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OutlineOutline

IntroductionIntroduction
–– Main problems in HECR physics: GZK cut off, Main problems in HECR physics: GZK cut off, 

chemical compositionchemical composition

Idea of Idea of LHCfLHCf
–– Measurement of neutral particles emitted very Measurement of neutral particles emitted very 

forward at LHCforward at LHC

Simulation and test beam resultsSimulation and test beam results
–– Performances of the detector Performances of the detector 

Conclusions, plans and scheduleConclusions, plans and schedule
–– Toward the LHC operationToward the LHC operation
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AGASA reports 18% systematic uncertainty in AGASA reports 18% systematic uncertainty in 
energy determination.energy determination.

10% of systematic is due to interaction model.10% of systematic is due to interaction model.

Accelerator calibration is necessary.Accelerator calibration is necessary.

Introduction: GZK cut offIntroduction: GZK cut off

Huge experiment (Auger, TA) will solve the Huge experiment (Auger, TA) will solve the 
statisticsstatistics

HOWEVERHOWEVER
Different interaction models give different answers forDifferent interaction models give different answers for

the primary cosmic ray energy estimate.the primary cosmic ray energy estimate.

2929thth ICRCICRC
PunePune (India)(India)

GZK GZK cutoffcutoff:: 10102020 eVeV

super GZK super GZK 
eventsevents?!??!?

20% 20% correctioncorrection on  the on  the 

absoluteabsolute energyenergy scale!!!scale!!!
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Introduction: cosmic ray compositionIntroduction: cosmic ray composition

Not only GZKNot only GZK……

Different interaction models leadDifferent interaction models lead
different conclusions about thedifferent conclusions about the
composition of the primary cosmic rayscomposition of the primary cosmic rays..
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CompositionComposition: : inferredinferred fromfrom XXmaxmax

SpectrumSpectrum: : EnergyEnergy isis measuredmeasured
byby countingcounting the the secondariessecondaries

SimulationSimulation playsplays a a crucialcrucial rolerole

LHCfLHCf isis a a tooltool toto calibrate the calibrate the simulationsimulation
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Development of atmospheric showersDevelopment of atmospheric showers

The The dominantdominant contributioncontribution toto the the energyenergy
fluxflux isis in the in the very forward region   (very forward region   (θθ ≈≈ 0)0)

In this forward region the highest energy In this forward region the highest energy 
available measurements of available measurements of ππ00 cross section cross section 
were done by UA7 (were done by UA7 (E=10E=101414 eV, eV, y= 5y= 5÷÷7)7) 2

θlntany −=

SimulationSimulation of of anan atmosphericatmospheric
showershower due due toto a 10a 101919 eVeV protonproton..



Trieste, May 28, 2007 Trieste, May 28, 2007 -- QCD at Cosmic EnergiesQCD at Cosmic Energies LHCfLHCf Oscar Oscar AdrianiAdriani

LongitudinalLongitudinal developmentdevelopment of of showersshowers

*

*

MAX

l
cm p

px =

The direct The direct measurementmeasurement of the of the ππ production cross production cross sectionsection asas functionfunction
of of ppTT isis essentialessential toto correctlycorrectly estimate the estimate the energyenergy of the of the primaryprimary

cosmiccosmic raysrays

SeaSea LevelLevel
FactorFactor 2 of 2 of 

discrepancydiscrepancyDPMJET, QGSJET, SIBYLL ...DPMJET, QGSJET, SIBYLL ...
are are normallynormally usedused
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SummarizingSummarizing……
LHCLHC--HECR interplayHECR interplay

Calibration of the models at Calibration of the models at 
high energy is mandatory high energy is mandatory 

We will use LHC,We will use LHC,
the highest energy accelerator the highest energy accelerator 

7 TeV + 7 TeV protons 7 TeV + 7 TeV protons 

14 TeV in the center of mass 14 TeV in the center of mass 

EElablab=10=101717 eV  eV  (E(Elablab= E= E22
cmcm/2 m/2 mPP))

Major LHC detectors (ATLAS, CMS, LHCB) will measure Major LHC detectors (ATLAS, CMS, LHCB) will measure 
the particles emitted in the central regionthe particles emitted in the central region

LHCf will cover the very forward partLHCf will cover the very forward part
May be also heavy ions collisions????May be also heavy ions collisions????

