances), mea√
surements were carried under special conditions: in 2009-2010 p–p collisions at s = 0.9 and 7
√
√
√
TeV, in 2013 p–p at s = 2.76 TeV and p–Pb at sNN = 5.02 TeV, in 2015 p–p at s =13 TeV,
√
√
and in 2016 p–Pb at sNN = 5.02 and 8.16 TeV. We will present the latest results of p–p at s = 7
√
√
TeV and p–Pb at sNN = 5.02 TeV, and some preliminary results from p–p at s =13 TeV. Spectra
√
of photon, π 0 and neutron for p–p collisions at s = 7 TeV and measurement of the nuclear modi√
fication factor for p–Pb collisions at sNN = 5.02 TeV were already presented, and results can be
found in Reference [5, 6, 7, 8, 9, 10].
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Many measurements were carried to determine the origin and propagation of high energy
cosmic rays (E > 1018 eV), but the answer is still unclear. Due to its low flux, measurements
are performed at ground level where cosmic rays interact with the atmosphere and developped
into extensive air showers. Properties of the primary particle are reconstructed with the help of
Monte Carlo (MC) calculations. Since interactions between cosmic rays and the atmosphere are
dominated by soft (non-perturbative) QCD, results differ from model to model and become the
main source of uncertainties in air shower measurements. The lack of experimental data from
accelerator experiments makes the calibration of interaction models difficult. In soft collisions, a
large amount of energy tends to be carried by leading particles emitted in the forward direction.
Measurement of the forward region is strongly constrained by tight installation space and high
radiation. The LHC forward (LHCf) detectors are small and radiation hard detectors designed to
√
measure such soft inelastic collisions at the LHC. The center-of-mass energy of the LHC is s = 13
TeV for p–p collisions, which is equivalent to 1016.9 eV in the reference system where the target is
at rest. This energy is close to that of high energy cosmic rays.
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3.1 Results from Run1 (2009-2013)
Feynman suggested that the production cross section of secondary particles as a function of
√
Feynman-x (xF = 2pz / s) were independent of the incident energy in the forward region.[4]. This
√
is called the Feynman scaling; the xF distribution ((xF /σinel )(d σ /dxF )) is independent of s for
xF > 0.2. The scaling allows us to extrapolate the spectra measured at LHC to higher cosmic
rays energy region. In Fig.1, we compare the xF distributions of π 0 production in two pT ranges:
√
0.0 < pT < 0.2 and 0.2 < pT < 0.4 GeV/c for p–p collisions at s = 2.76 and 7 TeV. LHCf results
confirm that the scaling holds at 20% level[11].

Fig.2 shows the nuclear modification factor as a function of pT and ylab . Nuclear modification
pp
σinel
Ed 3 σ pPb /d p3
factor is defined with the following formula: R pPb =
pPb Ed 3 σ pp /d p3 .
<Ncoll >σinel
√
√
The cross section for p–p at s = 5.02 TeV was interpolated from s = 2.76 and 7 TeV data[11].
Given the large uncertainties, all models are in good agreement with the measurements, predicting
a decrease of the production rate in the case the target nucleus is Pb.
√
3.2 Prelimininary analysis of Run2 (p–p collision at s = 13 TeV)
√
LHC provided p–p collisions at s = 13 TeV with a luminosity of 1029 cm−2 s−1 and β ∗
from 10 to 13 m. LHCf took data during 32 hours (8th to 12th of June 2015) under these special
conditions. This operation was achieved with the ATLAS collaboration. The trigger signals from
LHCf were sent to ATLAS that allowed us to record combined data. This common operation is
expected to classify events based on the nature of the processes: diffractive and non-diffractive.
Selecting diffractive events will help to improve the study of soft collisions[12]. Fig.3 shows the
invariant mass distribution of two photons event which is necessary for energy calibration. The
mass of π 0 and η are clearly reconstructed at around 135 and 548 MeV, respectively. In Fig.4, the
energy spectra of the reconstructed photons from data are plotted with those of MC predicted by
various interaction models in two rapidity regions: 8.99 < η < 8.81 and η > 10.94. Post-LHC
interaction models were used and EPOS-LHC agrees with measured data well.

4. Conclusions and future plans
The LHCf experiment was designed to measure neutral particles emitted in η > 8.4. We
2
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Figure 1: π 0 yield in each pT range as a function of xF . Red open circles and black filled circles indicate
√
measurements in p–p collisions at s = 2.76 and 7 TeV, respectively [11].
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Figure 3: Photon pair invariant mass obtained from p–p collision at s = 13 TeV using Arm2. The mass of
π 0 and η are clearly reconstructed at ∼ 135 MeV and ∼ 548 MeV, respectively.
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Figure 2: Nuclear modification factor of π 0 in various pT ranges as a function of yl ab . Filled black circles
are the LHCf measurements with error bars including statistical and systematic uncertainties. Other colored
lines are the MC predictions by hadronic interaction models[11].
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measured p–p and p–Pb collisions at LHC with various collision energies and showed that no model
can perfectly explain the experimental data. Measurements of energy and pT spectra of the neutral
particles produced in the very forward region can therefore be used to calibrate models. Further
study with ATLAS collaboration can help to identify different types of events, e.g. diffractive and
√
non diffractive. In October 2016, LHC took data with p–Pb collisions at s = 8.16 TeV. In 2017,
the LHCf Arm1 detector will be used as the RHICf detector to measure polarized proton–proton
√
collisions at s = 510 GeV[13].
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Figure 4: Comparison of the single photon energy spectra between experimental data and MC calculations.
Top panels show the spectra and bottom panels show the ratios of MC results(colored) to experimental
data(black).

