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Status of Status of ILCrootILCroot framework framework 
for for MuonMuon ColliderCollider

studies studies 
Corrado GattoCorrado Gatto
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OutlineOutline

�� ReviewReview ofof previousprevious resultsresults (Nov. 2009 (Nov. 2009 
workshop)workshop)

�� PresentPresent status status ofof the the frameworkframework and and 
newernewer resultsresults

�� ProposalProposal forfor upcomingupcoming studiesstudies
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ILCrootILCroot: : rootroot IInfrastructurenfrastructure forfor LLargearge CCollidersolliders
� C++ Software architecture based on root, VMC & Aliroo t

� G3, G4, Fluka + all ROOT tools (I/O, graphics, PROOF, data structure, etc)
� Single framework, from generation to reconstruction  through simulation 

and analysis

� Main add-ons Aliroot:

1. Interface to external generator files in various format (MARS, STDHEP, txt, etc.)

2. Standalone VTX track fitter

3. Pattern recognition from VTX (for silicon central trackers)

4. Parametric beam background (# integrated bunch crossing chosen at run time)

• Growing number of experiments have adopted it: Alice (LHC), Opera 
(LNGS), (Meg), CMB (GSI), Panda(GSI), 4th Concept, (SiLC ?) and LHeC

• It is Publicly available at FNAL on ILCSIM since 2006
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SummarySummary ofof previousprevious studiesstudies
forfor a a MuonMuon ColliderCollider

(FNAL workshop (FNAL workshop -- Nov. 2009)Nov. 2009)
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Detector layout & Detector layout & shieldingshielding

Modification of 4 th Concept Detector for 3 TeV
Physics + shielding

1. Vertex Detector  20-micron pixels (modifed SiD layout)

2. Silicon Tracker (SiD layout with 50umx50mm pixels)

3. Forward Tracker Disks (SiLC layout)

4. Triple-readout calorimeter

5. Dual-solenoid with Muon Spectrometer

6. 3.5 T magnetic field

50 cm thick
tungsten

10 cm thick
Polyethylene

borate
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InnerInner TungstenTungsten NoseNose
Wrong z position:
Responsible for 30°

shading rather than 6°

Fixed in present version

Still useful infos
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Detector Detector StudiesStudies
�� IngredientsIngredients forfor thisthis studystudy::

�� 4th 4th ConceptConcept detector detector modifiedmodified forfor MuonMuon ColliderCollider

�� Single Single muonsmuons

�� W,Z W,Z --> > qqqq

�� Geant4Geant4

�� Full Full simulationsimulation, , patterpatter recognitionrecognition and and reconstructionreconstruction

in in ILCrootILCroot

�� GoalsGoals::

�� UnderstandingUnderstanding effectseffects ofof shieldingshielding on on tracktrack

reconstructionreconstruction
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EffectEffect ofof 3030°° ShieldingShielding on on TrackingTracking EfficiencyEfficiency

�� GeometricGeometric efficiencyefficiency isis lowerlower

�� KalmanKalman FittingFitting isis mostlymostly

unaffectedunaffected forfor reconstructablereconstructable

trackstracks

DefinitionDefinition ofof a a reconstructablereconstructable tracktrack

I.I. DCA(DCA(truetrue ) < 3.5 cm ) < 3.5 cm 
ANDAND

II.II. At At leastleast 4 4 hitshits in the detectorin the detector

Including ShieldingExcluding Shielding

Reconstructable tracks Reconstructable tracks

Shield

F. Ignatov
M. Peccarisi

single muons
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EffectEffect ofof 3030°° ShieldingShielding on on TrackTrack ReconstructionReconstruction
Including ShieldingExcluding Shielding

Quite dramatic
effects

single muons
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EffectEffect ofof 3030°° ShieldingShielding on on PhysicsPhysics: : WWWWνννν

Reconstructable tracks 20° DefinitionDefinition ofof a a reconstructablereconstructable tracktrack

I.I. DCA(DCA(truetrue ) < 3.5 cm ) < 3.5 cm 
ANDAND

II.II. At At leastleast 4 4 hitshits in the detectorin the detector

F. IgnatovWWnunu
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EffectEffect ofof 3030°° ShieldingShielding on on PhysicsPhysics: : WWWWνννν
33° 33°

Resolution of track
parameters

vs θθθθ

F. IgnatovWWnunu
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Background Background StudiesStudies
�� IngredientsIngredients forfor thisthis studystudy::