LHCLHC
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The LHC ringThe LHC ring

27 km ring27 km ring
ATLASATLAS

IP1IP1
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LHCfLHCf:  location and experimental layout:  location and experimental layout

INTERACTION POINTINTERACTION POINT

IP1 (ATLAS)IP1 (ATLAS)

Beam lineBeam line

Detector IIDetector II

TungstenTungsten

ScintillatorScintillator

Silicon mstripsSilicon mstrips

Detector IDetector I

TungstenTungsten

ScintillatorScintillator

ScintillatingScintillating fibersfibers

140 m140 m 140 m140 m

DetectorsDetectors shouldshould measuremeasure energyenergy and position of and position of γγ
fromfrom ππ00 decaysdecays e.m.e.m. calorimeterscalorimeters withwith
position sensitive position sensitive layerslayers

TwoTwo independentindependent detectorsdetectors on on bothboth side of IP1side of IP1
RedundancyRedundancy
Background Background rejectionrejection ((especiallyespecially beambeam--gasgas))
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LHCfLHCf locationlocation
DetectorsDetectors willwill bebe installedinstalled in the TAN in the TAN 
regionregion, 140 m , 140 m awayaway fromfrom the Interaction the Interaction 
PointPoint, in front of , in front of luminosityluminosity monitorsmonitors

HereHere the the beambeam pipe pipe splitssplits
in 2 separate in 2 separate tubestubes..

ChargedCharged particleparticle are are sweptswept
awayaway byby magnetsmagnets!!!!!!

WeWe willwill cover up cover up toto yy ∞∞
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The TAN and LHCfThe TAN and LHCf

marblemarble
shieldingshielding

manipulatormanipulator

boxes for boxes for 
DAQ electronicDAQ electronic



Trieste, May 28, 2007 Trieste, May 28, 2007 -- QCD at Cosmic EnergiesQCD at Cosmic Energies LHCfLHCf Oscar Oscar AdrianiAdriani



Trieste, May 28, 2007 Trieste, May 28, 2007 -- QCD at Cosmic EnergiesQCD at Cosmic Energies LHCfLHCf Oscar Oscar AdrianiAdriani

Detector #1Detector #1

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

Trigger and energy Trigger and energy 
profile measurementsprofile measurements

AbsorberAbsorber

22 tungsten layers 7mm thick 22 tungsten layers 7mm thick 
44 X44 X00 (1.6 (1.6 λλII)) in totalin total

(W: X(W: X00 = 3.5mm,  R= 3.5mm,  RMM = 9mm)= 9mm)

4 pairs of4 pairs of scintillating fiber scintillating fiber 
layers layers for tracking purpose for tracking purpose 
(6, 10, 30, 42 (6, 10, 30, 42 r.lr.l.).)

EnergyEnergy

Impact point (Impact point (ηη))
2 2 towerstowers ~~24 cm long 24 cm long 
stackedstacked verticallyvertically withwith 5 5 
mm gapmm gap

LowerLower:2 cm x 2 cm area:2 cm x 2 cm area

Upper: 4 cm x 4 cm areaUpper: 4 cm x 4 cm area

θ < 300 < 300 µµradrad
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Transverse projectionTransverse projection
of detector #1 in the TAN slotof detector #1 in the TAN slot
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Detector # 2Detector # 2

4 pairs of 4 pairs of silicon microstrip layerssilicon microstrip layers
(6, 12, 30, 42 (6, 12, 30, 42 r.lr.l.) for tracking purpose .) for tracking purpose 
(X and Y) (X and Y) impact pointimpact point

WeWe useuse LHC styleLHC style
electronicselectronics and and readoutreadout

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

Trigger and energy Trigger and energy 
profile measurementsprofile measurements

AbsorberAbsorber
22 tungsten layers 7mm thick 22 tungsten layers 7mm thick 
44 X44 X00 (1.6 (1.6 λλII) in total) in total

