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Ultra High Energy Cosmic RaysUltra High Energy Cosmic RaysUltra High Energy Cosmic RaysUltra High Energy Cosmic RaysUltra High Energy Cosmic RaysUltra High Energy Cosmic RaysUltra High Energy Cosmic RaysUltra High Energy Cosmic Rays
Experimental observations: at 
E>100 TeV only EAS
(shower of secondary particles)
• lateral distribution
• longitudinal distribution
• particle type
• arrival direction

Extensive Air ShowersExtensive Air ShowersExtensive Air ShowersExtensive Air Showers

Astrophysical parameters:
(primary particles)
• spectrum
• composition
• source distribution
• origin and propagation

Air shower development Air shower development Air shower development Air shower development 
(particle interaction in the (particle interaction in the (particle interaction in the (particle interaction in the 

atmosphere)atmosphere)atmosphere)atmosphere)
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GZK cutoff: 10GZK cutoff: 102020 eVeV
GZK cutoff would limit energy 
to 1020eV (for protons, due to 

Cosmic Microwave Background
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The Cosmic Ray SpectraThe Cosmic Ray SpectraThe Cosmic Ray SpectraThe Cosmic Ray SpectraThe Cosmic Ray SpectraThe Cosmic Ray SpectraThe Cosmic Ray SpectraThe Cosmic Ray Spectra

Based on data Based on data Based on data Based on data 
presented at the 30presented at the 30presented at the 30presented at the 30thththth ICRCICRCICRCICRC
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super GZK super GZK super GZK super GZK super GZK super GZK super GZK super GZK 
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Different results Different results Different results Different results 
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experimentsexperimentsexperimentsexperiments
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Berezinsky 2007Berezinsky 2007Berezinsky 2007Berezinsky 2007Berezinsky 2007Berezinsky 2007Berezinsky 2007Berezinsky 2007

AGASA AGASA AGASA AGASA AGASA AGASA AGASA AGASA SystematicsSystematicsSystematicsSystematicsSystematicsSystematicsSystematicsSystematics
Total                                                  Total                                                  Total                                                  Total                                                  Total                                                  Total                                                  Total                                                  Total                                                  ±±±±±±±±18%18%18%18%18%18%18%18%
HadronHadronHadronHadronHadronHadronHadronHadron interaction interaction interaction interaction interaction interaction interaction interaction 

(QGSJET, SIBYLL) (QGSJET, SIBYLL) (QGSJET, SIBYLL) (QGSJET, SIBYLL) (QGSJET, SIBYLL) (QGSJET, SIBYLL) (QGSJET, SIBYLL) (QGSJET, SIBYLL) ~10%  ~10%  ~10%  ~10%  ~10%  ~10%  ~10%  ~10%  
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AGASAAGASAAGASAAGASA
x 0.9x 0.9x 0.9x 0.9

HiResHiResHiResHiRes x 1.2x 1.2x 1.2x 1.2
YakutskYakutskYakutskYakutsk x 0.75x 0.75x 0.75x 0.75
AugerAugerAugerAuger x 1.2x 1.2x 1.2x 1.2
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HECR compositionHECR compositionHECR compositionHECR compositionHECR compositionHECR compositionHECR compositionHECR composition

XX XX
ma

x
ma

x
ma

x
ma

x(g
/c

m
(g

/c
m

(g
/c

m
(g

/c
m22 22 )) ))The depth of the 

maximum of the shower
Xmax in the atmosphere 

depends on energy 
and type of the 
primary particle.

Different Different Different Different hadronic hadronic hadronic hadronic 
interaction modelsinteraction modelsinteraction modelsinteraction models give give give give 

different answers different answers different answers different answers 
about the composition about the composition about the composition about the composition 

of HECR.of HECR.of HECR.of HECR. Unger, ECRS 2008Unger, ECRS 2008Unger, ECRS 2008Unger, ECRS 2008Unger, ECRS 2008Unger, ECRS 2008Unger, ECRS 2008Unger, ECRS 2008LHCLHCLHCLHC
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HECR compositionHECR compositionHECR compositionHECR compositionHECR compositionHECR compositionHECR compositionHECR composition

Auger 
Xmax measurements favors 

heavier composition as 
the energy increases

Anisotropy would 
favor proton primaries 

(AGN correlation)
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Modelling Cosmic Rays at LHCModelling Cosmic Rays at LHCModelling Cosmic Rays at LHCModelling Cosmic Rays at LHCModelling Cosmic Rays at LHCModelling Cosmic Rays at LHCModelling Cosmic Rays at LHCModelling Cosmic Rays at LHC

Astrophysical parametersAstrophysical parametersAstrophysical parametersAstrophysical parameters
---- source typesource typesource typesource type
---- source distributionsource distributionsource distributionsource distribution
---- source spectrumsource spectrumsource spectrumsource spectrum
---- source compositionsource compositionsource compositionsource composition
---- propagationpropagationpropagationpropagation
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Forward PhysicsForward PhysicsForward PhysicsForward Physics
---- cross sectioncross sectioncross sectioncross section
---- particle spectra particle spectra particle spectra particle spectra 

(E, P(E, P(E, P(E, P(E, P(E, P(E, P(E, PTTTTTTTT, , , , , , , , θθθθθθθθ, , , , , , , , ηηηηηηηη, X, X, X, X, X, X, X, XFFFFFFFF))))))))

Nuclear InteractionNuclear InteractionNuclear InteractionNuclear Interaction
---- calibration with data of calibration with data of calibration with data of calibration with data of 

Monte Carlo used in Monte Carlo used in Monte Carlo used in Monte Carlo used in 
Cosmic Ray PhysicsCosmic Ray PhysicsCosmic Ray PhysicsCosmic Ray Physics
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Development of atmospheric showersDevelopment of atmospheric showersDevelopment of atmospheric showersDevelopment of atmospheric showersDevelopment of atmospheric showersDevelopment of atmospheric showersDevelopment of atmospheric showersDevelopment of atmospheric showers

LHCLHCLHCLHCLHCLHCLHCLHC

TevatronTevatronTevatronTevatronTevatronTevatronTevatronTevatron
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Cosmic ray spectrumCosmic ray spectrumCosmic ray spectrumCosmic ray spectrumCosmic ray spectrumCosmic ray spectrumCosmic ray spectrumCosmic ray spectrum
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What accelerator experiment can do?What accelerator experiment can do?What accelerator experiment can do?What accelerator experiment can do?What accelerator experiment can do?What accelerator experiment can do?What accelerator experiment can do?What accelerator experiment can do?

ØØKey parametersKey parametersKey parametersKey parametersKey parametersKey parametersKey parametersKey parameters
•• Total (inelastic) cross sectionTotal (inelastic) cross sectionTotal (inelastic) cross sectionTotal (inelastic) cross sectionTotal (inelastic) cross sectionTotal (inelastic) cross sectionTotal (inelastic) cross sectionTotal (inelastic) cross section
•• Elasticity / InelasticityElasticity / InelasticityElasticity / InelasticityElasticity / InelasticityElasticity / InelasticityElasticity / InelasticityElasticity / InelasticityElasticity / Inelasticity
•• Secondary distribution (E, PSecondary distribution (E, PSecondary distribution (E, PSecondary distribution (E, PSecondary distribution (E, PSecondary distribution (E, PSecondary distribution (E, PSecondary distribution (E, PTTTTTTTT, , , , , , , , θθ, , , , , , , , ηη, X, X, X, X, X, X, X, XFFFFFFFF))))))))

ØØTechnique of the forward measurementsTechnique of the forward measurementsTechnique of the forward measurementsTechnique of the forward measurementsTechnique of the forward measurementsTechnique of the forward measurementsTechnique of the forward measurementsTechnique of the forward measurements
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RHIC)RHIC)RHIC)RHIC)RHIC)RHIC)RHIC)RHIC)
ØØLHC experimentsLHC experimentsLHC experimentsLHC experimentsLHC experimentsLHC experimentsLHC experimentsLHC experiments
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But…But…

Charged particlesCharged particlesCharged particlesCharged particlesCharged particlesCharged particlesCharged particlesCharged particles

Neutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particles
Beam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipe

General purpose detectors (ATLAS, CMS,…) cover only the central regionGeneral purpose detectors (ATLAS, CMS,…) cover only the central regionGeneral purpose detectors (ATLAS, CMS,…) cover only the central regionGeneral purpose detectors (ATLAS, CMS,…) cover only the central regionGeneral purpose detectors (ATLAS, CMS,…) cover only the central regionGeneral purpose detectors (ATLAS, CMS,…) cover only the central regionGeneral purpose detectors (ATLAS, CMS,…) cover only the central regionGeneral purpose detectors (ATLAS, CMS,…) cover only the central region
Special detectors to access forward particles are necessarySpecial detectors to access forward particles are necessarySpecial detectors to access forward particles are necessarySpecial detectors to access forward particles are necessarySpecial detectors to access forward particles are necessarySpecial detectors to access forward particles are necessarySpecial detectors to access forward particles are necessarySpecial detectors to access forward particles are necessary
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Neutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particles
Beam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipe

Surrounding the beam pipe with detectorsSurrounding the beam pipe with detectorsSurrounding the beam pipe with detectorsSurrounding the beam pipe with detectorsSurrounding the beam pipe with detectorsSurrounding the beam pipe with detectorsSurrounding the beam pipe with detectorsSurrounding the beam pipe with detectors
Simple way, but still miss very very forward particlesSimple way, but still miss very very forward particlesSimple way, but still miss very very forward particlesSimple way, but still miss very very forward particlesSimple way, but still miss very very forward particlesSimple way, but still miss very very forward particlesSimple way, but still miss very very forward particlesSimple way, but still miss very very forward particles
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Neutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particles
Beam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipe
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Install detectors inside the beam pipeInstall detectors inside the beam pipeInstall detectors inside the beam pipeInstall detectors inside the beam pipeInstall detectors inside the beam pipeInstall detectors inside the beam pipeInstall detectors inside the beam pipeInstall detectors inside the beam pipe
Challenging but ideal for charged particleChallenging but ideal for charged particleChallenging but ideal for charged particleChallenging but ideal for charged particleChallenging but ideal for charged particleChallenging but ideal for charged particleChallenging but ideal for charged particleChallenging but ideal for charged particle
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Y shape chamber enables us whole neutral measurementsY shape chamber enables us whole neutral measurementsY shape chamber enables us whole neutral measurementsY shape chamber enables us whole neutral measurementsY shape chamber enables us whole neutral measurementsY shape chamber enables us whole neutral measurementsY shape chamber enables us whole neutral measurementsY shape chamber enables us whole neutral measurements
Zero Degree CalorimetersZero Degree CalorimetersZero Degree CalorimetersZero Degree CalorimetersZero Degree CalorimetersZero Degree CalorimetersZero Degree CalorimetersZero Degree Calorimeters

Charged particlesCharged particlesCharged particlesCharged particlesCharged particlesCharged particlesCharged particlesCharged particles

Neutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particlesNeutral particles Beam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipeBeam pipe

How to access Very Forward Physics at How to access Very Forward Physics at How to access Very Forward Physics at How to access Very Forward Physics at How to access Very Forward Physics at How to access Very Forward Physics at How to access Very Forward Physics at How to access Very Forward Physics at 
LHC?LHC?LHC?LHC?LHC?LHC?LHC?LHC?
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E E E E leading hadronleading hadronleading hadronleading hadron

EEEE0000

Elasticity / inelasticityElasticity / inelasticityElasticity / inelasticityElasticity / inelasticity Forward spectraForward spectraForward spectraForward spectra Cross sectionCross sectionCross sectionCross section

EM EM EM EM 
showershowershowershower

Key Measurements at LHCKey Measurements at LHCKey Measurements at LHCKey Measurements at LHCKey Measurements at LHCKey Measurements at LHCKey Measurements at LHCKey Measurements at LHC

Neutrals in ZDCs / LHCf:      Neutrals in ZDCs / LHCf:      Neutrals in ZDCs / LHCf:      Neutrals in ZDCs / LHCf:      
neutrons, mesons (neutrons, mesons (neutrons, mesons (neutrons, mesons (ππππ0000,K,K,K,K0000

ssss àààà γγγγ ))))
TOTEMTOTEMTOTEMTOTEM
AAAATTTTLLLLAAAASSSS    FFFFwwwwdddd    ((((AAAALLLLFFFFAAAA))))
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MC tuning at LHCMC tuning at LHCMC tuning at LHCMC tuning at LHCMC tuning at LHCMC tuning at LHCMC tuning at LHCMC tuning at LHC
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MC predictions MC predictions MC predictions MC predictions for forward for forward for forward for forward 
multiplicitymultiplicitymultiplicitymultiplicity & & & & energy flow energy flow energy flow energy flow 
accessible over large accessible over large accessible over large accessible over large η range range range range 

Leading baryon (Leading baryon (Leading baryon (Leading baryon (inelasticityinelasticityinelasticityinelasticity):      ):      ):      ):      
Neutrals in ZDCs / LHCf:      Neutrals in ZDCs / LHCf:      Neutrals in ZDCs / LHCf:      Neutrals in ZDCs / LHCf:      
neutrons, mesons (πneutrons, mesons (πneutrons, mesons (πneutrons, mesons (π0000,K,K,K,K0000

ssss àààà ))))

LHC measurements of forward particle in LHC measurements of forward particle in LHC measurements of forward particle in LHC measurements of forward particle in pppp----pppp, , , , pppp----AAAA, , , , AAAA----AAAA at at at at 
ElabElabElabElab≅≅≅≅100 PeV able to strongly constrain EAS Monte Carlos.100 PeV able to strongly constrain EAS Monte Carlos.100 PeV able to strongly constrain EAS Monte Carlos.100 PeV able to strongly constrain EAS Monte Carlos.



Pseudo rapidity coverage at LHCPseudo rapidity coverage at LHCPseudo rapidity coverage at LHCPseudo rapidity coverage at LHCPseudo rapidity coverage at LHCPseudo rapidity coverage at LHCPseudo rapidity coverage at LHCPseudo rapidity coverage at LHC

pseudorapidity:    pseudorapidity:    pseudorapidity:    pseudorapidity:    pseudorapidity:    pseudorapidity:    pseudorapidity:    pseudorapidity:    ηηηηηηηη = = = = = = = = -------- ln (tanln (tanln (tanln (tanln (tanln (tanln (tanln (tanθθθθθθθθ/2)/2)/2)/2)/2)/2)/2)/2)
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Particle production at LHC over Particle production at LHC over Particle production at LHC over Particle production at LHC over ∆ηΕ∆ηΕ∆ηΕ∆ηΕ±±±±10101010
All phase space covered thanks to dedicated forward detectors!All phase space covered thanks to dedicated forward detectors!All phase space covered thanks to dedicated forward detectors!All phase space covered thanks to dedicated forward detectors!



LHC experimentsLHC experimentsLHC experimentsLHC experimentsLHC experimentsLHC experimentsLHC experimentsLHC experiments
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IP1: ATLAS forward detectorIP1: ATLAS forward detectorIP1: ATLAS forward detectorIP1: ATLAS forward detectorIP1: ATLAS forward detectorIP1: ATLAS forward detectorIP1: ATLAS forward detectorIP1: ATLAS forward detector
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LUCIDLUCIDLUCIDLUCID (Cerenkov Tubes, 17m):     (Cerenkov Tubes, 17m):     (Cerenkov Tubes, 17m):     (Cerenkov Tubes, 17m):     
Cerenkov hits over 5.4 < |Cerenkov hits over 5.4 < |Cerenkov hits over 5.4 < |Cerenkov hits over 5.4 < |η| < 6.1| < 6.1| < 6.1| < 6.1

ZDCZDCZDCZDC (W/Q(W/Q(W/Q(W/Q----fiber calo, 140m):     fiber calo, 140m):     fiber calo, 140m):     fiber calo, 140m):     
Neutral calorimetry over |Neutral calorimetry over |Neutral calorimetry over |Neutral calorimetry over |η| > 8.3| > 8.3| > 8.3| > 8.3

ALPHAALPHAALPHAALPHA (Sci(Sci(Sci(Sci----Fi RPs):    Fi RPs):    Fi RPs):    Fi RPs):    
Proton taggers at Proton taggers at Proton taggers at Proton taggers at ± 240 m240 m240 m240 m

FP220,FP420 FP220,FP420 FP220,FP420 FP220,FP420 (Si trackers, timing):    (Si trackers, timing):    (Si trackers, timing):    (Si trackers, timing):    
Proton tracking at Proton tracking at Proton tracking at Proton tracking at ±220, 420 m 220, 420 m 220, 420 m 220, 420 m 



IP1: IP1: IP1: IP1: IP1: IP1: IP1: IP1: LHCfLHCfLHCfLHCfLHCfLHCfLHCfLHCf detectordetectordetectordetectordetectordetectordetectordetector
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UHECRUHECRUHECRUHECR----oriented experiment oriented experiment oriented experiment oriented experiment 
(~30 Japan(~30 Japan(~30 Japan(~30 Japan----European Collaborators)European Collaborators)European Collaborators)European Collaborators)
Installed  at Installed  at Installed  at Installed  at ±140 m on both side of IP1 140 m on both side of IP1 140 m on both side of IP1 140 m on both side of IP1 
in TAN regionin TAN regionin TAN regionin TAN region

