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ABSTRACT Ultrarelativistic nucleus-nucleus collisions take place in the earth’s atmosphere, namely cosmic ray air showers. To interpret the air
shower observation to the properties of primary particles, the knowledge of the high-energy interaction is indispensable. The Large Hadron Collider
forward (LHCf) experiment has measured particle production at n>8.4, where the secondary particles carry a large fraction of collision energy, with
the LHC vs=0.9, 2.76, 7 and 13 TeV proton-proton collisions. To study the nuclear effect at an extreme condition, measurements with the Vs,,=5 TeV
p-Pb collisions were also performed. The observed cross sections of ° and neutrons, nuclear effect of the ° production in p-Pb collisions are so far
well explained by the major interaction models used in the cosmic-ray physics. To extend the Vs coverage, a new experiment RHICf is in preparation.
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F l RSN LHCf took data at LHC with 0.9, 2.76, 7 and 13 TeV proton-proton collisions.
g Lagess®hil Tiﬁiﬁfk .|y Data with 5.02 TeV proton-Lead collisions is also available. Measured cross
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Fig.1 Schematic view of atmospheric air shower Fig.2 Average mass number <InA> of the primary

. . cosmic rays as a function of energy complied from
Introduction to the CR physics airshower data 3]
Energy spectrum of cosmic rays is measured up to 102%V. Because of

their low flux, observations are performed through atmospheric air showers
(Fig.1). In the analysis of air shower data, we must rely on the Monte Carlo R :;il‘zEC?:f]"g:flerfgjdﬁe;::::j:;:E":’Mf’lfﬁu;ﬁv
simulation assuming a hadronic interaction model. In the LHC era, hadronic b e p-p collisions [6]. LHCf result is at the middle in
interaction, especially in the non-perturbative domain, is extensively 03 oo gin, (¢ 1276¢ model variation.
studied using the accelerator data [1]. This paper introduces a dedicate
experiment at LHC, Large Hadron Collider forward (LHCf) [2], operated with o e e
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Because the primary cosmic-ray particles can be heavy nuclei (Fig.2 [3]), {0 '?:: '?:,
and the target atmosphere is light nuclei like Nitrogen and Oxygen, ultimate ” - N
goal to understand the air shower phenomenon is to understand the N o - o
Ultrarelativistic Nucleus-Nucleus Collisions. S0 v VTN v R VW OTOVNTOPETOUN ..~ A L YO
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Fig.6 Neutron spectra measured at three pseudo-rapidity ranges including zero degree with
7TeV p-p collisions [7]. High neutron yield around zero degree is qualitatively explained only by
the QGSJET 11-03 model.
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Fig.3 Particle produ’crio’n in 13TeV proton-proton LB LU uncertainty, scaling of x spectrais found.
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Fig.4 Schematic view of the LHCf Arm1 (top-left) and Arm2 AF ‘i:gjf:;:a [ 080702 || @9223y>04 || (§:04>y,>00
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In high-energy hadron collisions, most of the particles are produced in the H#jw‘ M 4@%‘ bettoathy (b
central rapidity while most of the energy is carried by small number of O IE | [0y 00 | @005y, > 02 | [0 -102>y,>508
forward particles (Fig.3). LHCf has installed two independent detectors P
(Arm1 and Arm2, Fig.4) in the ATLAS interaction point (IP1) at LHC to o b F b Fie.8 Nuclear modification factors, &
. . ; : , Ropiy
measure the forward particle production. Detectors are installed 140m B bbb ) of 0 production in the proton side of
e T | " P! )
away from IP1, where only neutral particles (photons and neutrons) can T r ‘S’;gﬁ'gﬂefrn‘z;sncg'f";"’a"tsl[:]r'a';vi;bit'z
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arrive (Fig.4). The detectors are electromagnetic calorimeters with energy &0 3 e ranges. Within the experimental
and position resolutions <5% and <200um for photons with energy >100GeV wi T “m":sgsa'"‘vr Ropy is explained by the
[4], and 40% and <1mm for >500GeV hadronic showers [5]. KPS L

Summary and RHICf

LHCf has so far published photons, neutrons and n®
production cross sections with the data taken during LHC
Runl. Models are now being tuned with care of other
measurements.

Further experiments including 1) LHC p-Pb collisions at -~
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