�� FinalFinal Focus Focus descriptiondescription asas in MARS (in MARS (Vadim Vadim AlexakhinAlexakhin))

�� Detector Detector descriptiondescription in in ILCrootILCroot

�� MARSMARS--toto--ILCrootILCroot interface (interface (Vito Di BenedettoVito Di Benedetto))

�� HowHow itit worksworks

�� The interface (The interface (ILCGenReaderMARSILCGenReaderMARS) ) isis a a TGeneratorTGenerator in in ILCrootILCroot

�� MARS output MARS output isis usedused asas a a configconfig filefile

�� ILCGenReaderMARSILCGenReaderMARS create acreate a STDHEP file STDHEP file withwith a a listlist ofof particlesparticles enteringentering the the 

detector area at z = 6mdetector area at z = 6m

�� MARS MARS weightsweights are are usedused toto generate the generate the particleparticle multiplicitymultiplicity forfor G4G4

�� ThresholdThreshold cutscuts are are specifiedspecified in in Config.CConfig.C toto limitlimit the the particleparticle listlist fedfed toto G4G4

�� Geant4 Geant4 takestakes overover at 6mat 6m

�� EventsEvents are are finallyfinally passedpassed throughthrough the the usualusual simulationsimulation (G4)(G4)--> > digitizationdigitization--

>>reconstructionreconstruction machinerymachinery

Description was not
optimized for µCollider

studies:

Extreme details -> very
slow
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ExpectedExpected BkgBkg in the Detector at MDI in the Detector at MDI planeplane
(no (no shieldshield includedincluded))
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ee-- InducedInduced Background Background 
((oneone beambeam onlyonly))
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BeamBeam BackgroundBackground
in EM and HAD in EM and HAD CalorimeterCalorimeter

HCAL

GeV/10 tower

90° 3° 90° 3°

GeV/(40 crystals)

ECAL

Alexakhin
Di Benedetto

Most of the 
background is

from e -

Negligeable
hadronic

background 
(mostly muons)
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PreliminaryOccupancyOccupancy in the in the TrackingTracking SystemsSystems

Legenda

-WWnunu
-Beam bkg
except muons
-muons

VXD
Barl

VXD
EC

CT
Barl

Central Tracker
EC

FTD

5 hits/cm 2

at R=20 cm

About 10 
muons per BX 

(rejected
easily by µµµµ

spectrometer)

F. Ignatov
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FewFew considerationsconsiderations on Nov. 2009 on Nov. 2009 
frameworkframework and and studiesstudies

�� ProPro

�� MachineryMachinery forfor background and background and PhysicsPhysics studiesstudies isis in in placeplace

�� ConCon

�� NoseNose design design waswas wrong (wrong (impactingimpacting PhysicsPhysics more more thanthan necessarynecessary))

�� StillStill providesprovides interestinginteresting informationsinformations

�� Detector Detector descriptiondescription tootoo detaileddetailed

�� SimulationSimulation tootoo slow (10slow (1066 particlesparticles passingpassing prepre--cutscuts needneed aboutabout 1 week 1 week 

toto simulate/simulate/reconstructreconstruct) ) 

�� HarshHarsh prepre--cutscuts toto limitlimit particlesparticles fedfed intointo Geant4Geant4

�� WeightsWeights in MARS in MARS notnot optimizedoptimized forfor trackingtracking studiesstudies
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New New frameworkframework forfor PhysicsPhysics and and 
background background studiesstudies

(in (in collaborationcollaboration withwith N. N. MokhovMokhov groupgroup))
releasedreleased on Feb. 2010on Feb. 2010

�� AddressesAddresses the the followingfollowing issuesissues

�� ““NoseNose”” designdesign

�� Detector Detector SimulationSimulation speedspeed

�� WeigthWeigth definitiondefinition in MARSin MARS

�� WeWe providedprovided anan easy detector easy detector configurationconfiguration forfor initialinitial PhysicsPhysics & & 

Detector Detector studiesstudies byby nonnon--expertsexperts

Still not the final version for detector studies
OK for Physics studies
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UpdatedUpdated MARS & MARS & MARSMARS interfaceinterface

�� New New nosenose (minimal design, (minimal design, withwith correctioncorrection ofof oldold
mistakesmistakes))

�� New New definitiondefinition ofof weightsweights (N. (N. MokhovMokhov))

�� Fine Fine tuningtuning ofof weightweight definitiondefinition byby separatingseparating
muonmuon decaydecay fromfrom EM EM interactionsinteractions (N. (N. MokhovMokhov))