Double ARM detector:Double ARM detector:Double ARM detector:Double ARM detector:
ARM1:  Sci/W + 4 XY Sci Fiber LayersARM1:  Sci/W + 4 XY Sci Fiber LayersARM1:  Sci/W + 4 XY Sci Fiber LayersARM1:  Sci/W + 4 XY Sci Fiber Layers
ARM2: Sci/W + 4 XY Si ARM2: Sci/W + 4 XY Si ARM2: Sci/W + 4 XY Si ARM2: Sci/W + 4 XY Si µµµµ----strip Layersstrip Layersstrip Layersstrip Layers



IP2IP2IP2IP2IP2IP2IP2IP2--------IP8: ALICE/IP8: ALICE/IP8: ALICE/IP8: ALICE/IP8: ALICE/IP8: ALICE/IP8: ALICE/IP8: ALICE/LHCbLHCbLHCbLHCbLHCbLHCbLHCbLHCb forward detectorsforward detectorsforward detectorsforward detectorsforward detectorsforward detectorsforward detectorsforward detectors
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ZDCs also at  ZDCs also at  ZDCs also at  ZDCs also at  ±7m, 7m, 7m, 7m, ±100 m100 m100 m100 m

Good capabilities for Good capabilities for Good capabilities for Good capabilities for heavy Qheavy Qheavy Qheavy Q, , , , 
QQQQQQQQ, , , , gauge bosongauge bosongauge bosongauge boson

measurementsmeasurementsmeasurementsmeasurements
(low x(low x(low x(low x----PDFs)PDFs)PDFs)PDFs)



IP5: CMS IP5: CMS IP5: CMS IP5: CMS IP5: CMS IP5: CMS IP5: CMS IP5: CMS forward+TOTEMforward+TOTEMforward+TOTEMforward+TOTEMforward+TOTEMforward+TOTEMforward+TOTEMforward+TOTEM
detectorsdetectorsdetectorsdetectorsdetectorsdetectorsdetectorsdetectors
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IP5: CMS IP5: CMS IP5: CMS IP5: CMS IP5: CMS IP5: CMS IP5: CMS IP5: CMS forward+TOTEMforward+TOTEMforward+TOTEMforward+TOTEMforward+TOTEMforward+TOTEMforward+TOTEMforward+TOTEM
detectorsdetectorsdetectorsdetectorsdetectorsdetectorsdetectorsdetectors

Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       
University & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN Catania

Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          
EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun -------- 3 July 20093 July 20093 July 20093 July 20093 July 20093 July 20093 July 20093 July 2009

TOTEMTOTEMTOTEMTOTEM----T1,T2 T1,T2 T1,T2 T1,T2 (CSC/GEM (CSC/GEM (CSC/GEM (CSC/GEM 
telescopes):telescopes):telescopes):telescopes):
Tracking over 3.1 < |Tracking over 3.1 < |Tracking over 3.1 < |Tracking over 3.1 < |η| < 4.7, 5.3 < || < 4.7, 5.3 < || < 4.7, 5.3 < || < 4.7, 5.3 < |η| < 6.7| < 6.7| < 6.7| < 6.7

CASTORCASTORCASTORCASTOR (W/Q(W/Q(W/Q(W/Q----fiber calo):    fiber calo):    fiber calo):    fiber calo):    
Calorimetry over 5.1 < |Calorimetry over 5.1 < |Calorimetry over 5.1 < |Calorimetry over 5.1 < |η| < 6.6| < 6.6| < 6.6| < 6.6

ZDC ZDC ZDC ZDC (W/Q(W/Q(W/Q(W/Q----fiber calo):fiber calo):fiber calo):fiber calo):
Neutral calorimetry for |Neutral calorimetry for |Neutral calorimetry for |Neutral calorimetry for |η| > 8.3| > 8.3| > 8.3| > 8.3

TOTEMTOTEMTOTEMTOTEM (Si Roman Pots):(Si Roman Pots):(Si Roman Pots):(Si Roman Pots):
Proton taggers at Proton taggers at Proton taggers at Proton taggers at ±147, 147, 147, 147, ±220 m220 m220 m220 m

FP420FP420FP420FP420 (Si trackers, timing):(Si trackers, timing):(Si trackers, timing):(Si trackers, timing):
Proton tracking at Proton tracking at Proton tracking at Proton tracking at ±420 m420 m420 m420 m



TOTEM: TOTEM: TOTEM: TOTEM: TOTEM: TOTEM: TOTEM: TOTEM: pppppppp--------pppppppp total cross sectiontotal cross sectiontotal cross sectiontotal cross sectiontotal cross sectiontotal cross sectiontotal cross sectiontotal cross section
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(E710/811(E710/811(E710/811(E710/811––––CDF 2.6CDF 2.6CDF 2.6CDF 2.6σ disagreement)disagreement)disagreement)disagreement)

~  l n 2  s~  l n 2  s~  l n 2  s~  l n 2  s

Extrapolations vary by Extrapolations vary by Extrapolations vary by Extrapolations vary by 
σ(LHC) = 90(LHC) = 90(LHC) = 90(LHC) = 90----130 mb130 mb130 mb130 mb

TOTEM goal: TOTEM goal: TOTEM goal: TOTEM goal: ≅≅≅≅1111%%%%    pppprrrreeeecccciiiissssiiiioooo
special run/optics: various special run/optics: various special run/optics: various special run/optics: various β****,,,,    
low lumilow lumilow lumilow lumi



ZDC: Zero Degree CalorimetersZDC: Zero Degree CalorimetersZDC: Zero Degree CalorimetersZDC: Zero Degree CalorimetersZDC: Zero Degree CalorimetersZDC: Zero Degree CalorimetersZDC: Zero Degree CalorimetersZDC: Zero Degree Calorimeters
üü AAAALLLLIIIICCCCEEEE,,,,    AAAATTTTLLLLAAAASSSS    &&&&    CCCCMMMMSSSS    ZZZZDDDDCCCC    ((((ccccoooommmmpppplllleeeemmmmeeeennnntttteeeedddd    bbbbyyyy    AAAALLLLIIIICCCCEEEE,,,,    AAAATTTTLLLLAAAASSSS    &&&&    CCCCMMMMSSSS    ZZZZDDDDCCCC    ((((ccccoooommmmpppplllleeeemmmmeeeennnntttteeeedddd    bbbbyyyy    

CASTOR)CASTOR)CASTOR)CASTOR)CASTOR)CASTOR)CASTOR)CASTOR)
–– Total energy flow, wide aperture, high energy resolution for Total energy flow, wide aperture, high energy resolution for Total energy flow, wide aperture, high energy resolution for Total energy flow, wide aperture, high energy resolution for Total energy flow, wide aperture, high energy resolution for Total energy flow, wide aperture, high energy resolution for Total energy flow, wide aperture, high energy resolution for Total energy flow, wide aperture, high energy resolution for 

hadrons, (proton measurement only by ALICE ZDC)hadrons, (proton measurement only by ALICE ZDC)hadrons, (proton measurement only by ALICE ZDC)hadrons, (proton measurement only by ALICE ZDC)hadrons, (proton measurement only by ALICE ZDC)hadrons, (proton measurement only by ALICE ZDC)hadrons, (proton measurement only by ALICE ZDC)hadrons, (proton measurement only by ALICE ZDC)
»» eeeennnnhhhhaaaannnncccceeee    aaaacccccccceeeeppppttttaaaannnncccceeee    ooooffff    cccceeeennnnttttrrrraaaallll    ddddeeeetttteeeeccccttttoooorrrrssss    ffffoooorrrr    ddddiiiiffffffffrrrraaaaccccttttiiiivvvveeee    PPPPhhhhyyyyssssiiiiccccsssseeeennnnhhhhaaaannnncccceeee    aaaacccccccceeeeppppttttaaaannnncccceeee    ooooffff    cccceeeennnnttttrrrraaaallll    ddddeeeetttteeeeccccttttoooorrrrssss    ffffoooorrrr    ddddiiiiffffffffrrrraaaaccccttttiiiivvvveeee    PPPPhhhhyyyyssssiiiiccccssss
»» kinematics and production spectra of forward particleskinematics and production spectra of forward particleskinematics and production spectra of forward particleskinematics and production spectra of forward particleskinematics and production spectra of forward particleskinematics and production spectra of forward particleskinematics and production spectra of forward particleskinematics and production spectra of forward particles

