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OutlineOutline

►► MotivationMotivation
►► Experimental measurementsExperimental measurements

Experimental setupExperimental setup
Coordinate determinationCoordinate determination
Results for LHCb and Results for LHCb and preCBMpreCBM prototype modulesprototype modules
►►muons and electronsmuons and electrons

Light yieldLight yield
►► MC modelingMC modeling

Thickness variation Thickness variation 
Ray tracerRay tracer
GEANT simulationGEANT simulation

►► Comparison with dataComparison with data
►► Simple predictions for current CBM calorimeterSimple predictions for current CBM calorimeter



““ShashlikShashlik” technology” technology

►► FastFast
2525--30ns trigger signal30ns trigger signal
TOF measurementsTOF measurements
►►120 120 psps e/e/γγ
►►300 300 psps hadronshadrons

►► Radiation hardnessRadiation hardness
2MRad leads to 1.5% 2MRad leads to 1.5% 
constant term increaseconstant term increase

►► Easy segmentationEasy segmentation
longitudinallongitudinal
transversetransverse

►► Cheap

7%

RD36 data

►► Energy resolutionEnergy resolution
typical ~8%/sqrt(E)typical ~8%/sqrt(E)
constant term!constant term!

Cheap



Methods to improveMethods to improve

►► Sampling termSampling term
decrease thickness of absorberdecrease thickness of absorber
►► increase increase scintillatorscintillator mass rationmass ration

increase increase MoliereMoliere radiusradius
►► more shower overlapsmore shower overlaps

►► decrease decrease scintillatorscintillator tiles tiles 
thicknessthickness

photostatisticsphotostatistics

►► Constant termConstant term
increase thickness of increase thickness of scintillatorscintillator
tilestiles
technologytechnology
►► die mold price ~die mold price ~77k $k $
►► model of light collection in model of light collection in 

calorimeter

►► CBM caseCBM case
Large backgroundLarge background
Minimize Minimize MoliereMoliere radiusradius
►► less overlapping showersless overlapping showers

Keep resolution as good as Keep resolution as good as 
possiblepossible
►► better S/Bbetter S/B

Studies supported byStudies supported by
INTAS 03INTAS 03--5454--62726272
INTAS 06INTAS 06--10000121000012--89148914
INTAS 05INTAS 05--111111--52575257
RosAtomRosAtomcalorimeter



Experimental setupExperimental setup

Beam plug Calorimeter

25.111m 10.97m 2.935

new chamber

old chambers

Beam
e, µ

LED1

LED2

PIN

LED monitoring 
system scheme

Calorimeter assembly
8 modules (12x12cm2x1) for leakage control

testing module



Coordinate determinationCoordinate determination

►► Standard calibration Standard calibration 
procedureprocedure

Charge injection in Charge injection in 
certain points of the certain points of the 
chamberchamber
►►Delay wire Delay wire 

chambers. A users chambers. A users 
guide. guide. J.SpanggaardJ.Spanggaard..

Shifts and scales Shifts and scales 
can be correctedcan be corrected
QualityQuality

►► 33--rd chamberrd chamber
track fittingtrack fitting
►►bad track rejectingbad track rejecting



Coordinate determinationCoordinate determination

►► Modify coefficientsModify coefficients
residualsresiduals
►►keep 0 averagekeep 0 average
►►narrownarrow

►► Cut Cut χχ22<4<4
denominator from denominator from 
““Delay wire Delay wire 
chambers...chambers...”” by by 
J.SpanggaardJ.Spanggaard..