�� ILCGenReaderMARSILCGenReaderMARS withwith doubledouble optionoption::
�� ListList ofof individualindividual particlesparticles withwith unitaryunitary weightweight

�� ListList ofof weightedweighted particlesparticles

�� New background New background eventsevents byby VadimVadim

For tracking
studies

For calorimetric
studies
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UpdatedUpdated ILCrootILCroot

�� ReplacedReplaced EM and HAD EM and HAD calorimeterscalorimeters withwith homogeneoushomogeneous
lauoutlauout mimicingmimicing dualdual--readoutreadout calorimeterscalorimeters

σσEMEM /E/E = 2.8%/= 2.8%/√√EE⊕⊕ 0.2%/  0.2%/  σσHADHAD /E = 30%//E = 30%/√√EE ⊕⊕ 1.7%/1.7%/

�� ParametrizedParametrized VXD VXD descriptiondescription forfor trackingtracking studiesstudies
((unfinishedunfinished))

�� InsertInsert quadrupolesquadrupoles forfor finalfinal focus (focus (asas MDI MDI planeplane =7.5m)=7.5m)

�� BB--fieldfield = = solenoidsolenoid + + quadrupolequadrupole

�� FasterFaster simulationsimulation//reconstructionreconstruction

�� TutorialsTutorials forfor installationinstallation//runningrunning
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New New resultsresults
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IntegratedIntegrated
background in EM background in EM 

and and HadronHadron
calorimeterscalorimeters::

�� BackroundBackround source source fromfrom 1 1 
collisioncollision (MARS (MARS -- DecDec. 2009). 2009)

�� EECMCM = 1.5 = 1.5 TeVTeV

�� CalorimeterCalorimeter coveragecoverage
66°°<<θθ<174<174°°

�� WeightedWeighted particlesparticles methodmethod

�� MDI MDI separationseparation planeplane: 7.5 m : 7.5 m 
fromfrom I.PI.P..

�� No No prepre--cutscuts

�� Full G4 Full G4 simulationsimulation

�� 1 1 binbin = 4x4 cm= 4x4 cm22 cellcell

GeV

GeV
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IntegratedIntegrated background background 
fromfrom MARSMARS in EM in EM 

calorimetercalorimeter vs vs originorigin ofof
particleparticle

GeV

GeV

µµµµ decay

Entering
detector area 

at 7.5 m

R = rxy of particle
origin (1bin= 30cm)

Z=7.5 means that
the particle

originated outside
the MDI separation
plane (1bin=16cm)
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IntegratedIntegrated background background 
fromfrom MARSMARS in HAD in HAD 

calorimetercalorimeter vs vs originorigin ofof
particleparticle

GeV

GeV

µµµµ decay

Entering
detector area 

at 7.5 m

R = rxy of particle
origin (1bin= 30cm)

Z=7.5 means that
the particle

originated outside
the MDI separation
plane (1bin=16cm)
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IntegratedIntegrated background background fromfrom
in EM & HAD in EM & HAD calorimeterscalorimeters
in in sphericalspherical coordinatescoordinates

µµµµ decay

Most of
background source 

is located in well
delimited regions

HAD calorimeter

EM calorimeter

8 orders of
magnitued

between blue and 
red area)

Horizontal plane

Horizontal plane

φ=0°

φ=0°

φ=180°

φ=180°
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SameSame plotsplots, in log scale, in log scale

µµµµ decay
HAD calorimeter

Horizontal plane

φ=0°

φ=180°

EM calorimeter

Horizontal plane

φ=0°

φ=180°
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EM Energy/4x4cmEM Energy/4x4cm22 vs MARS vs MARS particleparticle speciesspecies
(MDI (MDI separationseparation plane=7.5 m plane=7.5 m fromfrom IP) IP) 

GeV

GeV

GeV

GeV
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HAD Energy/4x4cmHAD Energy/4x4cm22 vs MARS vs MARS particleparticle speciesspecies
(MDI (MDI separationseparation plane=7.5 m plane=7.5 m fromfrom IP) IP) 

GeV

GeV

GeV

GeV
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Energy/4x4cmEnergy/4x4cm22 vs vs particlesparticles enteringentering the EM the EM 
calorimetercalorimeter (G4 (G4 generatorgenerator) ) 

GeV

GeV

GeV

GeV



June 2nd, 2010June 2nd, 2010 Muon Collider Physics & Detectors Muon Collider Physics & Detectors -- C. GattoC. Gatto 3030