Characterize Event:Characterize Event:Characterize Event:Characterize Event:Characterize Event:Characterize Event:Characterize Event:Characterize Event:
»» Count spectator neutronsCount spectator neutronsCount spectator neutronsCount spectator neutronsCount spectator neutronsCount spectator neutronsCount spectator neutronsCount spectator neutrons
»» Measure centrality (magnitude and Measure centrality (magnitude and Measure centrality (magnitude and Measure centrality (magnitude and Measure centrality (magnitude and Measure centrality (magnitude and Measure centrality (magnitude and Measure centrality (magnitude and 

direction of impact parameter)direction of impact parameter)direction of impact parameter)direction of impact parameter)direction of impact parameter)direction of impact parameter)direction of impact parameter)direction of impact parameter)

ATLAS ZDCATLAS ZDCATLAS ZDCATLAS ZDC ATLAS ZDCATLAS ZDCATLAS ZDCATLAS ZDC
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Zero Degree Calorimeters: Zero Degree Calorimeters: Zero Degree Calorimeters: Zero Degree Calorimeters: Zero Degree Calorimeters: Zero Degree Calorimeters: Zero Degree Calorimeters: Zero Degree Calorimeters: LHCfLHCfLHCfLHCfLHCfLHCfLHCfLHCf
üü LHCfLHCfLHCfLHCfLHCfLHCfLHCfLHCf: same : same : same : same : same : same : same : same ηηηηηηηη coverage as other coverage as other coverage as other coverage as other coverage as other coverage as other coverage as other coverage as other ZDCsZDCsZDCsZDCsZDCsZDCsZDCsZDCs but fully but fully but fully but fully but fully but fully but fully but fully 

dedicated experiment to HECR Physicsdedicated experiment to HECR Physicsdedicated experiment to HECR Physicsdedicated experiment to HECR Physicsdedicated experiment to HECR Physicsdedicated experiment to HECR Physicsdedicated experiment to HECR Physicsdedicated experiment to HECR Physics
–– Double ARM calorimeters with imaging and PID capabilitiesDouble ARM calorimeters with imaging and PID capabilitiesDouble ARM calorimeters with imaging and PID capabilitiesDouble ARM calorimeters with imaging and PID capabilitiesDouble ARM calorimeters with imaging and PID capabilitiesDouble ARM calorimeters with imaging and PID capabilitiesDouble ARM calorimeters with imaging and PID capabilitiesDouble ARM calorimeters with imaging and PID capabilities
–– Excellent energy resolutionExcellent energy resolutionExcellent energy resolutionExcellent energy resolutionExcellent energy resolutionExcellent energy resolutionExcellent energy resolutionExcellent energy resolution(<5%)(<5%)(<5%)(<5%)(<5%)(<5%)(<5%)(<5%) for for for for for for for for γγγγγγγγ and and and and and and and and ππππππππ00000000, , , , , , , , ππππππππ0 0 0 0 0 0 0 0 mass resolution mass resolution mass resolution mass resolution mass resolution mass resolution mass resolution mass resolution (< 5%) (< 5%) (< 5%) (< 5%) (< 5%) (< 5%) (< 5%) (< 5%) aaaannnndddd    aaaannnndddd    

Spatial resolution Spatial resolution Spatial resolution Spatial resolution Spatial resolution Spatial resolution Spatial resolution Spatial resolution (40(40(40(40(40(40(40(40--------200 200 200 200 200 200 200 200 µµµµµµµµm)m)m)m)m)m)m)m)
–– Good neutron energy resolution Good neutron energy resolution Good neutron energy resolution Good neutron energy resolution Good neutron energy resolution Good neutron energy resolution Good neutron energy resolution Good neutron energy resolution (<30%)(<30%)(<30%)(<30%)(<30%)(<30%)(<30%)(<30%)

Energy Resolution: Energy Resolution: Energy Resolution: Energy Resolution: 
SPS electron dataSPS electron dataSPS electron dataSPS electron data

∆∆∆∆∆∆∆∆m/m/m/m/m/m/m/m/mmmmmmmm < 4%< 4%< 4%< 4%< 4%< 4%< 4%< 4%
1.04 101.04 101.04 101.04 107777

eventseventseventsevents≅≅≅≅20 min 20 min 20 min 20 min 
@L=10@L=10@L=10@L=1029292929cmcmcmcm----2222ssss----
1111

Spatial Resolution:Spatial Resolution:Spatial Resolution:Spatial Resolution:
200 GeV electrons200 GeV electrons200 GeV electrons200 GeV electrons

Spatial Resolution:Spatial Resolution:Spatial Resolution:Spatial Resolution:
SPSSPSSPSSPS----200 GeV electrons200 GeV electrons200 GeV electrons200 GeV electrons

Very important toolVery important toolVery important toolVery important toolVery important toolVery important toolVery important toolVery important tool
totototo calibrate energy scalecalibrate energy scalecalibrate energy scalecalibrate energy scale
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LHCf : Monte Carlo discriminationLHCf : Monte Carlo discriminationLHCf : Monte Carlo discriminationLHCf : Monte Carlo discriminationLHCf : Monte Carlo discriminationLHCf : Monte Carlo discriminationLHCf : Monte Carlo discriminationLHCf : Monte Carlo discrimination

101010101010101066666666 generated LHC interactions generated LHC interactions generated LHC interactions generated LHC interactions generated LHC interactions generated LHC interactions generated LHC interactions generated LHC interactions àààààààà
1 Minute exposure@101 Minute exposure@101 Minute exposure@101 Minute exposure@101 Minute exposure@101 Minute exposure@101 Minute exposure@101 Minute exposure@102929292929292929 cmcmcmcmcmcmcmcm--------22222222ssssssss--------11111111 lllluuuummmmiiiinnnnoooossssiiiittttyyyy            lllluuuummmmiiiinnnnoooossssiiiittttyyyy            
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is  feasibleis  feasibleis  feasibleis  feasibleis  feasibleis  feasibleis  feasibleis  feasible Quantitative Quantitative Quantitative Quantitative Quantitative Quantitative Quantitative Quantitative 

discrimination with the discrimination with the discrimination with the discrimination with the discrimination with the discrimination with the discrimination with the discrimination with the 
help of a properly help of a properly help of a properly help of a properly help of a properly help of a properly help of a properly help of a properly 
defined defined defined defined defined defined defined defined χχχχχχχχ22222222 ddddiiiissssccccrrrriiiimmmmiiiinnnnaaaattttiiiinnnngggg    ddddiiiissssccccrrrriiiimmmmiiiinnnnaaaattttiiiinnnngggg    
variable based on the variable based on the variable based on the variable based on the variable based on the variable based on the variable based on the variable based on the 
spectrum shape spectrum shape spectrum shape spectrum shape spectrum shape spectrum shape spectrum shape spectrum shape 
(see TDR for details)(see TDR for details)(see TDR for details)(see TDR for details)(see TDR for details)(see TDR for details)(see TDR for details)(see TDR for details)

5% Energy resolution5% Energy resolution5% Energy resolution5% Energy resolution5% Energy resolution5% Energy resolution5% Energy resolution5% Energy resolution
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LHCf: model dependence of LHCf: model dependence of LHCf: model dependence of LHCf: model dependence of LHCf: model dependence of LHCf: model dependence of LHCf: model dependence of LHCf: model dependence of 
neutron energy distributionneutron energy distributionneutron energy distributionneutron energy distributionneutron energy distributionneutron energy distributionneutron energy distributionneutron energy distribution

Original n energyOriginal n energyOriginal n energyOriginal n energyOriginal n energyOriginal n energyOriginal n energyOriginal n energy 30% energy resolution30% energy resolution30% energy resolution30% energy resolution30% energy resolution30% energy resolution30% energy resolution30% energy resolution
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New ModelsNew ModelsNew ModelsNew ModelsNew ModelsNew ModelsNew ModelsNew Models

Drescher, Physical Review D77, Drescher, Physical Review D77, Drescher, Physical Review D77, Drescher, Physical Review D77, Drescher, Physical Review D77, Drescher, Physical Review D77, Drescher, Physical Review D77, Drescher, Physical Review D77, 
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Dominated by Soft QCD: underlying events, multiparton interactions, fragmentationsDominated by Soft QCD: underlying events, multiparton interactions, fragmentationsDominated by Soft QCD: underlying events, multiparton interactions, fragmentationsDominated by Soft QCD: underlying events, multiparton interactions, fragmentations
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TeVTeVTeVTeVTeVTeVTeVTeV

Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       
University & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN Catania

Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          
EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun -------- 3 July 20093 July 20093 July 20093 July 20093 July 20093 July 20093 July 20093 July 2009
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Conclusions and plansConclusions and plansConclusions and plansConclusions and plansConclusions and plansConclusions and plansConclusions and plansConclusions and plans
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SeveralSeveralSeveralSeveralSeveralSeveralSeveralSeveral detectorsdetectorsdetectorsdetectorsdetectorsdetectorsdetectorsdetectors alreadyalreadyalreadyalreadyalreadyalreadyalreadyalready
installedinstalledinstalledinstalledinstalledinstalledinstalledinstalled
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Cosmic Ray CompositionCosmic Ray CompositionCosmic Ray CompositionCosmic Ray CompositionCosmic Ray CompositionCosmic Ray CompositionCosmic Ray CompositionCosmic Ray Composition

QGSJET01QGSJET01QGSJET01QGSJET01QGSJET01QGSJET01QGSJET01QGSJET01

SIBYLL 2.1SIBYLL 2.1SIBYLL 2.1SIBYLL 2.1SIBYLL 2.1SIBYLL 2.1SIBYLL 2.1SIBYLL 2.1

Kascade ResultsKascade ResultsKascade ResultsKascade ResultsKascade ResultsKascade ResultsKascade ResultsKascade Results
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CMS CASTOR  & ZDC CMS CASTOR  & ZDC CMS CASTOR  & ZDC CMS CASTOR  & ZDC CMS CASTOR  & ZDC CMS CASTOR  & ZDC CMS CASTOR  & ZDC CMS CASTOR  & ZDC 
calorimeterscalorimeterscalorimeterscalorimeterscalorimeterscalorimeterscalorimeterscalorimeters

• extends calorimetric coverage 
of CMS  to 5.2 < η < 6.6

• signal collection through Čerenkov 
photons transmitted to PMTs 
through aircore lightguides

• W absorber & quartz plates 
sandwich, 

• electromagnetic and hadronic 
sections

• 16 seg. in φ, 14 seg in z, none in η

• 140 m from interaction point in 
TAN absorber

• Tungsten/quartz Čerenkov 
calorimeter with separate e.m. and 
had. Sections

• Acceptance for neutrals (γ, π0, n) 
from η > 8.1, 100% for η > 8.4
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TOTEM T1 & T2 tracking TOTEM T1 & T2 tracking TOTEM T1 & T2 tracking TOTEM T1 & T2 tracking TOTEM T1 & T2 tracking TOTEM T1 & T2 tracking TOTEM T1 & T2 tracking TOTEM T1 & T2 tracking 
detectorsdetectorsdetectorsdetectorsdetectorsdetectorsdetectorsdetectors

3m3m3m3m

Test BeamTest BeamTest BeamTest Beam

§ Cathode Strip Chambers (CSC)Cathode Strip Chambers (CSC)Cathode Strip Chambers (CSC)Cathode Strip Chambers (CSC)
§ Mounted in front of HadronForwardMounted in front of HadronForwardMounted in front of HadronForwardMounted in front of HadronForward

calorimeter of CMScalorimeter of CMScalorimeter of CMScalorimeter of CMS
§ 3.1 < |3.1 < |3.1 < |3.1 < |ηηηη < 4.7< 4.7< 4.7< 4.7
§ 5 planes with 3 coordinates/plane5 planes with 3 coordinates/plane5 planes with 3 coordinates/plane5 planes with 3 coordinates/plane
§ 6 trapezoidal CSC detectors/plane6 trapezoidal CSC detectors/plane6 trapezoidal CSC detectors/plane6 trapezoidal CSC detectors/plane
§ Resolution Resolution Resolution Resolution σσσσ ~ 0.8~ 0.8~ 0.8~ 0.8mm

§ Gas Electron Multiplier (GEM)Gas Electron Multiplier (GEM)Gas Electron Multiplier (GEM)Gas Electron Multiplier (GEM)
§ Mounted in front of CASTORMounted in front of CASTORMounted in front of CASTORMounted in front of CASTOR
§ 5.3 < |5.3 < |5.3 < |5.3 < |ηηηη < 6.5< 6.5< 6.5< 6.5
§ 10 planes formed by 20 GEM 10 planes formed by 20 GEM 10 planes formed by 20 GEM 10 planes formed by 20 GEM 

semisemisemisemi----circular modulescircular modulescircular modulescircular modules
§ Radial position from strips, Radial position from strips, Radial position from strips, Radial position from strips, ηηηη,,,,φφφφ from padsfrom padsfrom padsfrom pads
§ Resolution Resolution Resolution Resolution σσσσstripstripstripstrip~70~70~70~70µµµµmmmm
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Detector #1Detector #1Detector #1Detector #1Detector #1Detector #1Detector #1Detector #1

11116666    sssscccciiiinnnnttttiiiillllllllaaaattttoooorrrr    llllaaaayyyyeeeerrrrssss                            11116666    sssscccciiiinnnnttttiiiillllllllaaaattttoooorrrr    llllaaaayyyyeeeerrrrssss                            
(3 mm thick)(3 mm thick)(3 mm thick)(3 mm thick)(3 mm thick)(3 mm thick)(3 mm thick)(3 mm thick)

TTTTrrrriiiiggggggggeeeerrrr    aaaannnndddd    eeeennnneeeerrrrggggyyyy    TTTTrrrriiiiggggggggeeeerrrr    aaaannnndddd    eeeennnneeeerrrrggggyyyy    
profile measurementsprofile measurementsprofile measurementsprofile measurementsprofile measurementsprofile measurementsprofile measurementsprofile measurements

AbsorberAbsorberAbsorberAbsorberAbsorberAbsorberAbsorberAbsorber
22 tungsten layers                  22 tungsten layers                  22 tungsten layers                  22 tungsten layers                  22 tungsten layers                  22 tungsten layers                  22 tungsten layers                  22 tungsten layers                  
7mm 7mm 7mm 7mm 7mm 7mm 7mm 7mm –––––––– 14 mm thick14 mm thick14 mm thick14 mm thick14 mm thick14 mm thick14 mm thick14 mm thick
(W: X(W: X(W: X(W: X(W: X(W: X(W: X(W: X00000000 = 3.5mm,  R= 3.5mm,  R= 3.5mm,  R= 3.5mm,  R= 3.5mm,  R= 3.5mm,  R= 3.5mm,  R= 3.5mm,  RMMMMMMMM = 9mm)= 9mm)= 9mm)= 9mm)= 9mm)= 9mm)= 9mm)= 9mm)

4 pairs of4 pairs of4 pairs of4 pairs of4 pairs of4 pairs of4 pairs of4 pairs of scintillating fiber scintillating fiber scintillating fiber scintillating fiber scintillating fiber scintillating fiber scintillating fiber scintillating fiber 
layers layers layers layers layers layers layers layers for tracking purpose      for tracking purpose      for tracking purpose      for tracking purpose      for tracking purpose      for tracking purpose      for tracking purpose      for tracking purpose      
(6, 10, 32, 38 r.l.)(6, 10, 32, 38 r.l.)(6, 10, 32, 38 r.l.)(6, 10, 32, 38 r.l.)(6, 10, 32, 38 r.l.)(6, 10, 32, 38 r.l.)(6, 10, 32, 38 r.l.)(6, 10, 32, 38 r.l.)

EnergyEnergyEnergyEnergyEnergyEnergyEnergyEnergy

Impact point (Impact point (Impact point (Impact point (Impact point (Impact point (Impact point (Impact point (ηηηηηηηη))))))))22222222 towerstowerstowerstowerstowerstowerstowerstowers 2424242424242424 cmcmcmcmcmcmcmcm longlonglonglonglonglonglonglong stackedstackedstackedstackedstackedstackedstackedstacked
verticallyverticallyverticallyverticallyverticallyverticallyverticallyvertically withwithwithwithwithwithwithwith 55555555 mmmmmmmmmmmmmmmm gapgapgapgapgapgapgapgap
LowerLowerLowerLowerLowerLowerLowerLower:::::::: 22222222 cmcmcmcmcmcmcmcm xxxxxxxx 22222222 cmcmcmcmcmcmcmcm areaareaareaareaareaareaareaarea
UpperUpperUpperUpperUpperUpperUpperUpper:::::::: 44444444 cmcmcmcmcmcmcmcm xxxxxxxx 44444444 cmcmcmcmcmcmcmcm areaareaareaareaareaareaareaarea

Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       
University & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN CataniaUniversity & INFN Catania

Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          Forward Experiments at LHC                          
EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun EDS'09, CERN 29 Jun -------- 3 July 20093 July 20093 July 20093 July 20093 July 20093 July 20093 July 20093 July 2009