(W: X(W: X00 = 3.5mm,  R= 3.5mm,  RMM = 9mm)= 9mm)

2 2 towerstowers 24 cm long 24 cm long stackedstacked on on 
theirtheir edgesedges and offset and offset fromfrom one one 
anotheranother

LowerLower:2.5 cm x 2.5 cm:2.5 cm x 2.5 cm

Upper: 3.2 cm x 3.2 cmUpper: 3.2 cm x 3.2 cm

EnergyEnergy

θθ < 400 < 400 µµradrad
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Transverse projectionTransverse projection
of detector #2 in the TAN slotof detector #2 in the TAN slot

MaximizationMaximization of the of the acceptanceacceptance in R (in R (distancedistance fromfrom beambeam center)center)
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ArmArm 11
Arm1 Arm1 waswas fullyfully assembledassembled in in JapanJapan in in JulyJuly 2006 (2006 (scintillatorsscintillators + + 
fibersfibers + + TungstenTungsten) and ) and fullyfully testedtested at  CERN in at  CERN in AugustAugust 2006 2006 beambeam
testtest
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Scintillating fibers readout (Arm1)

MAPMT

Hamamatsu
64 ch (8x8)
8 dynode

4 cm

2 cm

Clear Fiber

SciFi 1mm Sq.

Joint

SciFi Belts 

1 MIP > 5 p.e.

MAPMT+FEC

VA32HDR14 chip 
from IDEAS
•1 µs shaping time
•Huge dynamic range
(30 pC)
•32 channels
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ArmArm 22
oo Arm2 Arm2 waswas partiallypartially assembledassembled in in 

FlorenceFlorence in in JulyJuly 2006 and 2006 and 
broughtbrought toto CERN CERN forfor the the BeamBeam
Test of Test of AugustAugust 20062006

oo Arm2 Arm2 waswas fullyfully assembledassembled in in 
FlorenceFlorence in in AprilApril 20072007
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SiliconSilicon µµstripsstrips readoutreadout

Pace3 Pace3 chipschips
((manymany thanksthanks toto CMS CMS preshowerpreshower!!!!)!!!!)

••32 32 channelschannels
••25 25 nsns peakingpeaking timetime
••High High dynamicdynamic rangerange (> 400 MIP)(> 400 MIP)
••192x32 192x32 analoganalog pipelinepipeline
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The The mechanicsmechanics of the of the modulemodule

SiliconSilicon sensorsensor

HybridHybrid circuitcircuit
Pace Pace ChipsChips

KaptonKapton fanoutfanout

SiliconXSiliconX SiliconYSiliconY
TungstenTungsten

Light Light GuidesGuides
+ + 

ScintillatorsScintillators

25 mm25 mm
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Front Counter Front Counter 
(Both for Arm1&2)(Both for Arm1&2)

read by a MAPMT
R7600U-00-M4
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Now the real installation in LHCNow the real installation in LHC……

PrePre--Installation dates have been fixed in Fall 2006Installation dates have been fixed in Fall 2006
–– LSS1L (Arm1)LSS1L (Arm1)

oo 8/01/2007 to 26/01/2007 8/01/2007 to 26/01/2007 FINISHED!FINISHED!
–– LSS1R (Arm2)LSS1R (Arm2)

oo 23/04/2007 to 11/05/2007 23/04/2007 to 11/05/2007 FINISHEDFINISHED

The dates for the final installation are still under discussionThe dates for the final installation are still under discussion

The idea The idea isis thatthat installationinstallation takestakes placeplace in 2 in 2 stepssteps::
PrePre--installationinstallation
Final Final installationinstallation

In In betweenbetween the 2 the 2 installationinstallation the the bakingbaking out of the out of the beambeam
pipe pipe willwill bebe donedone (200 (200 ooCC), so the ), so the detectorsdetectors shouldshould bebe
removedremoved
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Arm1 preArm1 pre--installationinstallation