Energy/4x4cmEnergy/4x4cm22 vs vs particlesparticles enteringentering the HAD the HAD 
calorimetercalorimeter (G4 (G4 generatorgenerator) ) 

GeV

GeV

GeV

GeV
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OccupancyOccupancy in the in the TrackingTracking SystemsSystems ((fromfrom MARS+G4)MARS+G4)

None of the two
plots is fully

correct

Dedicated
approach is

required (see later)

Correct occupancy
is in the middle

VXD
Barl

VXD
EC

CT
Barl

Central Tracker
EC

FTD

Unweighted:
MARS output sent 

to G4 disregarding
the weights

Weighted:
MARS output sent 
to G4 multiplying

by its weight
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Performance Performance ofof newnew frameworkframework

�� ConsiderConsider: : µµCollColl background at Ebackground at ECMCM=1.5 =1.5 TeVTeV and 2x10and 2x101212

µµ//bunchbunch (no (no cutcut--offsoffs))

�� 4.5x104.5x109 9 background background particlesparticles//eventevent ((unweightedunweighted))

�� 4.6x104.6x106 6 background background particlesparticles//eventevent withwith <<weightweight> > ≈≈
9.8x109.8x1022

�� Processing Processing timetime withwith 200 CPU on 200 CPU on fermiGridfermiGrid: 22 : 22 hrshrs/ / evtevt
withwith 4.6x104.6x1066 weightedweighted or or unweightedunweighted particlesparticles (no (no prepre--cutscuts))
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FewFew considerationsconsiderations on the on the updatedupdated
frameworkframework

�� SpeedSpeed improvementimprovement isis ������ ���� vs Nov. 2009vs Nov. 2009

�� AllowsAllows forfor 101066--101077//dayday background background particlesparticles fullyfully

simulatedsimulated and and reconstructedreconstructed withwith G4 in a G4 in a realreal detector detector 

withwith 200 CPU200 CPU

�� SufficientSufficient forfor calorimetriccalorimetric studiesstudies ((whichwhich can can digestdigest
weightedweighted particlesparticles), ), butbut notnot forfor trackingtracking studiesstudies

�� At At leastleast ������  ����  tootoo manymany particlesparticles
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NextNext stepstep::

PROPOSALPROPOSAL

FOR A TASK FORCE WORKING GROUPFOR A TASK FORCE WORKING GROUP

ON SIMULATION STUDIESON SIMULATION STUDIES

FOR THE FEASIBILITY OF AFOR THE FEASIBILITY OF A

HIGH ENERGY PHYSICS EXPERIMENTHIGH ENERGY PHYSICS EXPERIMENT

AT A MUON COLLIDERAT A MUON COLLIDER

�� BasedBased on:on:
�� ToolsTools alreadyalready existingexisting

�� A A timetime frame frame ofof 1.51.5--2 2 yearsyears

�� The The timetime necessarynecessary forfor the the acceleratoraccelerator groupgroup and the detector and the detector groupgroup toto implementimplement newnew
configurationsconfigurations in the in the simulationsimulation ((aboutabout 1 week)1 week)

�� The goal The goal ofof preparingpreparing a a ““Yellow ReportYellow Report””--likelike documentdocument

�� The people The people whowho havehave expressedexpressed theirtheir interest in interest in suchsuch projectproject

�� WriteWrite--upup distributeddistributed on Jan. 2010on Jan. 2010

�� HoweverHowever::

�� ItIt shouldshould bebe rere--discusseddiscussed in case in case ofof anan enlargedenlarged communitycommunity

Contributions
by

Y. Alexahin
Y.C. Chen
M. Demarteau
E. Eichten
C. Gatto
S. Geer
E. Gianfelice
J. Yoh
R. Lipton
N. Mokhov
S. Mrenna
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PhasePhase I: I: Tools preparation (on going)Tools preparation (on going)

�� PhysicsPhysics
� Preparation of a list of few benchmark processes for their implementation in the Physics 

event generators

�� AcceleratorAccelerator::
� A machine lattice configuration optimized in MARS15 for 0.75 and 1.5 TeV muon beams, at 

the machine-detector interface plane (z=7.5) to

� Preliminary design of forward shielding (”cone”) inside the detector in proximity of the IP.

�� Detector:Detector:
�� Implementation in Implementation in ILCrootILCroot of detector models to be used for various studies to be performof detector models to be used for various studies to be performed ed 

in Phase II and Phase III (see later).in Phase II and Phase III (see later).