Detector # 2Detector # 2Detector # 2Detector # 2Detector # 2Detector # 2Detector # 2Detector # 2
4 pairs of 4 pairs of 4 pairs of 4 pairs of 4 pairs of 4 pairs of 4 pairs of 4 pairs of silicon microstrip layerssilicon microstrip layerssilicon microstrip layerssilicon microstrip layerssilicon microstrip layerssilicon microstrip layerssilicon microstrip layerssilicon microstrip layers
(6, 12, 30, 42 r.l.) for tracking purpose (6, 12, 30, 42 r.l.) for tracking purpose (6, 12, 30, 42 r.l.) for tracking purpose (6, 12, 30, 42 r.l.) for tracking purpose (6, 12, 30, 42 r.l.) for tracking purpose (6, 12, 30, 42 r.l.) for tracking purpose (6, 12, 30, 42 r.l.) for tracking purpose (6, 12, 30, 42 r.l.) for tracking purpose 
(X and Y directions)(X and Y directions)(X and Y directions)(X and Y directions)(X and Y directions)(X and Y directions)(X and Y directions)(X and Y directions)

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

Trigger and energy Trigger and energy Trigger and energy Trigger and energy Trigger and energy Trigger and energy Trigger and energy Trigger and energy 
profile measurementsprofile measurementsprofile measurementsprofile measurementsprofile measurementsprofile measurementsprofile measurementsprofile measurements

AbsorberAbsorberAbsorberAbsorberAbsorberAbsorberAbsorberAbsorber
22 tungsten layers                   22 tungsten layers                   22 tungsten layers                   22 tungsten layers                   22 tungsten layers                   22 tungsten layers                   22 tungsten layers                   22 tungsten layers                   
7mm 7mm 7mm 7mm 7mm 7mm 7mm 7mm –––––––– 14 mm thick (214 mm thick (214 mm thick (214 mm thick (214 mm thick (214 mm thick (214 mm thick (214 mm thick (2--------4 4 4 4 4 4 4 4 r.lr.lr.lr.lr.lr.lr.lr.l.).).).).).).).)
((((((((WWWWWWWW: X: X: X: X: X: X: X: X00000000 = 3.5mm,  R= 3.5mm,  R= 3.5mm,  R= 3.5mm,  R= 3.5mm,  R= 3.5mm,  R= 3.5mm,  R= 3.5mm,  RMMMMMMMM = 9mm)= 9mm)= 9mm)= 9mm)= 9mm)= 9mm)= 9mm)= 9mm)

22222222 towerstowerstowerstowerstowerstowerstowerstowers 2424242424242424 cmcmcmcmcmcmcmcm longlonglonglonglonglonglonglong stackedstackedstackedstackedstackedstackedstackedstacked oooonnnnoooonnnn
theirtheirtheirtheirtheirtheirtheirtheir edgesedgesedgesedgesedgesedgesedgesedges andandandandandandandand offsetoffsetoffsetoffsetoffsetoffsetoffsetoffset fromfromfromfromfromfromfromfrom oooonnnneeeeoooonnnneeee
anotheranotheranotheranotheranotheranotheranotheranother
LowerLowerLowerLowerLowerLowerLowerLower:::::::: 22222222........55555555 cmcmcmcmcmcmcmcm xxxxxxxx 22222222........55555555 cmcmcmcmcmcmcmcm
UpperUpperUpperUpperUpperUpperUpperUpper:::::::: 33333333........22222222 cmcmcmcmcmcmcmcm xxxxxxxx 33333333........22222222 cmcmcmcmcmcmcmcm

EnergyEnergyEnergyEnergyEnergyEnergyEnergyEnergy

Impact pointImpact pointImpact pointImpact pointImpact pointImpact pointImpact pointImpact point ((((((((ηηηηηηηη))))))))
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140140140140140140140140 Beam crossing Beam crossing Beam crossing Beam crossing Beam crossing Beam crossing Beam crossing Beam crossing 
angleangleangleangleangleangleangleangle

LHCf: acceptance on PLHCf: acceptance on PLHCf: acceptance on PLHCf: acceptance on PLHCf: acceptance on PLHCf: acceptance on PLHCf: acceptance on PLHCf: acceptance on PTTTTTTTTγγγγγγγγ--------EEEEEEEEγγγγγγγγ planeplaneplaneplaneplaneplaneplaneplane

A vertical beam crossing angle > 0 A vertical beam crossing angle > 0 A vertical beam crossing angle > 0 A vertical beam crossing angle > 0 A vertical beam crossing angle > 0 A vertical beam crossing angle > 0 A vertical beam crossing angle > 0 A vertical beam crossing angle > 0 
increases the acceptance of LHCfincreases the acceptance of LHCfincreases the acceptance of LHCfincreases the acceptance of LHCfincreases the acceptance of LHCfincreases the acceptance of LHCfincreases the acceptance of LHCfincreases the acceptance of LHCfAlessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       Alessia Tricomi                       
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ARM1 Position resolutionARM1 Position resolutionARM1 Position resolutionARM1 Position resolutionARM1 Position resolutionARM1 Position resolutionARM1 Position resolutionARM1 Position resolution
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ARM2ARM2ARM2ARM2ARM2ARM2ARM2ARM2--------Silicon Energy ResolutionSilicon Energy ResolutionSilicon Energy ResolutionSilicon Energy ResolutionSilicon Energy ResolutionSilicon Energy ResolutionSilicon Energy ResolutionSilicon Energy Resolution

∆∆∆∆∆∆∆∆E/E E/E E/E E/E E/E E/E E/E E/E ~~~~~~~~ 12%12%12%12%12%12%12%12%

No correction/calibration No correction/calibration No correction/calibration No correction/calibration No correction/calibration No correction/calibration No correction/calibration No correction/calibration 
appliedappliedappliedappliedappliedappliedappliedapplied

ADCADCADCADCADCADCADCADC
Energy Linearity with Silicon SensorsEnergy Linearity with Silicon SensorsEnergy Linearity with Silicon SensorsEnergy Linearity with Silicon Sensors

y = 24,927x - 596,44
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200 GeV electrons200 GeV electrons200 GeV electrons200 GeV electrons200 GeV electrons200 GeV electrons200 GeV electrons200 GeV electrons
SPS beam test data SPS beam test data SPS beam test data SPS beam test data SPS beam test data SPS beam test data SPS beam test data SPS beam test data 

Only silicon energy resolution Only silicon energy resolution Only silicon energy resolution Only silicon energy resolution Only silicon energy resolution Only silicon energy resolution Only silicon energy resolution Only silicon energy resolution ~ 10%!!!!!~ 10%!!!!!~ 10%!!!!!~ 10%!!!!!~ 10%!!!!!~ 10%!!!!!~ 10%!!!!!~ 10%!!!!!
We can use it as a check for the radiation We can use it as a check for the radiation We can use it as a check for the radiation We can use it as a check for the radiation We can use it as a check for the radiation We can use it as a check for the radiation We can use it as a check for the radiation We can use it as a check for the radiation 
damage of the scintillators damage of the scintillators damage of the scintillators damage of the scintillators damage of the scintillators damage of the scintillators damage of the scintillators damage of the scintillators 
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Energy ResolutionEnergy ResolutionEnergy ResolutionEnergy ResolutionEnergy ResolutionEnergy ResolutionEnergy ResolutionEnergy ResolutionMonte CarloMonte CarloMonte CarloMonte CarloMonte CarloMonte CarloMonte CarloMonte Carlo

SPS beam testSPS beam testSPS beam testSPS beam testSPS beam testSPS beam testSPS beam testSPS beam test

Energy distribution is Energy distribution is Energy distribution is Energy distribution is Energy distribution is Energy distribution is Energy distribution is Energy distribution is 
corrected for leakagecorrected for leakagecorrected for leakagecorrected for leakagecorrected for leakagecorrected for leakagecorrected for leakagecorrected for leakage

correctioncorrectioncorrectioncorrectioncorrectioncorrectioncorrectioncorrection

Distance from EdgeDistance from EdgeDistance from EdgeDistance from EdgeDistance from EdgeDistance from EdgeDistance from EdgeDistance from Edge
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MC predicts that the MC predicts that the MC predicts that the MC predicts that the MC predicts that the MC predicts that the MC predicts that the MC predicts that the 
leakage is energy independent!leakage is energy independent!leakage is energy independent!leakage is energy independent!leakage is energy independent!leakage is energy independent!leakage is energy independent!leakage is energy independent!
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QGSJETII: used modelQGSJETII: used modelQGSJETII: used modelQGSJETII: used modelQGSJETII: used modelQGSJETII: used modelQGSJETII: used modelQGSJETII: used model
QGSJET: QGSJET: QGSJET: QGSJET: QGSJET: QGSJET: QGSJET: QGSJET: χχχχχχχχ22222222/DOF=107/125/DOF=107/125/DOF=107/125/DOF=107/125/DOF=107/125/DOF=107/125/DOF=107/125/DOF=107/125
DPMJET3: DPMJET3: DPMJET3: DPMJET3: DPMJET3: DPMJET3: DPMJET3: DPMJET3: χχχχχχχχ22222222////DDDDOOOOFFFF====222222224444////111122225555////DDDDOOOOFFFF====222222224444////111122225555
SYBILL: SYBILL: SYBILL: SYBILL: SYBILL: SYBILL: SYBILL: SYBILL: χχχχχχχχ22222222/DOF=816/125/DOF=816/125/DOF=816/125/DOF=816/125/DOF=816/125/DOF=816/125/DOF=816/125/DOF=816/125

