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@i12) Outline

LHCf i1s a LHC forward experiment,
which Is dedicated for UHECR physics.

= Introduction and physics motivation
= Overview of the LHCf experiment

= Operation in 2009 and 2010

m First results at 900GeV and 7TeV
= Summary
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Extensive air shower observation
* longitudinal distribution
« lateral distribution
 Arrival direction

‘ Air shower development
Astrophysical parameters
e Spectrum
« Composition
 Source distribution
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The Large Hadron Collider (LHC)

TeV+/TeV
3.5TeV+3.5TeV

— E,, = 10Y7eV
— E, = 2.6x10%%V 2010-2011
450GeV+450GeV  — E ., = 2x10%%eV

2013

2009-2010

LHCTf is one of the forward experiments at LHC
The aim is to calibrate hadron interaction
models at the hlghest energy reglon of 1017eV.
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nside of TAN LHCf Detector (Arr?#?b

-Neutral particle absorber-

Il Detectors at zero degree of collisions !!

Protons Charged particles

E Neutral part
Beam pipe

‘ The detector has been installed
in 96mm gap of the beam pipes.




( l=) The LHCf detectors

Sampling and Positioning Calorimeters

«W (44 r.l , 1.7\ ) and Scintillator x 16 Layers .
* 4 positioning layers
XY-SciFi(Arml) and XY-Silicon strip(Arm#2)
« Each detector has two calorimeter towers
which allow to reconstruct n‘)

_____________________________________________________

Expected Performance
' Energy resolution (> 1OOGeV)
<5% for photons
30% for neutrons
Position resolution
< 200um (Arm#1)
40um (Arm#2)

_____________________________________________________

Front Counter

* thin scintillators with 80x80mm?
* To monitor beam condition. 40mm
« For background rejection of

beam-residual gas collisions

by coincidence analysis 20mm>¥







LHCf can measure

particles/bin
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e Gamma-rays (E>100GeV,dE/E<5%)

Energy spectra and
Transverse momentum distribution of

e Neutral Hadrons (E>a few 100 GeV, dE/E~30%)
e Neutral Pions (E>700GeV, dE/E<3%)

at psudo-rapidity range >8.4

Expected spectra b)éen'a}dron Interaction models at 7TeV+7TeV
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Operation in 2009-2010

At 450GeV+450GeV

* 06 Dec. —15 Dec. in 2009
27.7 hours for physics, 2.6 hours for commissioning
~2,800 and ~3,700 shower events in Arm1 and Arm2
* 02 May — 27 May in 2010
~15 hours for physics
~44,000 and ~63,000 shower events in Arm1 and Arm2

At 3.5TeV+3.5TeV

« 30 Mar. — 19 July in 2010
~ 150 hours for physics with several setup
~2x108 and ~2x108 shower events in Arm1 and Arm2

We completed operation at 900GeV and 7TeV successfully !
The detectors were removed from the LHC tunnel on 20 July 2010.
The detectors will be re-installed for operation at 7TeV+7TeV in 2013

after the upgrade of the detector.
10
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A transition curve for Hadron
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* L90% is defined as the longitudinal
5 position containing 90% of the sum of

. Criteria for gamma-rays 1  -90(r-1) the shower particles.
11671 +0.002 x TJE ! « PID study is still ongoing 12




Spectra at 900GeV
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The spectra are normalized by number of gamma-ray and hadron like events
The detector response for hadrons and the systematic error are under study.13



Results at 7TeV

Event sample measured by Arm2 at 30 March 2010
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L% Measured Spectra at 7TeV
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Very high statistics !! only 2% of all data
Comparisons with MC are under way.
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1t° reconstruction

An example of JU> events .. ...... measured energy spectrum @ Arm2
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« Pi0’s are a main source of electromagnetic
secondaries in high energy collisions.

* The mass peak is very useful to confirm the
detector performances and to estimate the
systematic error of energy scale.
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/7Y ratio vary a lot among different interaction models.
A good handle to probe the hadron interaction models
« Another calibration point for more robust energy scale 17



Summary

= The LHCf experiment is a dedicated experiment for
UHECR to measure energy and transverse
momentum spectra of neutral particles ina LHC
forward region.

m | HCf successfully completed data taking at
900GeV and 7TeV. The LHCf detectors has been
removed from LHC the tunnel and will be re-
iInstalled for data taking at 7TeV+7TeV in 2013.

= 900 GeV analysis is almost final and ready to be
submitted for publication while 7 TeV analysis is
progressing quickly

18
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Sub detectors -Front Counter-

= Thin scintillators with 8x8cm?2 acceptance,
which have been installed in front of each main
detector. «— Electronics box

Schematic view of Q

Front counter

Plastic Scintillators
+ Copper plate

‘\«‘;

« To monitor beam condition.

* For background rejection of
beam-residual gas collisions
by coincidence analysis

20



T Enerqv Resolution
for electrons with 20mm cal.
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70 reconstruction at the beam test
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Hit map of Gamma-rays
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Comparison between calorimeter towers of Arm2
/ Gamma-ray like Hadron like \
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Rapidity distribution at 14TeV
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