�� Determination of the threshold parameters (Determination of the threshold parameters (””prepre--cutscuts””) in MARS15 simulation in order to ) in MARS15 simulation in order to 

reduce the contributions to the background only to the sources ereduce the contributions to the background only to the sources effectively affecting detector ffectively affecting detector 

performance.performance.

Goal is to have a stable lattice configuration
and three detector configurations for Phase II 
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PhasePhase II: II: Optimization of detector and machine lattice Optimization of detector and machine lattice wrtwrt background.background.
Initial Physics studies Initial Physics studies -- 9 months9 months

�� PhysicsPhysics
�� Preliminary plots of observables for the analysis of few PhysicsPreliminary plots of observables for the analysis of few Physics Benchmark processes, using Benchmark processes, using 

a simplified detector simulation (Deta simplified detector simulation (Det--V0, already distributed)V0, already distributed)

�� AcceleratorAccelerator::
� A consistent design of the Interaction Region (IR), based on superconducting magnets 

capable of handling 0.5 kW/m loss rate, verified thorough MARS15 calculations, with inner 
liners, masks and shielding against Bethe-Heitler muons for 1.5-TeV muon beams.

� A source term, calculated with MARS15 for 1.5-TeV muon beams, at the machine detector 
interface plane for the optimal IR and shielding configuration.

�� Detector:Detector:
�� Optimization of detector Optimization of detector wrtwrt background for various lattice configurations (see background for various lattice configurations (see 

later)later)

Goal is to freeze a lattice configuration
and a detector layout for Phase III
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PhasePhase III: III: Optimization of detector and forward shielding Optimization of detector and forward shielding wrtwrt
Physics. Full Physics studies Physics. Full Physics studies -- 12 months12 months

�� PhysicsPhysics, , AcceleratorAccelerator, , Detector:Detector:
� Perform the Physics analysis of the benchmark channels 

� All analysis will be performed for few different forward shielding 
(“nose”).

Goals are:

1) to freeze a forward shielding configuration
and a detector layout/technology

2) perform final physiscs studies with such configuration
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Some Some optimizationoptimization issuesissues: background: background

�� SplitSplit Background Background eventevent fromfrom MARS MARS intointo twotwo componentscomponents::

1. Source term from 150m to 30m: mostly muons. Unlikely to be
changed during the optimization phase of the beam delivery 
systems.

2. Source term from 30m to MDI layer (7.5m)

� The two components are merged in ILCroot at run time
(pretend they are incorrelated background sources)



June 2nd, 2010June 2nd, 2010 Muon Collider Physics & Detectors Muon Collider Physics & Detectors -- C. GattoC. Gatto 3939

Some Some optimizationoptimization issuesissues: background: background

�� NeedNeed toto reduce the reduce the eventevent multiclicitymulticlicity byby 90%. 90%. TwoTwo

possiblepossible alternativesalternatives::

1. Set cut-off values and use particles with weight = 1

� from external fast-simulation (ex. S. Mrenna)

� from ILCroot/G4 and force energy deposition within few steps

2. Use no cut-off and use particles with weight �����
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Some Some optimizationoptimization issuesissues: : detectorsdetectors

�� Phase II would work better with two detector modelsPhase II would work better with two detector models::
� Det-V1 for calorimetric studies: uses weighted particles from MARS 

(already implemented)

� Det-V2 for tracking studies (occupancy, track separation, 
resolution, etc.): requires split of MARS weigthed particle into a list
of unweighted particles

� A compromise would be to reduce in ILCGenReaderMARS the 
weight and increase the particle multiplicity

� Ex: a particle with weight 200 could be fed to G4 as:

� 1 particle with weight 200

� 200 particles,  each with weight 1

� 20 particles, each with weight 10

Already implemented

Not implemented
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SimulationSimulation + full + full digitizationdigitization + + reconstructionreconstruction

1)1) MergeMerge background background withwith

physicsphysics eventsevents or or withwith

jetsjets

2)2) ReconstructReconstruct trackstracks withwith

properproper pattern pattern 

recognitionrecognition + + KalmanKalman

FilterFilter

3)3) ReconstructReconstruct CalorimetricCalorimetric

ClustersClusters

4)4) StudyStudy the the effecteffect on on 

detector performance detector performance 

and and measuremntsmeasuremnts ofof

PhysicsPhysics quantityquantity

MC Generation ⇒⇒⇒⇒
Energy Deposits in Detector

SDigitization ⇒⇒⇒⇒

Detector response from 
single particle

Digitization ⇒⇒⇒⇒
Detector response combined

Pattern Recognition ⇒⇒⇒⇒ Recpoints

Track Finding ⇒⇒⇒⇒ Tracks

Track Fitting ⇒⇒⇒⇒ Track Parameters

MC Generation ⇒⇒⇒⇒
Energy Deposits in Detector

SDigitization ⇒⇒⇒⇒

Detector response from 
single particle

Physics
process

Background
30m – 7.5m

MC Generation ⇒⇒⇒⇒
Energy Deposits in Detector

SDigitization ⇒⇒⇒⇒

Detector response from 
single particle

Background
150m – 30m
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WhatWhat’’s s missingmissing in in ILCrootILCroot