From 8/01/2007 to 26/01/2007From 8/01/2007 to 26/01/2007

No major problems came outNo major problems came out

Cables Cables OKOK
Transport and installation Transport and installation OKOK
Laser calibration Laser calibration OKOK
Power supply from USA15 Power supply from USA15 OKOK
Manipulator and movements Manipulator and movements OKOK

Arm1 was dismounted at the endArm1 was dismounted at the end
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Transport and insertion in the TANTransport and insertion in the TAN
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LHCfLHCf Arm 1 Arm 1 –– Installation completed Installation completed 
withinwithin 15 minutes15 minutes!!
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Arm2 preArm2 pre--installationinstallation

From 23/04/2007 to 11/05/2007From 23/04/2007 to 11/05/2007

No major problems came outNo major problems came out

Cables Cables OKOK
Transport and installation Transport and installation OKOK
Laser calibration          Laser calibration          OK locallyOK locally

TBD from remoteTBD from remote
Power supply from USA15 Power supply from USA15 OKOK
Manipulator and movements Manipulator and movements OKOK

No interference with BRANNo interference with BRAN

Arm2 was dismounted on May 9Arm2 was dismounted on May 9



Trieste, May 28, 2007 Trieste, May 28, 2007 -- QCD at Cosmic EnergiesQCD at Cosmic Energies LHCfLHCf Oscar Oscar AdrianiAdriani



Trieste, May 28, 2007 Trieste, May 28, 2007 -- QCD at Cosmic EnergiesQCD at Cosmic Energies LHCfLHCf Oscar Oscar AdrianiAdriani

LHCfLHCf Physics performancePhysics performance

1.1. Single Single photonphoton spectrumspectrum
2.2. ππ00 fullyfully reconstructedreconstructed (1 (1 γγ in in eacheach towertower))

ππ00 reconstructionreconstruction isis anan importantimportant tooltool forfor energyenergy
calibrationcalibration ((ππ00 mass mass constraintconstraint))

Basic detector Basic detector requirementsrequirements: : 
minimum 2 minimum 2 towerstowers ((ππ00 reconstructionreconstruction))
SmallestSmallest towertower on the on the beambeam (multiple (multiple hitshits))
DimensionDimension of the of the towertower MoliereMoliere radiusradius
MaximumMaximum acceptanceacceptance ((givengiven the LHC the LHC constraintsconstraints))

SimulationSimulation BeamBeam TestTest
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ExamplesExamples of of simulatedsimulated eventsevents forfor γγ and nand n
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Dete
cta

ble

Dete
cta

ble
eve

nts

eve
nts

140 BeamBeam crossingcrossing
angleangle

LHCfLHCf performances: acceptance on performances: acceptance on PPTTγγ--EEγγ planeplane

A A verticalvertical beambeam crossingcrossing angle > 0 angle > 0 willwill
increaseincrease the the acceptanceacceptance of of LHCfLHCf
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LHCfLHCf performances: single performances: single γγ geometrical acceptancegeometrical acceptance

Some Some runsruns withwith LHCfLHCf verticallyvertically shiftedshifted few cm few cm 
willwill allowallow toto cover the cover the wholewhole kinematicalkinematical rangerange
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LHCfLHCf performances: performances: γγ shower in Arm #2shower in Arm #2

Fluka based simulation

7 7 µµm for 1.8 TeV m for 1.8 TeV γγ

Position resolution of detector # 2Position resolution of detector # 2

500 500 GeVGeV γγ shower shower 
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ArmArm #1#1
∆∆E/E=5%E/E=5%
200 200 µµm m spatialspatial resolutionresolution

∆∆m/m = 5%m/m = 5%

LHCfLHCf performancesperformances: : ππ00 mass mass resolutionresolution
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LHCfLHCf performancesperformances: Monte Carlo : Monte Carlo γγ--rayray energyenergy spectrumspectrum
(5% (5% EnergyEnergy resolutionresolution isis takentaken intointo account)account)

101066 generatedgenerated LHC LHC interactionsinteractions 1 Minute 1 Minute 
exposure@10exposure@102929 cmcm--22ss--11 luminosityluminosity