Coordinate determinationCoordinate determination



Muons. ProcedureMuons. Procedure

►► energy only in central energy only in central 
cellcell

►► 1x1 mm1x1 mm22 regionsregions
►► fit with Landau fit with Landau 

distributiondistribution
first fit to estimate first fit to estimate 
ranges ranges 
second fit withsecond fit with
►► f(xf(xstartstart)=0.4*Max)=0.4*Max
►► f(xf(xendend)=0.05*Max)=0.05*Max

no Landau Gauss no Landau Gauss 
convolutionconvolution
►►much more statisticsmuch more statistics



Results. Results. MounsMouns. LHCb. LHCb

►► Geometry:Geometry:
40x40mm cells40x40mm cells
16 fibers16 fibers
67x4mm 67x4mm scintillatorscintillator layerslayers
66x2mm lead layers 66x2mm lead layers 

►► Light mixer!Light mixer!



Results. Muons. Results. Muons. preCBMpreCBM

►► Geometry:Geometry:
40x40 mm cells40x40 mm cells
16 fibers16 fibers
280x0.5 mm lead 280x0.5 mm lead 
layerslayers
280x0.5 mm 280x0.5 mm 
scintillatorscintillator layerslayers
►►extremeextreme
►► for MC tuningfor MC tuning



Electrons. procedureElectrons. procedure

►► Collect energy in Collect energy in 
3x3+4 cells3x3+4 cells

wide signals with if wide signals with if 
other 4 cells includedother 4 cells included

►► 1x1 mm2 regions1x1 mm2 regions
►► Iterative fit procedureIterative fit procedure

[[--1.21.2δδ, +2, +2δδ] region] region



50 50 GeVGeV electrons. LHCb. Resultselectrons. LHCb. Results
No electrons measurements 
for the preCBM prototype!

7%

RD36

►► Geometry:Geometry:
67x4mm 67x4mm scintillatorscintillator
layerslayers
66x2mm lead layers66x2mm lead layers

►► Different module!Different module!



Light yield measurementsLight yield measurements

►► ProcedureProcedure
measure LED signal amplitude and width by PMTmeasure LED signal amplitude and width by PMT
►►monitoring system!monitoring system!

Number of photoelectrons=AmplitudeNumber of photoelectrons=AmplitudeLEDLED/(Width/(WidthLEDLED))22

►►Poisson statisticsPoisson statistics
►►Other factors Other factors --> wider signal> wider signal

underestimated number of                                        underestimated number of                                        
photoelectonsphotoelectons
width of pedestals subtractedwidth of pedestals subtracted
different LED amplitudesdifferent LED amplitudes

CalibrationCalibration
►►ADC count ADC count --> > GeV

LED1

LED2
LED monitoring 
system scheme

PIN

GeV



Light yield measurementsLight yield measurements

GeometryGeometry ScintillatorScintillator/Lead /Lead 
volume ratiovolume ratio

40x40x4mm40x40x4mm33

fiber per 1x1cmfiber per 1x1cm22
2:12:1

2:12:1

2:12:1

1:11:1

60x60x4mm60x60x4mm33

fiber per 1x1cmfiber per 1x1cm22

120x120x4mm120x120x4mm33

fiber per 1.5x1.5cmfiber per 1.5x1.5cm22

40x40x0.5mm40x40x0.5mm33

fiber per 1x1cmfiber per 1x1cm22

TestbeamTestbeam Cosmic Cosmic 
setupsetup

SmallSmall 30003000 31003100

MiddleMiddle 42004200 35003500

LargeLarge 25002500 26002600

preCBMpreCBM 700700 --



MC modelingMC modeling

►►Signal Signal nonuniformitynonuniformity
ScintillatorScintillator tile thickness variationstile thickness variations
►►Measured directlyMeasured directly

Light collection Light collection nonuniformitynonuniformity
►►Special ray tracer programSpecial ray tracer program

Convolution with particle energy depositionConvolution with particle energy deposition
“natural” smearing“natural” smearing
energy deposition energy deposition nonuniformitynonuniformity

►►GEANTGEANT



Thickness variationsThickness variations

►► Direct measurements with micrometerDirect measurements with micrometer
►► ~250 measured points per tile~250 measured points per tile
►► SplineSpline extrapolationextrapolation



Thickness measurementsThickness measurements

“Bad” tiles

“Good” tiles



Thickness measurementsThickness measurements
“Bad” tile Example of “good” tile

Traces on the surface are different for “good” and “bad” tiles!



