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Energy spectrum of UHE cosmic rays
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UHECR GZK Problem

~ recent situation ~

!

AUGER reported clear “cut off” feature and
directional correlation to AGN ,suggesting
UHECR is proton, while it got weaker for
newer data (ICRCQ9)
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Hadron Interaction models used In
alr shower simulations

Affect air-shower observables
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LHCTt experimental site
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LHCf: location and detector layout
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LHCf calorlmeters
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Model dependence of forward energy spectra
m Single y / neutron samples
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. :Cut 130MeV-140MeV
| i

The basic sample ; n° 3 77—
. 250
m A clean sample against & ool
beam-gas background. 2 50l
m Energy scale can be Z ool
checked by data itself 2 50:
8 %550 100 150 200 250 300

Invariant Mass [MeV]

n? Energy Distributions

-
=
(%)

Shape comparison

QGSJETII

- DPMJET3X?= 106 (C.L. <10°)
- SIBYLL X?2=83(C.L.<10%)
DPMJET3

- SIBYLL X?=28(CL=0024) b DT
—17.9= 0 1000 2000 3000 4000 5000 6000 7000
10’events DOF = 17-2=15 PI0 Energy[GeV] 09

—
=]

Counts [/200GeV/10’Inela]
2,




Y.Itow, The LHCf experiment:Cosmic rays and forward haron physics at LHC energy

Expected dose and degradation of plastic scintillators
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LHCf takes data every when LHC increases energy
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®Current detector will be “burned” until 3.5TeV run
®New detector w/ rad-hard GSO scinitillator will be ready for 5 and 7 TeV runs
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LHC ; schedule In this year
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Very forward — connection to low-x physics
Low-X high-x
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Forward scattering at very high energy

- Real situation is more complex, multi-pomeron exchange
(not simple hard parton collsions but including soft + semi-hard )

Figure 1. A general multi-Pomeron contribution to hadron-hadron scattering ampli-
tude. Elementary scattering processes (vertical thick lines) are described as Pomeron
exchanges; thin lines correspond to constituent partons, to which Pomerons are coupled.
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soft hard Semi-
hard
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High static sample for very forward hadron productions

m ~10’ n° can be corrected for a few 100 nb-1 each at

3,5and 7TeV
m higher mass hadrons (n = yy, A = nn®, etc) can be
reconstructed.
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Future : Heavy (Light) ion collisions, A-A, p-A

Neutral from 3.5TeV/n N+N collisions(DPMJET3)
pseudo-rapidity

> - out.NN.dpmjet3.1000 gamma
QO 1w neutron
> SR P TP S neutrino_...._________________  itan- | 3.5TeV
N , other neutral -
@ 100 ==
c =
1] —
10° - *
15 ' ~35
Pseudorapidity
Pseudorapidity 0 0 ——LHCf aperture
= !
s
A=
L
©
o
>
Q
O

40 15
Pseudorapidity (1
@ 28 Nov 2009



Y.ltow, The LHCf experiment:Cosmic rays and forward haron physics at LHC energy

Summary

LHCT : Dedicated measurements of neutral particles at O deg
at LHC energy for the verfication of cosmic rays interaction
models.

Detectors are installed at IP1 in 2008, ready for collisions.

As mcreasmg energy of LHC, providing several calibration
points at 1014~10t’eV of cosmic rays.

For 0.45, 1.1 3.5 TeV in 2009~2010 with LHCf-1.

For 5 and ~7 TeV in > 2010 with upgraded LHCf-2 with rad-
hard GSO scintillators.

Connection to forward hadron physics. High stat. neutral
hadron production data in LHCH.

Future HI runs. R&D in progress.

UHECR data may hint ultra high energy interactions at
beyond-LHC energy. To approach, LHCf will give firm
base of understanding at 10'/eV.
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