γγγγγγγγ ray energy spectrum for different positionsray energy spectrum for different positionsray energy spectrum for different positionsray energy spectrum for different positionsray energy spectrum for different positionsray energy spectrum for different positionsray energy spectrum for different positionsray energy spectrum for different positions
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ππππππππ00000000 spectraspectraspectraspectraspectraspectraspectraspectra

QGSJETIIQGSJETIIQGSJETIIQGSJETIIQGSJETIIQGSJETIIQGSJETIIQGSJETII
⇔⇔⇔⇔⇔⇔⇔⇔DPMJET3DPMJET3DPMJET3DPMJET3DPMJET3DPMJET3DPMJET3DPMJET3χχ22222222= 106 (C.L. <10= 106 (C.L. <10= 106 (C.L. <10= 106 (C.L. <10= 106 (C.L. <10= 106 (C.L. <10= 106 (C.L. <10= 106 (C.L. <10--------66666666))))))))
⇔⇔⇔⇔⇔⇔⇔⇔SIBYLL   SIBYLL   SIBYLL   SIBYLL   SIBYLL   SIBYLL   SIBYLL   SIBYLL   χχ22222222= 83 (C.L. <10= 83 (C.L. <10= 83 (C.L. <10= 83 (C.L. <10= 83 (C.L. <10= 83 (C.L. <10= 83 (C.L. <10= 83 (C.L. <10--------66666666))))))))
DPMJET3DPMJET3DPMJET3DPMJET3DPMJET3DPMJET3DPMJET3DPMJET3
⇔⇔⇔⇔⇔⇔⇔⇔SIBYLL   SIBYLL   SIBYLL   SIBYLL   SIBYLL   SIBYLL   SIBYLL   SIBYLL   χχ22222222= 28 (C.L.= 0.024)= 28 (C.L.= 0.024)= 28 (C.L.= 0.024)= 28 (C.L.= 0.024)= 28 (C.L.= 0.024)= 28 (C.L.= 0.024)= 28 (C.L.= 0.024)= 28 (C.L.= 0.024)
101010101010101077777777events DOF = 17events DOF = 17events DOF = 17events DOF = 17events DOF = 17events DOF = 17events DOF = 17events DOF = 17--------2=152=152=152=152=152=152=152=15

pp00000000 produced at collision can be extracted produced at collision can be extracted produced at collision can be extracted produced at collision can be extracted produced at collision can be extracted produced at collision can be extracted produced at collision can be extracted produced at collision can be extracted 
by using gamma pair eventsby using gamma pair eventsby using gamma pair eventsby using gamma pair eventsby using gamma pair eventsby using gamma pair eventsby using gamma pair eventsby using gamma pair events
Powerful tool to calibrate the energy scale Powerful tool to calibrate the energy scale Powerful tool to calibrate the energy scale Powerful tool to calibrate the energy scale Powerful tool to calibrate the energy scale Powerful tool to calibrate the energy scale Powerful tool to calibrate the energy scale Powerful tool to calibrate the energy scale 
and also to eliminate beamand also to eliminate beamand also to eliminate beamand also to eliminate beamand also to eliminate beamand also to eliminate beamand also to eliminate beamand also to eliminate beam--------gas BGgas BGgas BGgas BGgas BGgas BGgas BGgas BG
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ππππππππ00000000 reconstructionreconstructionreconstructionreconstructionreconstructionreconstructionreconstructionreconstruction

9.15 m9.15 m9.15 m9.15 m9.15 m9.15 m9.15 m9.15 m

γγγγγγγγ

γγγγγγγγ

350 GeV Proton beam350 GeV Proton beam350 GeV Proton beam350 GeV Proton beam350 GeV Proton beam350 GeV Proton beam350 GeV Proton beam350 GeV Proton beam

Carbon target (6 cm)Carbon target (6 cm)Carbon target (6 cm)Carbon target (6 cm)Carbon target (6 cm)Carbon target (6 cm)Carbon target (6 cm)Carbon target (6 cm)
in the slot used for beam monitorin the slot used for beam monitorin the slot used for beam monitorin the slot used for beam monitorin the slot used for beam monitorin the slot used for beam monitorin the slot used for beam monitorin the slot used for beam monitor Arm1Arm1Arm1Arm1Arm1Arm1Arm1Arm1

NNNNooootttt    iiiinnnn    ssssccccaaaalllleeee!!!!NNNNooootttt    iiiinnnn    ssssccccaaaalllleeee!!!!

>10>10>10>10>10>10>10>1077777777 proton on target (special setting from the SPS people)proton on target (special setting from the SPS people)proton on target (special setting from the SPS people)proton on target (special setting from the SPS people)proton on target (special setting from the SPS people)proton on target (special setting from the SPS people)proton on target (special setting from the SPS people)proton on target (special setting from the SPS people)
Dedicated trigger on both towers of the calorimeter has been usedDedicated trigger on both towers of the calorimeter has been usedDedicated trigger on both towers of the calorimeter has been usedDedicated trigger on both towers of the calorimeter has been usedDedicated trigger on both towers of the calorimeter has been usedDedicated trigger on both towers of the calorimeter has been usedDedicated trigger on both towers of the calorimeter has been usedDedicated trigger on both towers of the calorimeter has been used

((((MMMMeeeeVVVV))))((((MMMMeeeeVVVV))))

≈≈≈≈≈≈≈≈ 250 250 250 250 250 250 250 250 ππππππππ00000000 events events events events events events events events 
triggered (in a quite huge triggered (in a quite huge triggered (in a quite huge triggered (in a quite huge triggered (in a quite huge triggered (in a quite huge triggered (in a quite huge triggered (in a quite huge 
background) and on diskbackground) and on diskbackground) and on diskbackground) and on diskbackground) and on diskbackground) and on diskbackground) and on diskbackground) and on disk

Main problems: Main problems: Main problems: Main problems: Main problems: Main problems: Main problems: Main problems: 
üü low photon energy (low photon energy (low photon energy (low photon energy (low photon energy (low photon energy (low photon energy (low photon energy (≥≥≥≥≥≥≥≥ 20 20 20 20 20 20 20 20 

GeV) GeV) GeV) GeV) GeV) GeV) GeV) GeV) 
üü Direct protons in the towersDirect protons in the towersDirect protons in the towersDirect protons in the towersDirect protons in the towersDirect protons in the towersDirect protons in the towersDirect protons in the towers
üü Multi hits in the same towerMulti hits in the same towerMulti hits in the same towerMulti hits in the same towerMulti hits in the same towerMulti hits in the same towerMulti hits in the same towerMulti hits in the same tower

Ex:Ex:Ex:Ex:Ex:Ex:Ex:Ex:
∆∆∆∆∆∆∆∆m m m m m m m m ~ 8 MeV~ 8 MeV~ 8 MeV~ 8 MeV~ 8 MeV~ 8 MeV~ 8 MeV~ 8 MeV
∆∆∆∆∆∆∆∆m/m m/m m/m m/m m/m m/m m/m m/m ~ 6%~ 6%~ 6%~ 6%~ 6%~ 6%~ 6%~ 6%
Sim:Sim:Sim:Sim:Sim:Sim:Sim:Sim:
∆∆∆∆∆∆∆∆m/m m/m m/m m/m m/m m/m m/m m/m ~ 5%~ 5%~ 5%~ 5%~ 5%~ 5%~ 5%~ 5%
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ππππππππ00000000 raterateraterateraterateraterate
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The LPM effectThe LPM effectThe LPM effectThe LPM effectThe LPM effectThe LPM effectThe LPM effectThe LPM effect