Thickness measurements. ResultsThickness measurements. Results

Scale!



Ray tracer program. RequirementsRay tracer program. Requirements

►►Quite complex geometryQuite complex geometry
Boolean shapesBoolean shapes

►►Large statisticsLarge statistics
101077 photons per measurementphotons per measurement
►►1% precision1% precision
►►~3% light collection and transport efficiency~3% light collection and transport efficiency

200eV for 200eV for scintillatorscintillator photonphoton
10% of energy deposition visible10% of energy deposition visible
20% photon to electron conversion probability in PMT20% photon to electron conversion probability in PMT
►►101055 photons per GeV without light transport and photons per GeV without light transport and 

collectioncollection
~3000/GeV photoelectrons in PMT

CPU: CPU: 
ITEP batch farmITEP batch farm
GSI batch farmGSI batch farm
GRIDGRID
5x105x1044hx2.4 GHz spenthx2.4 GHz spent
1x101x1044 jobsjobs

~3000/GeV photoelectrons in PMT



Ray tracer programRay tracer program

►► OpticsOptics
refractionrefraction
►►Fresnel formulasFresnel formulas

reflectionreflection
►►mirrormirror
►►diffusediffuse

attenuationattenuation
►► in mediumin medium
►►on surfaceon surface

all processes could all processes could 
depend on wavelength

►► GeometryGeometry
Geometrical primitivesGeometrical primitives
►► cylindercylinder
►►boxbox

Boolean operationsBoolean operations
VoxelizalitonVoxelizaliton
►► for speedupfor speedup

depend on wavelength



VoxelizationVoxelization. Surface quality. Surface quality

►► Idea: small regions Idea: small regions 
(0.5x0.5mm(0.5x0.5mm22))

list of excluded objectslist of excluded objects
sorted by distance list of sorted by distance list of 
objectsobjects
►► remove objects with remove objects with 

distance larger then founddistance larger then found
classical trade classical trade 
CPU/memoryCPU/memory

►► 2 materials2 materials
plasticplastic
►► fully transparentfully transparent

tyvektyvek
►► 40% diffuse reflection40% diffuse reflection
►► 60% black60% black

tyvek(surfacetyvek(surface
quality)+plastic(1quality)+plastic(1--surface surface 
quality)quality)



White paintWhite paint

►► Edges and edgingEdges and edging
edging width require edging width require 
fine tuningfine tuning
no mirror reflection or no mirror reflection or 
transparencytransparency
scaling coefficient scaling coefficient 
introducedintroduced
►►one of the main one of the main 

parametersparameters



ProcedureProcedure

►► 0.5x0.5mm0.5x0.5mm22 regionsregions
►► Photons generated Photons generated 

uniformlyuniformly
also on Z axisalso on Z axis
isotropicisotropic

►► Transported till Transported till 
photon absorptionphoton absorption

►► Reemission in fiberReemission in fiber
isotropicisotropic
check angles check angles 
(transport to PMT)(transport to PMT)



Example of ray tracer testExample of ray tracer test

►► Edge effect in light Edge effect in light 
collectioncollection

dead material dead material 
between tilesbetween tiles
not trivialnot trivial
LHCbLHCb technologytechnology



Ray tracing. ResultsRay tracing. Results

Whiteness 1.02 Whiteness 1.08

preCBM prototype: 0.5mm thickness, no edging, surface quality 0.06



Ray tracing. Comparison with light Ray tracing. Comparison with light 
yieldyield

►► Generate photons Generate photons 
uniformly inside tile uniformly inside tile 
volumevolume

►► Take small LHCb tiles Take small LHCb tiles 
for normalization

TestbeamTestbeam Cosmic Cosmic 
setupsetup MCMC

SmallSmall 30003000 31003100 30003000

MiddleMiddle 42004200 35003500 36003600

LargeLarge 25002500 26002600 25702570

preCBMpreCBM 700700 -- 600600

for normalization

Excellent middle module at testbeam?



