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ADRIANOADRIANO : : 
AA DDual ual RReadout eadout IIntegrally ntegrally AActive ctive 

NNonon--segmented segmented OOption ption 
for for FutureFuture Colliders Colliders 

Corrado Corrado Gatto Gatto 

INFNINFN

TWICE CollaborationTWICE Collaboration
On On behalfbehalf ofof ::
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DualDual ReadoutReadout CalorimetryCalorimetry
i.e.: two distinct calorimeters sharing the same

absorber

( ) ( )
SC

SCCCSS
HCAL

EE
E

hh
hhhh

-
-××--××

=
11

( )

( )
�
�

�

�
�

�

�

×�
�

�
�
	


 -
+=

×�
�

�
�
	


 -
+=

HCAL
C

C

HCAL
S

S

E
fem

femE

E
fem

femE

h

h

1

1

�
�
�

�




�
�
�

�

�
== �

�



�
�
�

�
�



�
�
�

h
e

h
e

C

C

s

S hh ;

femis:
1. 1) Energy dependent ->  the calorimeter is non linear
2. 2) Fluctuating event-by-event -> the energy resolutionis non gaussian ifhs�� hc

If hs�� hc then the system can be solved for EHCAL

We are measuringfemevent-by-event
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THE THE OLDOLD APPROACHAPPROACH

SamplingSampling DualDual--readout readout (DREAM and 4(DREAM and 4thth Concept)Concept)

After 4 years of simulations and studies with ILCroo t we have leAfter 4 years of simulations and studies with ILCroo t we have le arnt arnt 
that Sampling Dualthat Sampling Dual --readout (i.e. with readout (i.e. with PASSIVEPASSIVE absorber) has:absorber) has:

�� ProsPros

� First working example of dual-readout calorimeter

� Scintillation and Cerenkov light are produced in distinct and optically separated volumes

� Simulations confirm test beam data (more or less) and improvement in energy resolution

� Cheap to build (brass and plastic fibers)

�� ConsCons

� Sampling is far too coarse shower generated by EM particles

� Cerenkov light in fibers is very dim (8 pe/Gev)

� Large unbalance between Scintillation signal (200 pe/Gev) vs Cerenkov (7 pe/GeV)

� Too many fibers to be routed to FEE to apply this technique in 4p calorimeters
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Cons N. 1:Cons N. 1: Sampling is far coarse for shower Sampling is far coarse for shower 

generated by generated by EMEM particlesparticles
�� CalorimeterCalorimeter samplingsampling frequencyfrequency mustmust bebe comparedcompared toto absorptionabsorption lengthlength ofof

bulk bulk ofof the the particlesparticles composingcomposing the the showershower ((notnot XXoo nornor ll II): ): i.e 1i.e 1 mm mm forfor ee--

((typical shower particle in typical shower particle in emem showers is a 1 showers is a 1 MeVMeV electronelectron))

Consequences: large signal fluctuations depending o n impact Consequences: large signal fluctuations depending o n impact 

point of impinging electron point of impinging electron 

40 Gev electrons
Simulated in 

ILCroot

See R. Wigmans
book

�� Cerenkov and Scintillating signal produced by eCerenkov and Scintillating signal produced by e-- @ 45 GeV beam in 4th @ 45 GeV beam in 4th 

Calorimeter (1mm pitch between fibers) as function of eCalorimeter (1mm pitch between fibers) as function of e-- impact pointimpact point
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Cons N. 1 (contCons N. 1 (cont’’d)d)

• Very poor EM energy resolution.  Hadronic sampling
calorimeters require a front, EM section

Effects on energy resolution:Effects on energy resolution:

�� energy resolutionenergy resolution curve curve for electrons infor electrons in 4th 4th ConceptConcept the hadronicthe hadronic calorimetercalorimeter

In real life this is a bad idea as:
1. More complex calibration
2. Introduce extra fluctuations with hadronic showers

Single electrons

No instrumental effects 
Included in this 

simulation

%1.1/%24/ 5.0 Å= EEEs

ILCRoot simulation
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Cons N. 2 & 3: Cerenkov light in Cons N. 2 & 3: Cerenkov light in 

fibers is very dimfibers is very dim

Scintillation
200 pe/GeV

Cerenkov
7.5 pe/GeV

4th Concept Calorimeter 40 Gev pions

ILCRoot simulation

�� Cerenkov and Scintillating signal produced by Cerenkov and Scintillating signal produced by pp-- @ 40 GeV beam in 4th @ 40 GeV beam in 4th 

