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HECR Composition
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v" Air shower observations determine <X__ > vs. energy

v' Model predictions to be compared differ at the level of
experimental uncertainties

v' Models must be tested by accelerator experiments 2



Cosmic-ray spectrum and collider energy
(D’Enterria et al., APP, 35,98-113, 2011 )
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LHC Era (T.Pierog, HESZ2015
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v' Good agreement between post-LHC models, QGS [1-04 and EPOS-LHC
v" No update in SIBYLL, but very good agreement with the others. By
chance???



Parameters to characterize
hadronic interaction

==

2. Particle production

Leading baryon Multi meson production

elasticity (Eyqryon/Eo) inelasticity (E,,.,n/Eo= 1-elasticity)

Baryon spectrum multiplicity
Meson spectrum

(Baryon-Baryon production)

3. Nuclear effect 4. —A interaction

nucleon
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Forward Particle Production

photon (photons = 1° -> yy)
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10 => high-E particles are emitted forward
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Forward Particle Production

v { s=14 TeV p-p collision (QGSJET 11-03)
v’ Typical p;=1GeV/c
10 => high-E particles are emitted forward
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The LHC forward experiment
LHCT Arm#1

Dl (x6MBXW)

Two independent detectors at
either side of IP1 (Arm#1, Arm#2 )

Beam
Neutra
J6mm particles

v All charged particles are swept by dipole magnet
v Neutral particles (photons and neutrons) arrive at LHCf
v’ n>8.4 (to infinity) is covered 10
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LHCf Detectors

v Imaging sampling shower calorimeters

v' Two calorimeter towers in each of Arm1 and Arm2

v’ Each tower has 44 r.l. of Tungsten,16 sampling scintillator and 4
position sensitive layers

Armitl Detector
20mmx20mm+40mmx40mm
4 XY SciFi+MAPMT

Arm#2 Detector
25mmx25mm+32mmx32mm
4 XY Silicon strip detectors




Detector performance

140 m

IP1

6cm

LHCf

Hadronic shower (MC)

2 Posmon resolutlon i

18 = . . l -
byt U S T Black X plane_
12fodrb . Red : Y-plane
4 H H H H H H
e TS SO B U NUE JUUNE SN i
500 1000 2000 2500 3000 3500
energy [GeV]

_LEnergy resolution
£r Poob b
%45; AE/E = 40%
C 3 4
40:F . ; y \
ﬁ: * Small tower
3°:F ¢ Large tower |
=t e/E ~ 40% because of 1.6\

2% 500 1000 1500 2000 2500 3000 3500
enargy [GeV]

J

Position Resolution[um]

Resolution [%)

EM shower (MQ)

Position resolution

. | @ 2nd-X

-
(-]
2]

10

| O1stX
i | ® 2nd-y
i HO1stY

10°
Energy resolution

12
10

o N & O @

E X SPS2007 40mm cal. with 450V

— O WMC 20mm cal

C Y MC 40mm cal

:— ; 450V (Low Gain)

A

: AE/E<5%
f s rwwwe QT esseenw
3 & oo

® SPS2007 20mm cal. with 450V

L 1 I S T T T T O
100 150 200 250

energy [GeV]

PID technique
400GeV photon

1TeV neutron

1 TeV Neutron

Identification of incoming

. particle by shower shape
% reconstruction

J

- =Moo

110 120 130 140

150 |mu"1&v,lr



LHCf Operation History

* 2009-2010

— Data taking with 900 GeV p-p collisions
— Data taking with 7 TeV p-p collisions

e 2013 (only Arm2)
— Data taking with 5.02 TeV p-Pb collisions

— Data taking with 2.76 TeV p-p collisions

e 2015
— Data taking with 13 TeV p-p collisions
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Forward neutron spectra in 7TeV p-p collisions
(Vs=7TeV p-p; PLB 750 (2015) 360-366)
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v’ Zero degree production is qualitatively explained by QGSJET Il
v' Non-zero-degree productions (larger cross section) are
underestimated by popular QGSIJET Il and EPOS models
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7t % p, spectra in 7TeV p-p collisions
(PRD submitted,arXiv:1507.08764 [hep-ex])
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Energy flow in 7TeV p-p collisions

v’ Post-LHC models (EPOS-LHC and QGSJET [1-04) well explain
the 1 results, but not for neutrons

v' DPMIJET3 explains the neutron results, but it is not recently
used for CR simulations
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1E
= DPMJET 3.0.6 ({s=7TeV)

v" Wider coverage in y and p; with
13TeV data
v' Wider Vs coverage with RHICf
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13TeV operation in June 2015
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LHCf physics fills: 10-13 June 2015
Total physics data taking: 26.6 hours
Observed high energy (>100GeV) particles : 39M events

n°® candidates : 0.5 M events
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13TeV operation in June 2015
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Joint analysis with ATLAS

LHCf#Arm2 ATLAS LHC#Arm1

particles

Well studied by big

Non diffraction experiments
----------------------------------- Invisible for big experiment but
Single diffraction having high energy
LHCf#Arm2 LHCf#Arm1

PYTHIA8 simulation
— Non_diff+Dif / All LHCf events (mixture of diffraction and ND)

— Non_diff

:LW/ MC True; non-diffraction (ND)
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_ . LHCf events selected using ATLAS information,
same shape to the TRUE diffraction events
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Summary

v' Collider data improve the hadronic interaction models used in the cosmic-
ray studies
v' LHCf measures forward particle spectra, both baryons and mesons, carrying
a large fraction of collision energy
 LHCf n® spectra are well explained by the post-LHC models, EPOS-LHC
and QGSIJET 11-04
 LHCf neutron spectra show excess, 30% in energy flow, than the post-
LHC models
* LHCf confirmed scaling of m® production at 2.76 TeV and 7 TeV data,
but in a limited phase space
v' 13TeV data taking in 2015 was successful
e Scaling test with wider phase space at the highest energy
* More insight to the process by collaborating with ATLAS
v' Low energy extension at RHIC is scheduled in 2017
« Wider Vs coverage for scaling test => important to access >107eV