� Complete parametrc description of VXD 
geometry (M. Peccarisi had to quit)

� Add variable weigth in ILCGenReaderMARSILCGenReaderMARS

About
3 weeks

Major effort
(~2 months)

�� Implement VXD with two different technologies with fully Implement VXD with two different technologies with fully 

depleted silicon (and an optional variant):depleted silicon (and an optional variant):

1.1. 10 10 µµm active for MAPS on 50 micron inactive basem active for MAPS on 50 micron inactive base

2.2. 50 50 µµm for 3D m for 3D -- all activeall active

3.3. Variant with double layers separated by D mm (D=100Variant with double layers separated by D mm (D=100µµm, 1 m, 1 

mm) (optional)mm) (optional)

�� DefineDefine a a finalfinal calorimetercalorimeter forfor PhasePhase III (DetIII (Det--V3)V3)
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ConclusionsConclusions
� Work on ILCroot suspend for the moment

�� NeedNeed toto establishestablish anan officialofficial activityactivity forfor TFSG  on TFSG  on MuonMuon collidercollider

�� DetectorDetector--wisewise, , needsneeds aboutabout 2 2 monthsmonths toto complete complete PhasePhase II

�� NonethelessNonetheless, status , status ofof ILCrootILCroot forfor MuonMuon Collider Collider studiesstudies isis veryvery

advancedadvanced

�� AboutAbout 88--10 10 nonnon--FermilabFermilab people people interestedinterested in in joiningjoining the the studiesstudies (Italy, (Italy, 

Russia, etc.)Russia, etc.)

�� LargeLarge efforteffort byby Giorgio Giorgio BellettiniBellettini toto getget INFN INFN officiallyofficially involvedinvolved
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Backup Backup slidesslides
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EffectEffect ofof ShieldingShielding on on PhysicsPhysics: : WWWWνννν
33° 33°

Resolution of track
parameters

vs θθθθ

F. IgnatovWWnunu
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BeamBeam Background Background SpectrumSpectrum in MARS (in MARS (beforebefore shieldshield))

Alexakhin
Di Benedetto

High energy
background

Also high energy, 
but no harm to the 

VXD

electrons
positrons

gamma
muons
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BeamBeam Background Background SpectrumSpectrum in MARS (in MARS (beforebefore shieldshield))

Alexakhin
Di Benedetto

Low energy

pions neutrons

protons
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PrePre--cutscuts in in ILCGenReaderMARSILCGenReaderMARS
VisibleVisible Energy vs Energy vs EEbkgbkg (1.9x10(1.9x1099 --> 4.3 x10> 4.3 x1066))

electrons

Visible
Energy

pions

Visible
Energy

neutrons

Visible
Energy

protons
+

kaons

Visible
Energy

Visible
Energy

gamma

Visible
Energy

positrons

Alexakhin
Di Benedetto

E>250 GeV

E>250 GeV

E>250 GeV E>1.7 GeVE>8 GeV

E>5.5 GeV

Major
contributor
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BeamBeam Pipe and VXD layout Pipe and VXD layout 

ILCRoot simulation

D. Barbareschi 
M. Rucco
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EventEvent Display in Display in ILCrootILCroot
TrackingTracking SystemsSystems

e+e- -> 10 
muons

ECM = 3 TeV
in Tracking

System
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Number of fibers inside each cell: ~1600

equally subdivided between Scintillating and 

Cerenkov

Fiber stepping ~2 mm

Cell length: 150 cm

Each tower works as two independent towers in the same 

volume 

HadronicHadronic Calorimeter CellsCalorimeter Cells
Bottom view of single cell Top cell size:~ 8.1 × 8.1 cm2

Bottom cell size: ~ 4.4 × 4.4 cm2

Prospective

view of

clipped cell

1 mm diameter

Plastic/Quartz fibers

Aperture Number=0.50

(C fibers)

Same
absorber/fiber

ratio as DREAM