Calorimeter (1mm pitch between fibers) including FEE effectsCalorimeter (1mm pitch between fibers) including FEE effects

Consequences: large unbalance between scintillation  and Consequences: large unbalance between scintillation  and 

Cerenkov signalsCerenkov signals
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Cons N.4: Too many fibers for a 4Cons N.4: Too many fibers for a 4pp calorimetercalorimeter

�� Define Define GG =(total area of photodetector/total external calorimeter area).=(total area of photodetector/total external calorimeter area).

�� GG takes into account:takes into account:

�� The needed photodetector area to read circular fibers with optimThe needed photodetector area to read circular fibers with optimum packingum packing

�� Th crowdiness of your FEETh crowdiness of your FEE

�� At present:At present:

�� GGDREAMDREAM = = ~~24%. 24%. GG4th Concept 4th Concept = = ~~ 21%. 21%. 

�� This issue is honestly recognized by DREAM Collaboration: This issue is honestly recognized by DREAM Collaboration: 

�� Goal is Goal is GG < 10%< 10%

Very largeVery large

“…The grouping of the
fibers was labor intensive and required the fibers to extend about 50 cm beyond the end of the
calorimeter. While this worked very well in the beam tests, it probably would not scale well
with the lateral size of the calorimeter….”

Excerpt from:
R.Wigmans, et al., Dual-Readout Calorimetry for the ILC -
A University Program of Accelerator and Detector Research for the
International Linear Collider (vol. III) FY 2005 - FY 2007
Available at: http://www.hep.uiuc.edu/LCRD/LCRD\_UCLC\_proposal
\_FY05/6\_16\_Wigmans\_LCRD1.pdf
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Largest advantage of sampling DualLargest advantage of sampling Dual--readout:readout:

DistinctDistinct vs vs homogeneoushomogeneous activeactive regionsregions
�� DREAM test DREAM test beambeam:: compare compare separationseparation effeciencyeffeciency in 2 separate in 2 separate 

media vs 1 media vs 1 homogeneoushomogeneous crystalcrystal

�� 2 2 metodologiesmetodologies ofof extractingextracting SS and and CC signals fromsignals from a a crystalcrystal

From: http://www.pv.infn.it/~franchino/CAL_III_4_Franchino.pdf 

With sampling With sampling 

techniques techniques 

S & C signals very S & C signals very 

well separatedwell separated

With homogeneous With homogeneous 

techniques  techniques  

S & C signals S & C signals 

marginally marginally 

separatedseparated
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Merging the advantages of sampling Merging the advantages of sampling 

and total active techniquesand total active techniques

ADRIANOADRIANO technique: i.e. embedd technique: i.e. embedd 

scintillating fibers into heavy glassscintillating fibers into heavy glass

�� Active Cerenkov component is Optical Active Cerenkov component is Optical 

Heavy GlassHeavy Glass

�� It functions as an It functions as an activeactive absorberabsorber

�� No scintillation light No scintillation light 

�� Lots of Cerenkov photons thanks to Lots of Cerenkov photons thanks to nnII=1.85=1.85

�� Scintillating component are scintillating Scintillating component are scintillating 
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ADRIANOADRIANO : : AA DDualual--RReadout eadout IIntegrally ntegrally 

AActive ctive NNonon--segmented segmented OOptionption

�� CellsCells dimensionsdimensions:: 4x4x180 cm4x4x180 cm33

�� AbsorberAbsorber and and CerenkovCerenkov radiatorradiator::
SF57HHTSF57HHT

�� CerenkovCerenkov light light collectioncollection:: 8 BCF92 8 BCF92 
fiberfiber//cellcell

�� ScintillationScintillation regionregion:: SCSF81J SCSF81J fibersfibers, , 
dia. 1mm, dia. 1mm, pitchpitch 4mm (total 100/4mm (total 100/cellcell) ) 
inside 100inside 100mmm m thinthin steel steel capillarycapillary