DiscriminationDiscrimination betweenbetween variousvarious modelsmodels
isis feasiblefeasible Quantitative Quantitative 

discriminationdiscrimination
withwith the help of a the help of a 
properlyproperly defineddefined χχ22

discriminatingdiscriminating
variablevariable basedbased on on 
the the spectrumspectrum shapeshape
((seesee TDR TDR forfor
detailsdetails))
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QGSJETII: QGSJETII: usedused modelmodel
QGSJET: QGSJET: χχ22/DOF=107/125/DOF=107/125
DPMJET3: DPMJET3: χχ22/DOF=224/125/DOF=224/125
SYBILL: SYBILL: χχ22/DOF=816/125/DOF=816/125

γγ rayray energyenergy spectrumspectrum forfor differentdifferent positionspositions



Trieste, May 28, 2007 Trieste, May 28, 2007 -- QCD at Cosmic EnergiesQCD at Cosmic Energies LHCfLHCf Oscar Oscar AdrianiAdriani

LHCfLHCf performances: performances: ππ00 geometrical acceptancegeometrical acceptance

ArmArm #1#1

ArmArm #2#2
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LHCfLHCf performances: energy spectrum of performances: energy spectrum of ππ00

Typical energy resolution of Typical energy resolution of γγ is 3 % at 1TeVis 3 % at 1TeV
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LHCfLHCf performances: performances: 
model dependence of neutron energy distributionmodel dependence of neutron energy distribution

OriginalOriginal n n energyenergy 30% 30% energyenergy resolutionresolution
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Estimate of the backgroundEstimate of the background

beambeam--beam pipebeam pipe
E E γγ(signal) > 100 GeV, OK(signal) > 100 GeV, OK

background background < 1% < 1% 

beambeam--gasgas
It depends on the beam conditionIt depends on the beam condition

background background < 1% (< 1% (under 10under 10--1010 TorrTorr))

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

Background  Background  < 10%< 10% (conservative value)(conservative value)
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The LPM The LPM effecteffect

IncreaseIncrease of X0 of X0 withwith
increasingincreasing γγ energyenergy

LHCfLHCf isis ableable toto directlydirectly
measuremeasure the LPM the LPM effecteffect!!

Landau Landau –– PomeranchukPomeranchuk -- MigdalMigdal
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SPS Beam Tests: 2004 & 2006SPS Beam Tests: 2004 & 2006

LHCf LHCf 
DetectorDetector

SiliconSilicon
TrackerTracker

Moving TableMoving Table
Trigger Trigger 
ScintillatorScintillator

CERN : SPS T2 H4CERN : SPS T2 H4
Incident ParticlesIncident Particles

––ProtonProton 150,350GeV/c150,350GeV/c
––Electron  100,200GeV/cElectron  100,200GeV/c
––Muon      150GeV/cMuon      150GeV/c

SetupSetup

Tests were successfulTests were successful

Energy resolutionEnergy resolution
Energy calibrationEnergy calibration
Spatial resolution of the Spatial resolution of the 

tracking systemstracking systems
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An electron event as seen by Arm1An electron event as seen by Arm1

40mm Calorimeter : 196 GeV electron40mm Calorimeter : 196 GeV electron

ScifiScifiTransition CurveTransition Curve

2 r.l. step2 r.l. step 4 r.l. step4 r.l. step

ee--

196GeV196GeV
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Leakage CorrectionLeakage Correction
Monte CarloMonte Carlo

Prototype ExperimentPrototype Experiment

MC predicts that the MC predicts that the 
leakage is energy independent!leakage is energy independent!

correctioncorrection

Distance from EdgeDistance from Edge

N
 P

ar
tic

le
s

N
 P

ar
tic

le
s
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SciFi Position ResolutionSciFi Position Resolution
Energy ResolutionEnergy Resolution

Measured at the SPS Measured at the SPS 

Beam Test in 2004Beam Test in 2004

LHCfLHCf can measure (and provide to can measure (and provide to 
LHC) the center of neutral flux LHC) the center of neutral flux 
from the collisions from the collisions 

