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LHCf, the smallest LHC experiment, is a fully 
dedicated collider experiment to HECR Physics

Two independent electromagnetic calorimeters 
equipped with position sensitive layers, on both 
sides of IP1

7 TeV + 7 TeV proton collisions at LHC 7 TeV + 7 TeV proton collisions at LHC 
correspond to Ecorrespond to ELABLAB = 10= 101717 eVeV

The LHCf experiment at LHC

Measure energy and position 
for h<8 of gamma from p0

decays and neutrons produced 
in pp interactions at LHC

International collaboration 
mainly Japan-Europe (about 30 
members)
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DetectorsDetectors installedinstalled inin thethe TANTAN region,region, 140140 mm awayaway fromfrom ATLASATLAS InteractionInteraction PointPoint (IP(IP11))
HereHere thethe beambeam pipepipe splitssplits inin 22
separateseparate tubestubes..

 ChargedCharged particleparticle areare sweptswept awayaway byby
magnetsmagnets

WeWe willwill covercover upup toto yy→→∞∞

Charged particlesCharged particles

Neutral particlesNeutral particles

Beam pipeBeam pipe

ProtonsProtons

Experimental Set-up
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ARM1 & ARM2 detectors

AbsorberAbsorber
22 tungsten layers                   22 tungsten layers                   
7mm 7mm –– 14 mm thick (214 mm thick (2--4 r.l.)4 r.l.)
(W: X(W: X00 = 3.5mm,  R= 3.5mm,  RMM = = 
9mm)9mm)

16 scintillator layers       16 scintillator layers       
(3 mm thick)(3 mm thick)

Trigger and energy Trigger and energy 
profile measurementsprofile measurements

EnergyEnergy

Impact pointImpact point (η)(η)

4 pairs of XY 4 pairs of XY silicon microsilicon micro--stripstrip layerslayers
(6, 12, 30, 42 r.l.) for tracking purpose(6, 12, 30, 42 r.l.) for tracking purpose
4 pairs of XY 4 pairs of XY silicon microsilicon micro--stripstrip layerslayers
(6, 12, 30, 42 r.l.) for tracking purpose(6, 12, 30, 42 r.l.) for tracking purpose

4 pairs of 4 pairs of scintillating fiber scintillating fiber layers for layers for 
tracking purpose (6, 10, 32, 38 r.l.)tracking purpose (6, 10, 32, 38 r.l.)

Arm#1Arm#1Arm#1Arm#1

Arm#2Arm#2
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Ultra High Energy Cosmic Rays

Experimental observations: Experimental observations: 

at E>100 TeV only EASat E>100 TeV only EAS

(shower of secondary particles)(shower of secondary particles)

•• lateral distributionlateral distribution

•• longitudinal distributionlongitudinal distribution

•• particle typeparticle type

•• arrival directionarrival direction

Extensive Air Showers

Astrophysical parameters:

(primary particles)

• spectrum

•composition

• source distribution

• origin and propagation

Air shower development Air shower development 

(particle interaction in the (particle interaction in the 

atmosphere)atmosphere)
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HECR Open Issues

Difference in the energy 
scale between different 
experiments???

AGASA SystematicsAGASA Systematics
Total                 Total                 
±±
Hadr Model      ~10%  Hadr Model      ~10%  
(Takeda et al., 2003)(Takeda et al., 2003)

AGASA SystematicsAGASA Systematics
Total                 Total                 
±±18%18%
Hadr Model      ~10%  Hadr Model      ~10%  
(Takeda et al., 2003)(Takeda et al., 2003)

M Nagano
New Journal of Physics 11 (2009) 065012

TheThe depthdepth ofof thethe
maximummaximum ofof thethe
showershower XXmaxmax dependsdepends
onon energyenergy andand typetype ofof
thethe primaryprimary particleparticle
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Development of atmospheric showers

LHCLHC

TevatronTevatron

A 100 PeV fixedA 100 PeV fixed--target interaction target interaction 
with air has the cm energy of a pp with air has the cm energy of a pp 

collision at the LHCcollision at the LHC

AUGERAUGER

Cosmic ray Cosmic ray 
spectrumspectrum

LHCf: use LHCLHCf: use LHC

√s = 14 TeV √s = 14 TeV ⇒⇒ EElablab=10=101717 eVeV

to calibrate MCsto calibrate MCs
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LHCf : Monte Carlo

discrimination @ <14 TeV
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LHCf operations @

900 GeV & 7 TeV 

Shower Gamma Hadron

Arm1 172,263,255 56,846,874 111,971,115 344,526

Arm2 160,587,306 52,993,810 104,381,748 676,157

With Stable Beam at 900 GeV Dec 6th – Dec 15th 2009

With Stable Beam at 900 GeV May 2nd – May 27th 2010

With Stable Beam at 7 TeV March 30th - July 19th

we took data with and without 100 μrad crossing angle for 
different vertical detector positions

Shower Gamma Hadron

Arm1 46,800 4,100 11,527

Arm2 66,700 6,158 26,094
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ARM2: γ event at 900 GeV

Longitudinal 
development

Transverse (X) 
Distribution

Transverse (Y) 
Distribution

Silicon μ-strip

Silicon μ-strip
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LHCf spectra at 900 GeV

γ-like hadron-like

γ-like hadron-like

ARM1

ARM2
MC normalised to the total 
number of events in the 2 
towers,without PID.
Only one normalisation
factor common to all 
models

Statistical 
error only

Enough 
sensitivity to 
discriminate 

between 
models!!!
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Impressive TeV Showers
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Spectra @ 7 TeV

Statistical 
error only
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π0 reconstruction: 
the mandatory tool for energy scale calibration

M/M=4.7%

M/M=2.3%
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LHCf is a dedicated astroparticle experiment to measure 
neutral particle produced in the very forward region at LHC

LHCf successfully completed data taking at 900 GeV and 7 
TeV. The detector has been removed from the TAN on July 
20

Both 900 GeV and 7 TeV analyses are almost final and 
ready to be submitted for publication 

The detector will be upgraded during 2011 to improve 
radiation hardness

LHCf will provide crucial calibration of hadron interaction 
for CR study with the actual and forthcoming data

Summary
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5%

40mm tower

Physics Performances: Energy 

and position resolution for γ

σx=40 μm

σx=170 μm

SciFi Silicon
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Light yield of plastic scintillators inserted in 
calorimeters is decreasing due to the radiation 
damage, in agreement with what we expect from our 
irradiation measurements

We are monitoring light yield by nitrogen laser and 
π0 invariant mass.  

Slow recovery of 
light yield with time
When irradiation stops
(Annealing effect)

Radiation Damage
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Integrated dose
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Radiation Damage studies