�� ParticleParticle IDID:: 4 BCF92 4 BCF92 fiberfiber//cellcell ((blackblack
paintedpainted exceptexcept forfor foremostforemost 20 cm) 20 cm) 

�� ReadoutReadout:: frontfront and back and back SiPMSiPM

�� COG COG zz--measurementmeasurement:: light light divisiondivision
appliedapplied toto SCSF81J SCSF81J fibersfibers

• Fully modular structure
• 2-D with longitudinal shower COG via
Light division techniques
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R&DR&D on on opticaloptical glassglass meltingmelting
Before termal cycle

After termal cycle

Melting furnace in air

Melting furnace in vacuum

All tests performed
with F2 glass
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SEM/XRD SEM/XRD analysisanalysis ofof glass samplesglass samples
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Series1

Series2

Air bubbles

XRD spectrum

Perfect sample 
(same as original)
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TitaniumTitanium cruciblescrucibles
�� Design Design at INFNat INFN--LELE

�� PassivationPassivation & & sputteringsputtering with Ptwith Pt
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CeramicCeramic materialsmaterials Lab (U. Salento)Lab (U. Salento)
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NanostructureNanostructure PhysicsPhysics LabLab



IWL2010 IWL2010 -- 20 October 201020 October 2010 C. Gatto C. Gatto -- INFNINFN 1616

HeavyHeavy glassesglasses vs vs crystalscrystals

forfor DualDual--readoutreadout calorimetrycalorimetry

variesvariesMedium (Medium (recoverablerecoverable via UV via UV annealingannealing))RadiationRadiation hardnesshardness

Up Up toto 88--9 gr/cm9 gr/cm335.5 gr/cm5.5 gr/cm33DensityDensity

1010--100 EUR/ cm100 EUR/ cm330.8 EUR/cm0.8 EUR/cm33CostCost

2020--30 cm 30 cm maxmaxUp Up toto 2m2mLongitudinal SizeLongitudinal Size

VeryVery poorpoorVeryVery goodgood ifif opticaloptical transmittancetransmittance isis OKOKStabilityStability vs vs puritypurity

PoorPoorExcellentExcellentStabilityStability vs vs ambientalambiental ((TempTemp , , 

humidityhumidity , , etcetc ))

CerenkovCerenkov + + scintillationscintillationOnlyOnly CerenkovCerenkov (minor (minor fluorescencefluorescence withwith

some SF some SF glassesglasses))

Light production Light production mechanismmechanism

CrystalsCrystalsGlassGlass
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Reading Heavy Glass light using Reading Heavy Glass light using 
WLSWLS FibersFibers: : Desy techniqueDesy technique
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R. Dollan
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Perfomance Perfomance StudiesStudies in in 

ILCroot withILCroot with ADRIANOADRIANO

techniquestechniques

V. Di BenedettoV. Di Benedetto

C. GattoC. Gatto

A. A. MazzacaneMazzacane
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ADRIANOADRIANO simulationssimulations in in ILCrootILCroot

� ADRIANO is a melting pot of well established
experimental methodologies

� All algorithms are implemented parametrically

� Use known experimental setups to normalize the 
overall results:

� DREAM for scintillating light production (fiber
calorimeter is OK, BGO+fibers not quite there)

� CHORUS for instrumental effects with sci-fibers

� R. Dollan Work for WLS light collection with SF57
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Photon yield:Photon yield:

SamplingSampling vs vs integrallyintegrally activeactive

Scintillation
200 pe/GeV

Scintillation
>255 pe/GeV

Cerenkov
7.5 pe/GeV

Cerenkov
360 pe/GeV

4th Concept Calorimeter ADRIANO Calorimeter

40 Gev pionsILCRoot simulation
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Photon yield:Photon yield:

ADRIANOADRIANO vs 4th vs 4th ConceptConcept

LightLight Yield for different Fiber pitch and DiameterYield for different Fiber pitch and Diameter

7.57.5350350350350355355355355355355360360360360340340<pe<peCerenkCerenk/GeV/GeV

>>

20020025025011011050050012412416316325425443043010531053<pe<peScintScint/GeV/GeV>>

4th 4th ConceptConcept4x44x4

ThickThick capillarycapillary

4x44x4

2mm2mm

4x44x4

1.4mm1.4mm

6x66x6

1mm1mm

5x55x5

1mm1mm

4x44x4

1mm1mm

3x33x3

1mm1mm

2x22x2

1mm1mm

PitchPitch [mm[mm22]]