Transition curve of a1 TeV photon w/ and w/o LPM to be Transition curve of a1 TeV photon w/ and w/o LPM to be Transition curve of a1 TeV photon w/ and w/o LPM to be Transition curve of a1 TeV photon w/ and w/o LPM to be Transition curve of a1 TeV photon w/ and w/o LPM to be Transition curve of a1 TeV photon w/ and w/o LPM to be Transition curve of a1 TeV photon w/ and w/o LPM to be Transition curve of a1 TeV photon w/ and w/o LPM to be 
measured by LHCfmeasured by LHCfmeasured by LHCfmeasured by LHCfmeasured by LHCfmeasured by LHCfmeasured by LHCfmeasured by LHCf

○ w/o LPM■ w/ LPM
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γγγγγγγγ raterateraterateraterateraterate
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Estimate of the backgroundEstimate of the backgroundEstimate of the backgroundEstimate of the backgroundEstimate of the backgroundEstimate of the backgroundEstimate of the backgroundEstimate of the background
üü beambeambeambeambeambeambeambeam--------beam pipebeam pipebeam pipebeam pipebeam pipebeam pipebeam pipebeam pipe
àààààààà E E E E E E E E γγ(signal) > 200 GeV, OK(signal) > 200 GeV, OK(signal) > 200 GeV, OK(signal) > 200 GeV, OK(signal) > 200 GeV, OK(signal) > 200 GeV, OK(signal) > 200 GeV, OK(signal) > 200 GeV, OK

background background background background background background background background < 1% < 1% < 1% < 1% < 1% < 1% < 1% < 1% 

üü beambeambeambeambeambeambeambeam--------gasgasgasgasgasgasgasgas
àààààààà It depends on the beam conditionIt depends on the beam conditionIt depends on the beam conditionIt depends on the beam conditionIt depends on the beam conditionIt depends on the beam conditionIt depends on the beam conditionIt depends on the beam condition

background background background background background background background background < 1% < 1% < 1% < 1% < 1% < 1% < 1% < 1% (under 10(under 10(under 10(under 10(under 10(under 10(under 10(under 10--------1010101010101010 Torr)Torr)Torr)Torr)Torr)Torr)Torr)Torr)

üü beam halobeam halobeam halobeam halobeam halobeam halobeam halobeam halo--------beam pipebeam pipebeam pipebeam pipebeam pipebeam pipebeam pipebeam pipe
àààààààà It has been newly estimated from the beam loss rateIt has been newly estimated from the beam loss rateIt has been newly estimated from the beam loss rateIt has been newly estimated from the beam loss rateIt has been newly estimated from the beam loss rateIt has been newly estimated from the beam loss rateIt has been newly estimated from the beam loss rateIt has been newly estimated from the beam loss rate

background  background  background  background  background  background  background  background  < 10%< 10%< 10%< 10%< 10%< 10%< 10%< 10% (conservative value)(conservative value)(conservative value)(conservative value)(conservative value)(conservative value)(conservative value)(conservative value)
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‘Analysis’ of Beam Gas events‘Analysis’ of Beam Gas events‘Analysis’ of Beam Gas events‘Analysis’ of Beam Gas events‘Analysis’ of Beam Gas events‘Analysis’ of Beam Gas events‘Analysis’ of Beam Gas events‘Analysis’ of Beam Gas events
We got 116 FC triggers in 8.275.034 BPTX: NWe got 116 FC triggers in 8.275.034 BPTX: NWe got 116 FC triggers in 8.275.034 BPTX: NWe got 116 FC triggers in 8.275.034 BPTX: NWe got 116 FC triggers in 8.275.034 BPTX: NWe got 116 FC triggers in 8.275.034 BPTX: NWe got 116 FC triggers in 8.275.034 BPTX: NWe got 116 FC triggers in 8.275.034 BPTX: Ntttttttt=116=116=116=116=116=116=116=116
2.102.102.102.102.102.102.102.1099999999 protons/bunch protons/bunch protons/bunch protons/bunch protons/bunch protons/bunch protons/bunch protons/bunch 
Total # of protons: NTotal # of protons: NTotal # of protons: NTotal # of protons: NTotal # of protons: NTotal # of protons: NTotal # of protons: NTotal # of protons: Npppppppp=1.7 x 10=1.7 x 10=1.7 x 10=1.7 x 10=1.7 x 10=1.7 x 10=1.7 x 10=1.7 x 101616161616161616

We try to estimate the gas density We try to estimate the gas density We try to estimate the gas density We try to estimate the gas density We try to estimate the gas density We try to estimate the gas density We try to estimate the gas density We try to estimate the gas density ρρρρρρρρ from this rate:from this rate:from this rate:from this rate:from this rate:from this rate:from this rate:from this rate:
NNNNNNNNtttttttt=N=N=N=N=N=N=N=Npppppppp* L * * L * * L * * L * * L * * L * * L * * L * σσσσσσσσ * * * * * * * * ρρρρρρρρ

L=effective lenght L=effective lenght L=effective lenght L=effective lenght L=effective lenght L=effective lenght L=effective lenght L=effective lenght ~ 100 m~ 100 m~ 100 m~ 100 m~ 100 m~ 100 m~ 100 m~ 100 m
σσσσσσσσ=Cross section =Cross section =Cross section =Cross section =Cross section =Cross section =Cross section =Cross section ~ 80 mbarn = 80 x 10~ 80 mbarn = 80 x 10~ 80 mbarn = 80 x 10~ 80 mbarn = 80 x 10~ 80 mbarn = 80 x 10~ 80 mbarn = 80 x 10~ 80 mbarn = 80 x 10~ 80 mbarn = 80 x 10--------3131313131313131 mmmmmmmm22222222

We find: We find: We find: We find: We find: We find: We find: We find: ρρρρρρρρ = 8.5 x 10= 8.5 x 10= 8.5 x 10= 8.5 x 10= 8.5 x 10= 8.5 x 10= 8.5 x 10= 8.5 x 101212121212121212 H/mH/mH/mH/mH/mH/mH/mH/m33333333 = 4.2 x 10= 4.2 x 10= 4.2 x 10= 4.2 x 10= 4.2 x 10= 4.2 x 10= 4.2 x 10= 4.2 x 101212121212121212 HHHHHHHH22222222/m/m/m/m/m/m/m/m33333333

From the LHC Project Report #783: From the LHC Project Report #783: From the LHC Project Report #783: From the LHC Project Report #783: From the LHC Project Report #783: From the LHC Project Report #783: From the LHC Project Report #783: From the LHC Project Report #783: ρρρρρρρρ = 10= 10= 10= 10= 10= 10= 10= 101212121212121212 HHHHHHHH22222222/m/m/m/m/m/m/m/m33333333

From the pressure measurement in April 2008: From the pressure measurement in April 2008: From the pressure measurement in April 2008: From the pressure measurement in April 2008: From the pressure measurement in April 2008: From the pressure measurement in April 2008: From the pressure measurement in April 2008: From the pressure measurement in April 2008: ρρρρρρρρ ~~~~~~~~ 10101010101010101212121212121212 HHHHHHHH22222222/m/m/m/m/m/m/m/m33333333

~ ~ ~ ~ ~ ~ ~ ~ CONSISTENT!!!!!!!!!!!!!CONSISTENT!!!!!!!!!!!!!CONSISTENT!!!!!!!!!!!!!CONSISTENT!!!!!!!!!!!!!CONSISTENT!!!!!!!!!!!!!CONSISTENT!!!!!!!!!!!!!CONSISTENT!!!!!!!!!!!!!CONSISTENT!!!!!!!!!!!!!
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LowLowLowLowLowLowLowLow--------xxxxxxxx PhysycsPhysycsPhysycsPhysycsPhysycsPhysycsPhysycsPhysycs and UHECRand UHECRand UHECRand UHECRand UHECRand UHECRand UHECRand UHECR
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Reduced dN/dReduced dN/dReduced dN/dReduced dN/dη ::::
Less penetration:        Less penetration:        Less penetration:        Less penetration:        
lower X (~ lower X (~ lower X (~ lower X (~ ----30 g/cm30 g/cm30 g/cm30 g/cm2222))))

Reduced charm Reduced charm Reduced charm Reduced charm 
cross sections:     cross sections:     cross sections:     cross sections:     
Less muons !Less muons !Less muons !Less muons !



Forward QQ in ALICEForward QQ in ALICEForward QQ in ALICEForward QQ in ALICEForward QQ in ALICEForward QQ in ALICEForward QQ in ALICEForward QQ in ALICE
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γγγγγγγγ*, Z, W in *, Z, W in *, Z, W in *, Z, W in *, Z, W in *, Z, W in *, Z, W in *, Z, W in LHCbLHCbLHCbLHCbLHCbLHCbLHCbLHCb (2<(2<(2<(2<(2<(2<(2<(2<ηηηηηηηη<5<5<5<5<5<5<5<5
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