IfIf the center of the the center of the 
neutralneutral fluxflux hitshits LHCfLHCf

<< 1 mm << 1 mm resolutionresolution

Performances of the Performances of the LHCfLHCf DetectorDetector
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Energy CalibrationEnergy Calibration

Problem: Determination of the conversion factor from ADC to Problem: Determination of the conversion factor from ADC to 
Energy in each calorimeter layerEnergy in each calorimeter layer
⇒⇒ AAii [ADC counts/MeV] (i: Layer[ADC counts/MeV] (i: Layer））

Event Selection (Centered events)Event Selection (Centered events)
Incident point Incident point 

20mm 20mm 3mm from calorimeter center3mm from calorimeter center
40mm 40mm 5mm from calorimeter center5mm from calorimeter center

10mm10mm

6mm6mm

How to do?How to do?
Compare data with  simulation (EPICS), tuning with beam test datCompare data with  simulation (EPICS), tuning with beam test dataa

Beam Profile Beam Profile 
40mm Calorimeter40mm Calorimeter
196 196 GeVGeV ee-- RUNRUN
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Data vs. Simulation Data vs. Simulation 
40mm Calorimeter : 196 40mm Calorimeter : 196 GeVGeV

Red : Simulation Red : Simulation Black : ExperimentBlack : Experiment

Ai = Ai = Mean(dataMean(data) /  ) /  
Mean(simulationMean(simulation))

Layer       Layer       χχ22 D.O.F.D.O.F.
3        42.6  /    603        42.6  /    60
4        23.8  /    484        23.8  /    48
5        50.0  /    365        50.0  /    36
6        64.5  /    386        64.5  /    38

SimulationsSimulations and data and data 
agreesagrees wellwell!!!!!!
EnergyEnergy scale can scale can bebe wellwell
inferredinferred
Work in progress Work in progress toto checkcheck the the energyenergy
scale scale forfor differentdifferent energiesenergies
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Few Few plotsplots of the of the beambeam test test resultsresults forfor siliconsilicon

A high A high energyenergy electron electron showershower seenseen on x and y on x and y siliconsilicon

<<NoiseNoise> > ~ 5 ADC counts~ 5 ADC counts

XX YY
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EnergyEnergy measuredmeasured
100 100 GeVGeV electronselectrons
High GainHigh Gain

XX

YY



The The LHCfLHCf operationoperation in LHCin LHC
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Optimal Optimal LHCfLHCf run conditionsrun conditions

Beam parameters used for Beam parameters used for 
commissioning are good for commissioning are good for 
LHCfLHCf!!!!!!

4x104x101010 ppb (ppb (ββ*=18 m)*=18 m)

1x101x101010 ppb (ppb (ββ*=  1 m)*=  1 m)

Bunch intensityBunch intensity

≤≤ ~10~1030 30 cmcm--22ss--11LuminosityLuminosity

< 2 x 10< 2 x 1028 28 cmcm--22ss--11Luminosity per Luminosity per 
bunchbunch

0 0 radrad

140 140 µµradrad downwarddownward

Crossing angleCrossing angle

> 2 > 2 µµsecsecBunch separationBunch separation

≤≤ 4343# of bunches# of bunches

ValueValueBeam parameterBeam parameter

No radiation problem for 10kGy by a No radiation problem for 10kGy by a ““yearyear”” operation with this luminosityoperation with this luminosity
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OptimalOptimal
conditionsconditions forfor
LHCfLHCf runningrunning!!

FromFrom R. R. BaileyBailey presentationpresentation at at JanuaryJanuary 2007 TAN workshop 2007 TAN workshop 

Stage 1Stage 1
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LHCfLHCf proposed running scenarioproposed running scenario
PhasePhase--II

Run since the very beginning of LHC operations Run since the very beginning of LHC operations 
(Stage 1, 43 bunches)(Stage 1, 43 bunches)
Remove the detector for radiation issues when the Remove the detector for radiation issues when the 
machine goes to the Stage II (luminosity reaches machine goes to the Stage II (luminosity reaches 
10103131cmcm--22ss--1)1) and reinstall the 3 Cu bars and reinstall the 3 Cu bars 

PhasePhase--IIII
ReRe--install the detector at the next opportunity of low install the detector at the next opportunity of low 
luminosity run after removal of Cu bars (Totem luminosity run after removal of Cu bars (Totem 
dedicated runs? Possible dedicated runs? Possible LHCfLHCf dedicated runs?)dedicated runs?)