DiameterDiameter

ILCRoot simulation

Integrally Active with Double side readout (ADRIANO)            Sampling

Baseline
configuration

1-side
readout

%��$�
��	��$����

	$��	$	��	��$��$�����
	�	����$&'
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ADRIANO ADRIANO Hadronic Resolution Hadronic Resolution 

for various fiber sizesfor various fiber sizes

%5.1/%23/ Å= EEEs

Comparing different fiber pitches: 2mmx2mm through 6mmx6mm

Baseline
configuration

ILCRoot simulation %2/%33/ Å= EEEs

Pion beams
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ADRIANO ADRIANO Hadronic Resolution Hadronic Resolution 

for various fiber pitchfor various fiber pitch

%2/%26/ Å= EEEs

Comparing different fiber diameter: 1mm – 1.4mm – 2 mm

Baseline
configuration

ILCRoot simulation %2/%33/ Å= EEEs

Pion beams
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FromFrom DualDual toto Triple Triple ReadoutReadout
Disentangling the effect of neutrons from shape of the waveform

( ) ( )
neutronsn

SC

SCCCSS
HCAL E

EE
E ×+

-
-××--××

= h
hh

hhhh 11

���������	
��	������
�������

Neutron contribution

ILCRoot simulation

Triple readout aka Dual Readout with time history readout

Time history of the scintillation signal 
in an ADRIANO module for p-@40 
GeV. 

The contribution after 35 ns is from 
neutrons only. The distribution has 
been fitted with a triple exponential 
function

40 Gev pions
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ADRIANO in Triple ADRIANO in Triple readoutreadout configurationconfiguration

%6.0/%20/ Å= EEEs

Baseline
configuration

ILCRoot simulation

Comparing different fiber pitch: 2mmx2mm through 6mmx6mm

%1/%28/ Å= EEEs

Pion beams
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ADRIANO in Triple ADRIANO in Triple readoutreadout configurationconfiguration

%1/%24/ Å= EEEs
Baseline

configuration

ILCRoot simulation

Comparing different fiber diameters: 1mm – 1.4mm – 2 mm

%1/%28/ Å= EEEs

Pion beams
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Overcoming the Limitations of a Overcoming the Limitations of a 

22--D CalorimeterD Calorimeter
�� ADRIANOADRIANO is a 2is a 2 --DD calorimetercalorimeter

�� EasierEasier toto buildbuild and and toto calibratecalibrate

�� Fewer number of channelsFewer number of channels

�� No No cracks nor unhomogeneities due to cracks nor unhomogeneities due to 

longitudinal segmentationlongitudinal segmentation

�� However, in principle, it missesHowever, in principle, it misses the the ability to ability to 

determine the longitudinaldetermine the longitudinal showershower profileprofile
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AddingAdding the 3the 3rdrd DimensionDimension infoinfo

withwith light light divisiondivision methodsmethods
� Determine Center of Gravity of showers by ratio of front vs back scintillation light

�� ItIt worksworks becausebecause ll 81J81J = 3.5 = 3.5 m m 

� Similar to charge division methods in drift chambers with resistive wires

�� A technique alreadyA technique already adoptedadopted byby UA1 and ZEUSSUA1 and ZEUSS

We included in ILCroot 
instrumental effects:

• SiPM with ENF=1.016

• Fiber non-uniformity
response = 0.6% (scaled
from CHORUS)

• Threashold = 3 pe (SiPM
dark current < 50 kHz)

• ADC with 14 bits

• Constant 1 pe noise.