GEANT modelGEANT model

Module example
►► Tile model with holes Tile model with holes 

and fibersand fibers
same as for raysame as for ray--tracingtracing

►► Assemble the moduleAssemble the module
steel tapessteel tapes

►► Assemble the Assemble the 
calorimeter wallcalorimeter wall

►► GorynychGorynych frameworkframework
for FLINT experimentfor FLINT experiment
similar to FAIRROOTsimilar to FAIRROOT
►► code can easily used for code can easily used for 

modeling CBM modeling CBM 
calorimetercalorimeter



Comparison with dataComparison with data

►► Light collection Light collection 
efficiencies mapsefficiencies maps

0.5x0.5mm0.5x0.5mm22

segmentationsegmentation

►► Calorimeter response Calorimeter response 
with GEANTwith GEANT

30KeV Geant3 cuts30KeV Geant3 cuts
1.0x1.0mm1.0x1.0mm22

segmentationsegmentation
converge withconverge with
►► light collection mapslight collection maps
►► thickness maps

►► Free parametersFree parameters
fraction of “bad” tiles in fraction of “bad” tiles in 
calorimetercalorimeter
light collectionlight collection

for LHCbfor LHCb

►►whiteness of edges and whiteness of edges and 
edgingedging

►► size of edgingsize of edging
for for preCBMpreCBM prototypeprototype

►► surface quality of the tilesurface quality of the tile

thickness maps



Muons. FittingMuons. Fitting

►► Fit with Landau Fit with Landau 
distributiondistribution

first fit to estimate first fit to estimate 
ranges ranges 
second fit withsecond fit with
►► f(xf(xstartstart)=0.4*Max)=0.4*Max
►► f(xf(xendend)=0.05*Max)=0.05*Max

►► 1x1mm1x1mm22 regionsregions



LHCb inner moduleLHCb inner module

No light mixer in MC because of no Cherenkov light treating.



LHCb inner moduleLHCb inner module

►► Idea:Idea:
exclude central regionexclude central region
►► no light mixerno light mixer

fit experiment with MCfit experiment with MC
►► normalization is only normalization is only 

parameterparameter
►► errors taken from fitserrors taken from fits

►► Extracted parametersExtracted parameters
Fraction of bad tiles 0.3Fraction of bad tiles 0.3
Whiteness of edge 1.13Whiteness of edge 1.13
Edging size 1.0mmEdging size 1.0mm
Surface quality Surface quality n/rn/r

Gray – MC, Black – data



LHCb outer moduleLHCb outer module

►► No thickness mapNo thickness map
generated to be “alike” generated to be “alike” 
inner moduleinner module

►► Available experimental Available experimental 
data scaled on one axisdata scaled on one axis

►► 1x2mm1x2mm2 2 regionsregions
►► Extracted parametersExtracted parameters

Fraction of “bad” tiles 0.2Fraction of “bad” tiles 0.2
Whiteness of the edge Whiteness of the edge 
1.111.11
Thickness on edging Thickness on edging 
1.0mm1.0mm
Surface quality Surface quality n/rn/r

Gray – MC, Black – data



preCBMpreCBM prototypeprototype

►► Extracted Extracted 
parametersparameters

Fraction of bad tiles Fraction of bad tiles 
0.20.2
Edge whiteness Edge whiteness n/rn/r
Size of edging 0.0mmSize of edging 0.0mm
Surface quality 0.06Surface quality 0.06

Gray – MC, Black – data



Electrons. LHCb inner moduleElectrons. LHCb inner module

Iterative fit with Gaussian in [-1.2δ,+2δ] for signals



Electrons. LHCb inner moduleElectrons. LHCb inner module

►► Extracted Extracted 
parametersparameters

Fraction of “bad” Fraction of “bad” 
tiles 0.3tiles 0.3
Edge whiteness 1.13Edge whiteness 1.13
Size of edging Size of edging 
2.0mm2.0mm
Surface quality Surface quality n/rn/r