PhasePhase--IIIIII
Future extension for pFuture extension for p--A, AA, A--A run with upgraded A run with upgraded 
detectors?detectors?
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LHCfLHCf: conclusions and plans: conclusions and plans
LHCfLHCf approved in June 2006 by the LHCCapproved in June 2006 by the LHCC

Physics performances: Physics performances: 
able to measure able to measure ππ00 mass with  5% resolution.mass with  5% resolution.
able to distinguish the models by measurements of able to distinguish the models by measurements of ππ00 and and γγ
able to distinguish the models by measurements of able to distinguish the models by measurements of nn

Detectors:Detectors:
Arm1 & Arm2 are fully readyArm1 & Arm2 are fully ready
Test beams were done in 2004 & 2006 to measure the performancesTest beams were done in 2004 & 2006 to measure the performances

Installation phase well advancedInstallation phase well advanced
ARM1 already successfully preARM1 already successfully pre--installed in January 07,installed in January 07,
ARM2 already successfully preARM2 already successfully pre--installed in Aprilinstalled in April--May 07May 07
Final installation date is under discussion  Final installation date is under discussion  

Running conditions:Running conditions:
Three foreseen phasesThree foreseen phases

Phase I: Run at the beginning of LHC operations (43 bunches)Phase I: Run at the beginning of LHC operations (43 bunches)
Phase II: operation during low luminosity TOTEM runs or dedicatePhase II: operation during low luminosity TOTEM runs or dedicated runsd runs
Phase III: Heavy Ion runs ?Phase III: Heavy Ion runs ?

Waitin
g

Waitin
g forfor

LHC 
LHC beams

beams!!!!!!



Back up SlidesBack up Slides
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Epics v.s. Geant4Epics v.s. Geant4

W: 7mm W: 7mm 
Scintillator: 3mm Scintillator: 3mm 

x 16 x 16 

100mm100mm

100mm100mm

ee--
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XX

YY

BeamBeam profileprofile
200 200 GeVGeV electronselectrons
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γγ raterate
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ππ00 raterate
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Effect of Effect of LHCfLHCf on BRAN measurementon BRAN measurement

The effect of The effect of LHCfLHCf on BRAN measurements has been on BRAN measurements has been 
studied in the last months by simulationstudied in the last months by simulation
–– Reduction of shower particles at BRANReduction of shower particles at BRAN
–– Position dependence on beam displacementPosition dependence on beam displacement

(question from machine peoples: if we shift by 1 mm the (question from machine peoples: if we shift by 1 mm the 
real beam, does the center of the measured neutral energy real beam, does the center of the measured neutral energy 
shifts by 1 mm?)shifts by 1 mm?)

LUMI monitor (BRAN) inside TAN LUMI monitor (BRAN) inside TAN isis beyondbeyond LHCfLHCf ((replacingreplacing 4th 4th coppercopper bar)bar)

LHCfLHCf
LumiLumi

Cu Bar / ZDCCu Bar / ZDC

IP1IP1

LHCfLHCf
LumiLumi

Cu Bar / ZDCCu Bar / ZDC
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Arm #1 Arm #2

H.Menjo

Relative change of the reduction factors for BRAN with respect tRelative change of the reduction factors for BRAN with respect to the o the 
nominal value (center of the beam: nominal one) nominal value (center of the beam: nominal one) 

BRAN response BRAN response vsvs beam positionbeam position

If the position of beam center stays within a few mm from If the position of beam center stays within a few mm from 
the beamthe beam--pipe center, the reduction factors do not change pipe center, the reduction factors do not change 

more than 10%more than 10%

1 x 1 
cm2

1 x 1 
cm2