100 Gev pions

ILCRoot simulation

Front-Back Scintillation light vs true shower CoG

�������� � �
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CoG resolution for hadronic particles in CoG resolution for hadronic particles in 

ADRIANO module with Light Division MethodsADRIANO module with Light Division Methods

•Module length: 180 cm
•Fiber type: Kuraray 
SCSF81J
•Fiber pitch:4mmx4mm
•Fiber Diameter: 1 mm

INCLUDES 
SIMULATION OF 
INSTRUMENTAL 

EFFECTS

ILCRoot simulation

cmEcmz 4.0/30 Å=s

Pion beams
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Leakage inLeakage in 180 cm long180 cm long ADRIANOADRIANO modulemodule
Uncorrected scintillating signal Uncorrected Cerenkov signal

leakage

100 Gev pionsILCRoot simulation

leakage
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ApplyingApplying leakageleakage corrections from corrections from 

CoG measured with a light divisionCoG measured with a light division
Uncorrected scintillating signal Corrected scintillating signal

overcorrection

i
i zzf -�= a)(

:usingfit leakag
e

100 Gev pionsILCRoot simulation

overcorrection
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Using Using ADRIANOADRIANO to Detect EM particlesto Detect EM particles

� Heavy (lead) glass is a well established material fo r usage with
omohgeneous (i.e. total active) EM calorimetry

� Sampling techniques with EM showers provide poorer 
performance (see slide n. 4)

� Once a shower is identified as of EM kind, ADRIANO can be 
used as a traditional EM calorimeter

� We introduce Q 20 fibers into ADRIANO cells to disentangle EM 
from hadronic showers

� Q20 fibers are WLS fiber black painted except for the for emost 
20 cm. They collect light only from the front part of  the glass

� This techique is already used succesfully by CMS
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Identifying EMIdentifying EM ShowersShowers in in ADRIANOADRIANO

�� UseUse QQ2020 fibers andfibers and (S(S--Q)/(Q)/(S+QS+Q) ) toto disentangledisentangle EM EM particlesparticles from hadronsfrom hadrons

�� UseUse EECerenkovCerenkov fromfrom heavyheavy glassglass ONLYONLY forfor EM EM showersshowers

Q20>0.51

pions pionselectrons

electrons

Pion
contamination:

3% 

Electron 
efficiency:

99.0% 

ILCRoot simulation

Q20<0.155
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ADRIANO EM ADRIANO EM ResolutionResolution

((withwith and and withoutwithout instrumentalinstrumental effectseffects))
�� Compare standard Compare standard DualDual--readoutreadout methodmethod vs vs CerenkovCerenkov signalsignal onlyonly ((afterafter electronelectron--ID)ID)

�� Blue curve includes instrumental effects. Red curve is for perfeBlue curve includes instrumental effects. Red curve is for perfect readoutct readout

ILCRoot simulation

Dual-readout (scintillating+Cerenkov)

%4/%19/ Å= EEEs
Different capillary

thickness

Blue curve includes

• SiPM’s ENF
• Constant

noise
• Fiber non-

uniformity
• 14 bit ADC
• 3pe 

threshold

Use only Cerenkov light

%4.0/%5/ Å= EEEs

�� Using Cerenkov signal only for EM showers gives Using Cerenkov signal only for EM showers gives 5%/5%/ÖÖÖÖÖÖÖÖEE energy resolution energy resolution 

while full fledged dualwhile full fledged dual--readout gives only readout gives only 19%/19%/ÖÖÖÖÖÖÖÖEE (including FEE effects)(including FEE effects)

ADRIANO does not need a front EM section
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ADRIANOADRIANO calorimetrycalorimetry inin TWICE CollaborationTWICE Collaboration
�� TWICE collaboration has been recently formedTWICE collaboration has been recently formed

�� It exploit new techniques based on heavy glass (no sampling It exploit new techniques based on heavy glass (no sampling calorimetrycalorimetry nor crystals)nor crystals)

�� It covers R&D on a broad range of aspects related to high perforIt covers R&D on a broad range of aspects related to high performance hadronic and mance hadronic and 
EM calorimetry :EM calorimetry :

�� Production and characterization of large area SiPMProduction and characterization of large area SiPM

�� Custom FEECustom FEE

�� Construction and tests of calorimeter prototypeConstruction and tests of calorimeter prototype

�� Liquid scintillatorLiquid scintillator

�� Total active multipleTotal active multiple--readout calorimetryreadout calorimetry

�� Scintillating heavy glass for dualScintillating heavy glass for dual--readout homogeneous calorimetryreadout homogeneous calorimetry

�� ADRIANOADRIANO calorimetrycalorimetry

�� It gathers 6 INFN institutions + University of Szeged (Hungary),It gathers 6 INFN institutions + University of Szeged (Hungary), 25 Physicist & 25 Physicist & 
Engineers + technical supportEngineers + technical support