Gray – MC, Black – data



SummarySummary

LHCbLHCb
muonsmuons

LHCbLHCb
electronselectrons

preCBMpreCBM LHCbLHCb
largelarge

Fraction of Fraction of 
“bad” tiles“bad” tiles 0.30.3 0.30.3 0.20.2 0.20.2

Edge Edge 
whitenesswhiteness 1.121.12 1.131.13 n/rn/r 1.111.11

Size of Size of 
edgingedging 1.0mm1.0mm 2.0mm2.0mm 0.0mm0.0mm 1.0mm1.0mm

Surface Surface 
qualityquality n/rn/r n/rn/r 0.060.06 n/rn/r

n/r means not relevant



CBM module (simple prediction)CBM module (simple prediction)

►► GeometryGeometry
4x4cm4x4cm22 cellscells
►►all information availableall information available

140 layers140 layers
►►1mm 1mm scintillatorscintillator
►►1mm lead1mm lead

►► Take parameters from LHCb and Take parameters from LHCb and preCBMpreCBM modulesmodules
►► current technologycurrent technology

fraction of “bad” tiles 0.7fraction of “bad” tiles 0.7
edge whiteness 1.12edge whiteness 1.12
size of edging 1.0mmsize of edging 1.0mm
surface quality surface quality 0.060.06

►► Thickness measurements from LHCb tilesThickness measurements from LHCb tiles
►► Procedure described aboveProcedure described above



CBM module (simple prediction)CBM module (simple prediction)

Muons 50 GeV electrons



NonuniformitiesNonuniformities
►► MeasuredMeasured

LHCbLHCb
►► different geometrydifferent geometry
►► different probesdifferent probes

preCBMpreCBM prototypeprototype

►► ModeledModeled
light collectionlight collection
►► rayray--tracer codetracer code

GEANTGEANT
►► Model crosscheckedModel crosschecked

same parameterssame parameters
different geometriesdifferent geometries
different probesdifferent probes

►► Results are consistentResults are consistent
►► Non uniformities predictionNon uniformities prediction

current technologycurrent technology
15% 15% nonuniformitynonuniformity with with 
muonsmuons
2% with 50GeV electrons2% with 50GeV electrons

►► Technology upgradeTechnology upgrade
surface qualitysurface quality
remove “bad” tilesremove “bad” tiles
►► technology of tiles technology of tiles 

manufacturing!manufacturing!

adjust edge whitenessadjust edge whiteness
►► can be controlled during can be controlled during 

production stageproduction stage

light masking, die mold shape …light masking, die mold shape …





Light yield measurementsLight yield measurements

►► Idea: Relative width of Idea: Relative width of 
LED signal in PMT only LED signal in PMT only 
number of number of 
photoelectronsphotoelectrons

Poisson statisticsPoisson statistics
Calibration for ADC Calibration for ADC 
counts counts --> GeV> GeV
Other factors: wide Other factors: wide 
signal signal --> less > less 
photoelectronsphotoelectrons
►► subtract width of subtract width of 

pedestalspedestals

►► ResultsResults
small (40x40mmsmall (40x40mm22 fiber fiber 
per 1x1cmper 1x1cm22) cells) cells
►►3000 (3100)3000 (3100)

middle (60x60mmmiddle (60x60mm22, , 
fiber per 1x1cmfiber per 1x1cm22) cells) cells
►►4200 (3500)4200 (3500)

outer (120x120mmouter (120x120mm22, , 
fiber per 1.5x1.5cmfiber per 1.5x1.5cm22) ) 
cellscells
►►2500 (2600)2500 (2600)

preCBMpreCBM (40x40mm(40x40mm22, , 
fiber per 1x1 cmfiber per 1x1 cm22))
►►700700
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