�� Material science and Ceramic Engineering groups are also particiMaterial science and Ceramic Engineering groups are also participating pating 

�� It has been recently approved and funded by INFN for the next 3 It has been recently approved and funded by INFN for the next 3 years, including a years, including a 
test beam at FNALtest beam at FNAL

�� At present is looking for International CollaboratorsAt present is looking for International Collaborators
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ConclusionsConclusions
�� The new The new ADRIANOADRIANO dualdual--readout technique has been presentedreadout technique has been presented

�� Full simulations and studies are well advancedFull simulations and studies are well advanced

�� Results from current studies are very encouragingResults from current studies are very encouraging

�� Preliminary R&D is in progress within TWICE collaborationPreliminary R&D is in progress within TWICE collaboration

�� Correctly matching calorimetric techniques with SiPM and FFE is Correctly matching calorimetric techniques with SiPM and FFE is 
crucial for the successcrucial for the success

�� The newly formed TWICEThe newly formed TWICE CollaborationCollaboration willwill address these issues and address these issues and 
exploitexploit newnew techniquestechniques basedbased on on heavyheavy glassglassNextNext twotwo--threethree yearsyears are are 
ofof paramountparamount importanceimportance toto master the technology and validate the master the technology and validate the 
simulationssimulations

�� We are currently looking for collaboration with other  groups anWe are currently looking for collaboration with other  groups and d 
institutionsinstitutions
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Backup Backup SlidesSlides
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The major source The major source ofof fluctuationsfluctuations: : femfem

p±,p,n e±,po,g,h

total

40 Gev pions

Scintillating signal from ADRIANO calorimeter

ILCRoot simulation
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The major source The major source ofof fluctuationsfluctuations: : femfem

p±,p,n e±,po,g,h

total

fem fluctuations

40 Gev pions

Scintillating signal from ADRIANO calorimeter

ILCRoot simulation
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The major source The major source ofof fluctuationsfluctuations: : femfem

p±,p,n e±,po,g,h

total

hhhh=e/h� 1

fem fluctuations

40 Gev pions

Scintillating signal from ADRIANO calorimeter

ILCRoot simulation
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NeutronNeutron fluctuationsfluctuations �	����� � �
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CalibrationCalibration àà la DREAMla DREAM

�� EESS and Eand ECC forfor electron electron beambeam isis equivalentequivalent toto pionpion beambeam
whenwhen femfem=1=1

�� FinalFinal calibrationcalibration withwith pionspions::

minimizeminimize

cc22((EEHCALHCAL––EEbeambeam))

( )

( )
�
�

�

�
�

�

�

×�
�

�
�
	


 -
+=

×�
�

�
�
	


 -
+=

HCAL
C

C

HCAL
S

S

E
fem

femE

E
fem

femE

h

h

1

1

�
�

�
�

�

=

=

HCALC

HCALS

EE

EE

for electrons

electrons
pions

Step 1

Step 2

( ) ( )
SC

SCCCSS
HCAL

EE
E

hh
hhhh

-
-××--××

=
11

ILCRoot simulation
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CalibrationCalibration àà la TWICEla TWICE
�� Take Take advantageadvantage ofof the the factfact thatthat hhSS and and hhCC are are energyenergy

independentindependent

�� UseUse a sample a sample ofof nn pionspions ofof ANYANY knownknown energyenergy

�� ForFor the the ii--thth pionpion rewriterewrite the the dualdual readoutreadout equationequation asas::

�� ThenThen, , fromfrom LR LR analysisanalysis

ILCRoot simulation
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ScintillatingScintillating glassesglasses

�� UnchartedUncharted territoryterritory: : needneed full full R&DR&D

�� LabLab. . CeramicCeramic MaterialsMaterials (Ingegneria (Ingegneria 

delldell’’Innovazione) & Innovazione) & SALENTECSALENTEC havehave the the 

expertiseexpertise

�� TwoTwo techniquestechniques beingbeing consideredconsidered::

�� Rare Rare earthsearths doping via soldoping via sol--gel gel polymerizationpolymerization

�� MeltingMelting ofof nanonano--cristalscristals in in amorphousamorphous background background 

(take (take advantageadvantage ofof differentdifferent meltingmelting pointspoints))
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SiPMSiPM byby FBKFBK
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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


